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Editorial

The Editorial Board of International Journal of Research in E-learning (IJREL)
is privileged to present a new volume 9(2) 2023. The content of the current issue
was divided into two chapters. The first is devoted to Research on Al and VR in
E-learning and Science. The second contains articles concerned with Innovative
Methods, Technology and Open Educational Resources (OERs) in Education.

The first part of the volume Chapter I: “Research on Al and VR in E-learning
and Science”, contains two articles.

The article “Factors Enhancing Students’ Views on Artificial Intelligence” was
written by an international team of Authors from Poland and the Netherlands —
Malgorzata Przybyta-Kasperek, Eugenia Smyrnova-Trybulska, Piet Kommers. The
researchers stressed that Artificial Intelligence now is one of the most important and
contemporary directions of development of science in an interdisciplinary context.
The EU’s approach to Artificial Intelligence centres on excellence and trust, aiming
to boost research and industrial capacity while ensuring safety and fundamental
rights. (A European approach to Artificial Intelligence). Strengthening the
fostering excellence in Al will strengthen Europe’s potential to compete globally.
Simultaneously not yet solved are a lot of challenges and issues. The problem
raised in the article is to explore and analyse computer science and education
students’ attitude to educational, social, and ethical aspects of Al implementation.
The purpose is to discover and analyse computer science students’ opinion and
their pedagogical attitude towards education, social, and ethical aspects of Al
implementation. Students of two faculties of the University of Silesia in Katowice,
Poland, were asked to respond to a survey. They were mainly students of two
specializations — Computer Science and Pedagogy. As many as 103 students have
been surveyed. The Kruskal-Wallis tests were used for verification.

The Authors from Poland and France, Jan Waligorski, Aleksandra Czastkiewicz,
Zofia Samsel, Natalia Frys, presented the research on “Reimagining Online
Academic Conferences: The Promise of Social Virtual Reality for the Return
of Co-Presence”. The experts note that new technologies and societal shifts are
profoundly influencing communication and conducting meetings. Over the past
few years, the number of online conferences has increased. The body of literature
indicates that online events allow for reducing cost and social inequalities. Despite
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this, they also present challenges in non-verbal communication, and diminish the
sense of co-presence, thus affecting networking. The aim of the research was to
explore the potential of virtual reality (VR) technology and social VR platforms
as alternative methods for organizing online academic conferences. The Authors
present the course of one of the first academic conference conducted entirely in
social VR (Wirtualium 2.0), along with the survey outcomes regarding the potential
of this environment for hosting academic conferences. The Authors’ findings
indicate that, compared to video-conferencing systems, social VR platforms offer
for most participants a higher sense of co-presence, facilitating networking and
engagement in informal conversations.

The Chapter II: “Innovative Methods, Technology and Open Educational
Resources (OERs) in Education”, contains six articles.

The article titled “Importance, Popularity and Elements of Educational
Platforms — A Study of the Opinions of Students from Poland, Ukraine and
Kazakhstan was presented by an international team of Authors from Poland,
Ukraine and Kazakhstan, Malgorzata Przybyta-Kasperek, Kornel Chrominski,
Eugenia Smyrnova-Trybulska, Nataliia Morze, Ainur Bazarbayeva. The experts
in their article present a comparative international research study analyzing
the opinions of students from Poland, Ukraine, and Kazakhstan, regarding the
importance, popularity, and elements of educational platforms in the field of
computer science. The study employed the Kruskal-Wallis test for statistical
analysis. Five hypotheses are proposed: The country of origin does not affect the
frequency of use of educational platforms. The country of origin affects the topics
of courses that students are interested in on educational platforms. The country
of origin does not affect the motivation to take courses on educational platforms.
The country of origin does not affect the evaluation of elements of the courses on
educational platforms that students find most important or useful. The country
of origin affects the evaluation of value of courses provided on educational
platforms. The most popular topics on these platforms are programming and
computer networks, with students from Kazakhstan also displaying a keen interest
in subjects related to artificial intelligence and computer graphics. Additionally,
this study analyzes the conditions of learning and teaching in specialized modules
at each university, including teacher requirements, curricula, and the potential for
practical implementation of new knowledge by students.

The Authors from Nigeria, Fabunmi Kazeem Olaiya and Yakubu Ibrahim Umar,
presented the article “Assessing The Awareness and Perception of Open Educational
Resources (OERs) among Nigerian University Students: A Case Study”. This study
investigated Nigerian university students’ awareness and how this influences their
perception and use of Open Educational Resources (OERs). The study adopted
a descriptive method of quantitative research. 4 research questions were developed
and answered a hypothesis was also tested to determine the relationship between
students’ awareness of and their perceptions of OERs. The percentage, frequency,
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mean, standard deviation and t-test were used for the analysis. A correlation
coefficient was employed to test the hypothesis. The findings of the study were:
Nigerian university students have a high level of awareness of OERs; the most
popular OERs among the Nigeria university students were Coursera, EdX, and
OpenStax; OERs are generally well-perceived by Nigerian university students; lack
of digital literacy skills and lack of adequate knowledge to determine the quality
assurance of OERs are the only challenges hindering the effective use of OERs
among the students, and there is a significant relationship between the awareness
and perception of OERs by the students. The study concluded that the majority of
Nigerian university students are familiar with OERs and have positive perceptions
of OERs. Universities, lecturers and librarians should continue to promote OERs
usage in teaching and learning activities to promote their adoption.

Artem Yurchenko, Volodymyr Proshkin, Olha Naboka, Volodymyr Shamonia,
Olena Semenikhina, the Authors from Ukraine, written the article “The Use of
Digital Technologies in Education: The Case of Physics Learning”. The article
reveals the trends in the use of digital technologies in teaching physics by
summarizing scientific results over the past 20 years. To solve the problem,
a bibliographic analysis of the sources of the scientometric database of the WOS was
used with the involvement of the computer tool VOSviewer (for the construction
and visualization of bibliographic data) as of June 2023. Modern trends in teaching
physics are singled out: the use of environments where simulation, modelling,
visualization, virtualization of physical processes, etc. are possible. The increasing
popularity of virtual, augmented, and mixed reality tools; use of mobile applications
for learning physics; using artificial intelligence to teach physics; organization of
an educational environment based on mobile or online learning, where active
learning methods are determined to be appropriate. The importance of developing
young people’s intellectual skills (computational skills, algorithmic thinking skills,
modelling processes, etc.) and visual thinking for the successful mastery of various
sections of physics has been confirmed. The demand for integration links between
natural sciences, mathematics, engineering, and digital technologies for STEM
education has been monitored. Recommendations for the training of physics
teachers have been formulated.

The text “Successful Examples of Asynchronous Teaching in Polish Interactive
Remote Medical Education” was preapred by a team of Authors from Poland —
Anna Smelkowska, Agnieszka Karbownik, Barbara Purandare, Katarzyna Zaorska,
Marta Jokiel, Maurycy Jankowski, Magdalena Roszak — experts in the area of
e-learning in the medicine. A thorough theoretical and practical preparation is
crucial in the education of medical professionals. The present-day knowledge
recipients expect a broad range of multimedia and interactive resources in the
consumed media. The article discusses examples of such implementations for
the nationwide education of a pharmacy technician, massage technician, medical
sterilization technician, and occupational therapy technician. These examples
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were created for the Integrated Education Platform of the Ministry of Education
and Science in Poland, as part of an EU-funded project. This study delineates
the characteristics of e-materials, such as instructional and educational videos,
film sequences, scenario-based learning games, interactive documentation, 3D
animations, simulators and virtual tours. The Authors prepared a learner benefit
analysis based on the e-materials discussed. The article aimed to formulate
recommendations and guidelines for designing and developing multimedia and
interactive resources, paying special attention to educational values and content
for the medical industry. To design and produce high-quality multimedia, it is
necessary to know their characteristics and to work with a team of subject matter
experts experienced in e-learning development.

Krzysztof Dziedzic, Marcin Barszcz, Tomasz Wisniewski present the research
on “Adaptation of the E-Learning Exercise Creator to the Needs of People with
Disabilities with Impaired Access to Education”. This article focuses on the
implementation of the WCAG 2.1 guidelines into e-learning courses. The Quizer
e-learning platform, which enables the creation of interactive multimedia courses,
has provided the basis for the introduction of the WCAG component. The platform
includes two basic tools: an exercise creator and an exercise presenter. Once the
Quizer Platform Exercise Wizard was analysed, a component was conceptualised
and implemented to create e-learning courses compliant with WCAG guidelines
and dedicated to people with disabilities. The technology for the implementation
of this component was also presented. The research on the correctness of the
WCAG standard implementation into e-learning courses was conducted with
the use of designed cyber security quizzes. The final results of quizzes prepared
according to WCAG guidelines and without WCAG were also compared.
The research involved students majoring in computer science at Lublin University
of Technology. Its results indicate the validity of using the WCAG guidelines in
the design of educational content for students with disabilities and equalizing their
educational opportunities.

Tetiana A. Vakaliuk, Oleksii V. Chyzhmotria, Svitlana O. Didkivska and Illia
Linevych from Ukraine presented the article “Development of a Web Service
for Creating Tests Based on Text Analysis Using Natural Language Processing
Technologies”. The purpose of the work is to analyze models, natural language
processing methods, and select modern technologies for training these models,
as well as to develop a web service for creating tests based on text analysis
using natural language processing technologies. The study considers methods
and algorithms for intelligent data analysis to generate questions and correct
and incorrect answers from the text. The study also describes the activity of the
proposed model, which will serve as a basis for creating a web service. After
a detailed review of these datasets, the necessary data for the experiment were
extracted and transformed into a convenient format for use. The training algorithm
for 6 models was designed and implemented, and valuable metrics were obtained
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after their training. Additionally, a server-side and web interface were developed
to interact with each other.

We hope that studies and solutions in the present [JJREL volume will be
inspiring and encourage reflection on how to manage the increasing demand for
online education in the current situation.

Eugenia Smyrnova-Trybulska
https://orcid.org/0000-0003-1227-014X
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Factors Enhancing Students’ Views
on Artificial Intelligence

Abstract

Artificial Intelligence (Al) is now one of the most important and contemporary
directions of development of science in an interdisciplinary context. The EU’s
approach to artificial intelligence centres on excellence and trust, aiming to
boost research and industrial capacity while ensuring safety and fundamental
rights (A European approach to artificial intelligence). Strengthening the
fostering excellence in Al will strengthen Europe’s potential to compete globally.
Simultaneously not yet solved are a lot of challenges and issues. The problem
raised in the article is to explore and analyse computer science and education
students’ attitude to educational, social, and ethical aspects of Al implementation.
The purpose is to discover and analyse computer science students and pedagogical
attitude towards education, social-, and ethical aspects of Al implementation.
Students of two faculties of the University of Silesia in Katowice, Poland, were
asked to respond to a survey. They were mainly students of two specializations —
Computer Science and Pedagogy. As many as 103 students have been surveyed.
The Kruskal-Wallis tests were used for verification. The main issues studied were
the students’ level of competence in Al, their awareness of Al applications in
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various areas of life and economy, and the importance of the Al field. The study
also included the level of confidence towards Al and the level of anxiety towards
Al Various types of dependencies and connections between these aspects were
investigated. The hypotheses were mostly confirmed. Finally, the article presents
the discussion and main conclusions.

Keywords: Artificial Intelligence (Al), educational, social and ethical aspects,
students of computer science and education, opinion, Kruskal-Wallis tests

We live in a modern technological society driven by intelligent human systems
and machines. This is due to advances in artificial intelligence (Al) (Yu and Nazir,
2021).

The artificial intelligence is widely present in our daily lives: facial recognition
systems in smartphones, digital voice assistants, smart home devices, mobile
banking, Google predictive search, Netflix recommendations, Google Maps,
carpooling applications, banking mobile devices and more (Oprea, 2021). We agree
with Oprea (2021) that the field of artificial intelligence is developing continuously
and rapidly.

Background research

According to previous research, “artificial intelligence” and “smart tutoring
system” are among the most common keywords in related bibliographic analyzes
of Al in education (Baek and Doleck, 2020).

Other researchers have developed and provided a systematic overview of Al
technologies in STEM education (Xu and Fan (2022). They have identified and
detailed types of Al applications, teaching content, etc. practices, as well as teacher
involvement, pedagogical strategies, teaching methods, contexts, and the impact
of Al for STEM and STEAM education (Xu and Fan, 2022).

Some experts provided an overview of publications on the use of Al in higher
education by keywords and topics such as author, institution, country and citation
(Hinojo-Lucena et al., 2019).

The purpose of another study is to determine the trend of interaction of
artificial intelligence (weak, hybrid, superintelligence) with humans in the areas
of: forecasting, decision-making, development of artificial intelligence tools and
development strategies, relations with society, valuation, evaluation, selection of
new business models and artificial intelligence risk management. The methodology
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includes benchmarking, comparative analysis of trends in the generation of artificial
intelligence and its interactions (Richardson and Clesham, 2021).

Based on a large-scale technology adoption scenario, artificial intelligence (Al)
is expected to have a disruptive impact on economies and societies. In recent years,
there has been a breakthrough in basic research into the technologies underlying
artificial intelligence. Artificial intelligence shows greater potential to become
a general-purpose technology (Huang and Peissl, 2023).

Artificial intelligence (Al) is now being developed by large corporations and
governments around the world are working hard on it. Artificial intelligence is not
a futuristic concept; it is already here and being implemented in many industries
(Mhlanga, 2022). The study of Yu and Nazir (2021) provides a detailed overview
of the role of 5G and Al in the research and transformation of situational English
teaching in higher education (Yu & Nazir, 2021).

The research of Ahmed & Ganapathy (2021) aims to focus on methods for
creating intellectual content that improve learning management and enable the
use of embedded artificial intelligence. Artificial intelligence is probably one of
the most outstanding fields, and it can be used effectively. Azevedo & Almeida
(2021) present the design and practice of this training specifically aimed at
decision makers in medium-sized enterprises (SMEs). The proposed program
with a multidisciplinary scope includes various thematic chapters (autonomy),
as well as cross-cutting topics, towards the paradigm of Industry 4.0 and digital
transformation (Azevedo and Almeida, 2021).

The aim of the work of Fedotova et al. (2020) is to assess the current changes in
the structure of national economic systems resulting from the transition to Industry
4.0. (Fedotova et al., 2020).

The article presents the impact of artificial intelligence on the quality of
diagnostic criteria of the pedagogical supervision system (Khaperskaya, & Minin,
2020). The authors have developed methods for providing automated educational
supervision, describing the principle of operation of the developed methods
from the technical and educational point of view and giving examples of their
implementation. The article confirms that artificial intelligence can expand the
field of pedagogical supervision in the digitization process, while maintaining
the principles of traditional pedagogy (Khaperskaya & Minin, 2020).

The aim of the study of Karnouskos (2022) is to explore many potential
problems of law and society by examining the interaction of law, robotics and
society from different angles such as legal, social, economic, gender and ethical
opinion (Karnouskos, 2022).

The moral hazard of employing algorithms that use international human rights
law as a common standard for determining algorithmic accountability has been
highlighted by Yam & Skorburg (2021).
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Four types of algorithmic impact analysis with five human rights of candidates
participating in the recruitment algorithm are effectively evaluated (Yam and
Skorburg, 2021).

Interesting research results were presented by Kozlova et al. (2021). Business
models of the economy of the future with the use of artificial intelligence of human
resources have been proposed. A new model of working with analytics, a platform
business model, has been developed (Kozlova et al., 2021).

As indicated by Pikkarainen and Tihinen (2023), the manufacturing industry
is currently moving towards smart manufacturing systems through digitization.
There are many technologies and professional skills that are recognized as crucial
for embracing changes in the manufacturing industry, such as digital platforms and
solutions, artificial intelligence (Al), diagnostics and data analytics (Pikkarainen
and Tihinen, 2023).

Therefore, research by Pikkarainen & Tihinen (2023) focuses on educational
solutions that drive digital transformation in the manufacturing industry.

The study of Ramirez (2021) provides an analysis of the areas, resources,
and management options required to respond to the new environment of public
higher education institutions in Mexico. These processes integrate the necessary
elements, such as artificial intelligence, machine learning, digitization of processes
or comprehensive leadership implementation (Ramirez, 2021).

Research shows that managing the Covid-19 crisis is difficult for startup
training due to the need for specific and practical examples (Ratten, 2020). This
means that augmented reality and artificial intelligence are needed to simulate
the real environment. This will enable a more community-based approach to
entrepreneurship research and practice (Ratten, 2020).

Smart digital aids for analog learning experiences and dynamic, transport-
adaptive object-based learning textbooks for quantum cryptography are discussed
in Sosnovsky et. al. (2020).

Researchers have developed an introductory course to teach basic ML concepts
such as the basics of neural networks as well as the limitations and ethical issues
of K-guideline 12 on artificial intelligence (Martins et al. 2023).

An analysis of Al music and its possible benefits in non-drug therapy is
presented in Mata-Rivera et al. (2022).

In fact, Al is at the center of attention of many researchers and this trend
is dynamically developing. Simultaneously a lot of questions are still without
answers, in particular, the opinions of young people, and students of different
specializations on the ethical and social aspects of Al and its impact and future
perspective of using it in different areas of society, environment, economy, etc.
Some research results were presented in Smyrnova-Trybulska, Przybyta-Kasperek,
& Kommers (2023) and in Skalka, & Drlik (2022).

This article presents the extended results of research conducted by the authors.
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Methodology

Research questions were defined based on literature review and the authors’
own experience. Questions formulated in the present study are the following:
RQI1: What level of Al competence do computer science and education students

have?

RQ2: What level of Al competence do students who have completed engineering
technical studies (Bachelor’s degree) have as well as those who are just after
high school?

RQ3: What level of Al competence do students in their fifth year of study have as
well as students in earlier years of study?

RQ4: What level of awareness of Al do education and computer science students
have?

RQ5: What level of awareness of Al possibilities and applications do fifth year
students have as well as students in their earlier years of study?

RQ6: Are there any dependencies between the level of students’ Al competence,
and the level of their appreciation of Al possibilities?

RQ7: Is there a difference between the level of fear of Al development among
computer science students and education students?

RQ8: Is there a difference between the level of fear of Al development among
computer science students and education students, because the increase in
Al competence influences a calm attitude towards Al and a decrease in fear
of Al development?

RQY: Is there a difference between increased Al competence and the level of fear
of Al development?

A model was created to present what relations are to be analysed and studied
in this paper. Figure 1 shows the six conceptualized categories and the relations
between them that will be verified.

Adequate hypotheses are posed. The hypotheses are verified based on the
questionnaire responses using statistical inference specifically the Mann-Whitney
and the Kruskal-Wallis tests. Of course, a comparison of statistical measures and
graphs was also performed to confirm the differences in results and the following
hypotheses.

H1: Computer science students have a higher level of Al competence than education
students.

H2: Students who have completed engineering technical studies (Bachelor’s
degree) have a higher level of Al competence than students who are just after
high school.

H3: Students in their fifth year of study have higher AI competence than students
in earlier years of study.
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H4: Computer science students are more aware of the possibilities and applications
that Al brings than education students.

HS5: Fifth-year students have a higher awareness of Al possibilities and applications
than students in earlier years of study.

H6: Awareness of Al possibilities and applications increases proportionally to the
level of Al competence. The higher the student’s Al competence, the more
they appreciate the possibilities of Al

H7: Computer science students are more concerned and afraid of the development
of Al than education students.

H&: Fifth year students have a lower level of concern and fear about Al development
than students in their earlier years of study. This is due to greater experience
and knowledge of these students.

HO9: The increase in Al competence influences a calm attitude towards Al and
a decrease in fear of Al development.

Prior knowledge -
students’ specialization
of education

Al awareness of
possibilities of Al

Al skills - level of Al Prior knowledge -
engineering or
technical bachelor

competence

Prior knowledge -
students’ year of study

Figure 1. Six factors model and investigated relations
Source: Own work based on Asghar, Minichiello, & Igbal, 2022.
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This paper is a continuation of the conference paper (Smyrnova-Trybulska,
et al., 2023) and provides a significant extension of it. It presents further analysis
of risk perceptions regarding Al as well as analysis of the correlation between
students’ level of competence and answers to questions on various aspects, i.e. Al
applications or Al risks.

The structure of the work is as follows. In Section 2, we present the assumptions
of the questionnaire conducted as well as the sociological background of students.
Section 3 presents the main results and analysis. This section is divided into sections
on the various aspects studied: Al competence, Al possibilities and applications,
Al possibilities and applications and self-assessment of Al literacy, potential risks
of Al, correlation between feelings of anxiety toward Al and self-assessment of Al
literacy. Section 4 contains discussions of the obtained results, the most important
hypotheses that were successfully demonstrated are summarized here. The paper
ends with conclusions.

Questionnaire, purpose and research questions

Our focus was on exploring students’ attitudes toward Al issues, the degree
of knowledge they have and their awareness of the potential use of Al issues in
various aspects of life and the economy as well as their fears and anxieties about
Al. Students from two different faculties, five different years of study and differing
in age and gender, were asked to answer questions about their AI competences,
perceptions of opportunities to use Al issues, and fears they have about Al
development. The survey was conducted in December 2022 and January 2023.
The students of two faculties — Faculty of Science and Technology, and Faculty of
Arts and Educational Science of the University of Silesia - were asked to participate
in the study. They were mainly students of two specializations — Computer Science
and Education. A total of 103 responses were received. Respondents were randomly
selected. Emails were sent to students at different years of studies and faculty
asking them to fill out the survey. Taking part in the survey was voluntary.

Sociological background

In order to study the relationship between student characteristics and knowledge
of Al or attitudes toward Al, the questionnaire included sociological questions. The
sociological characteristics of questions and possible responses in the questionnaire
are presented below:

o age —<19-21>, <22-25>, <25-30>, >30
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* name of previous school, university — open question, (optional question)

» name of current school, university — open question

» gender — male, female

* course of the study — Ist, 2nd, 3rd, 4th, 5th

» study specialization — education, social, computer science, humanities,
economics, technical but not Al
Descriptive statistics on the responses obtained related to the sociological

background are presented in Table 1.

Table 1.
Descriptive statistics on responses to sociological questions
. Name of . Name of .
Quantity/ . Quantity/ Quantity/
Age previous school, current school,
Percentage university Percentage university Percentage
<19-21>  33/32.04 Technical 31/30.10 University 103/100
secondary
school
<22-25> 55/53.40 General 33/32.04
secondary
school
<26-30> 10/9.71 University 17/16.50
>30 5/4.85 Technical 12/11.65
University
Quantity/ Quantity/ Study Quantity/
Gender Percentage Year of study Percentage  specialisation  Percentage
Male 54/52.43 1st 18/17.48 Education 42/40.78
Female  49/47.57 2nd 19/18.45 Social 0/0
3rd 35/33.98 Computer 61/59.22
science
4th 23/22.33 Humanities 0/0
5th 8/7.77 Economics 0/0
Technical but 0/0

not Al

Based on the results obtained, it can be concluded that the majority of
respondents are between 22 and 25 years old. They are mainly secondary school
graduates — the vast majority of them received not technical but general education.
All students are currently studying at the University of Silesia in Katowice. In terms
of gender, it can be said that the sample is balanced — almost equal numbers of
men and women were interviewed, only 5 more men than women were surveyed.
The most numerous group of respondents is currently in their third year of study.
Also, a large group of fourth-year students are present. Together, they account for
more than half of the sample. First-year and second-year students make up about
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36% of the total sample. The fifth-year students are the least represented. Students
from the two specialties — education and computer science were interviewed, with
computer science students accounting for 59.22% of the total sample.

Research questions

In our study, we had several research questions. First, we wanted to answer
the question of what the level of Al competence among students is and whether
social aspects influence this level. Further critical questions include the following:
What is the awareness of the applicability of Al issues in different areas of life?
Is there a significant correlation between this awareness and students’ level of Al
competence? What concerns do students have about Al development and about the
future related to AI? Are these concerns significantly different in groups related
to, for example, specialization, year of study, gender, age? Is there a significant
correlation between the level of AI competence and concerns about AI?

All of the above questions are addressed and discussed in the next section.

Results and statistical tests

In this section, we will present statistical tests, analyses and their results on
the perceptions of Al issues, opportunities that Al brings and concerns about Al
expressed by the students who participated in the questionnaire. Each aspect is
discussed separately in one of the following sections.

Al Competence

After the sociological background, the next coherent part of the questionnaire
concerned students’ self-assessment of their competence on various aspects of Al
The main purpose of this part was to find out whether respondents had encountered
Al issues at university or in their personal lives, and at what do they rate their
knowledge of specific Al issues. The questions in this part and possible responses
included in the questionnaire are listed below:

1. Did you encounter Al — Yes, No
2. What do you think Artificial intelligence is? — robots, intelligent machines,
machine learning, learning based on experience, learning based on data, other

1JREL.2023.9.2.03, p. 9/42
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3. How do you rate your level of Al competence? — seven-point qualitative scale,
1 the lowest level, 7 the highest level

4. How do you rate your level of competence in the area of Al supporting in
programming languages (e.g. Python)?

5. How do you rate your level of competence in the area of ethical and social
aspects of AI?

6. How do you rate your level of competence in the area of Data Preprocessing
Techniques?

7. How do you rate your level of competence in the area of Knowledge Discovery?

8. How do you rate your level of competence in the area of Machine Learning?

9. How do you rate your level of competence in the area of Deep Learning?

0. How do you rate your level of competence in the area of Natural Language
Processing?

11. How do you rate your level of competence in the area of Learning Analytics?

12. How do you rate your level of competence in the area of Al in cyber security?

13. How do you rate your level of competence in the area of Recommender

systems?

As many as 98 respondents answered that they encountered Al issues,
representing 95.15% of the sample. Five respondents answered that they had not
encountered Al, which means that they are not aware of using Al issues on a daily
basis through their smartphones or search engines. To the question “What do you
think Artificial Intelligence is?”, the largest number of respondents answered
intelligent machines (31 responses), followed by learning based on experience
(23 responses), machine learning (22 responses), robots (12 responses), all other
possibilities were indicated by individual respondents. Bar charts of the responses
obtained related to the assessment of Al competences are shown in Figure 2.

As can be seen from the results, students do not rate their knowledge and
competences related to Al highly. For all questions presented in Figure 1, the most
frequent answers are 1-3 which means low. It can be concluded that students rated
their knowledge and competences in the following areas: Knowledge discovery and
ethical and social aspects of Al. On the other hand, they rated their competences
lowest in the areas of Al supporting programming languages, Al in cyber security
and Learning analytics.

Statistical tests were performed in order to test the Al competence level
obtained for groups defined by: study specialization, age, gender, year of study and
previous school (each issue was considered separately). All results examined are for
the ordinal variable. The Mann-Whitney test was used to detect differences in the
two independent samples defined by field of study and gender. The results obtained
are presented in Table 2: sum of ranks across groups and p-value. Significant
results are shown in bold. If we take into account the groups defined by different
specializations of studies, then we have a significant difference in results concerns
competence in the area of Al supporting in programming languages (e.g. Python).
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This confirms hypothesis H1. It is rather natural for computer science students
to be more competent in this field than education students. What is surprising,
however, is the lack of significant differences in other technical subjects such as
machine learning or deep learning. This may indicate unsatisfactory competence of
computer science students in this area. If we take into account the groups defined
by gender there are statistically significant differences in the results obtained for
two aspects studied: level of competence in area Deep Learning and level of
competence in the area of Al in cyber security. Women indicated a higher degree
of competence than men in both areas. But the third quartile of scores is rather

low — below 4.

Number of responses.

1 2 3 0 B 5 7

Number of responses.

1 2 3 4 s g
How do you rate your level of com petence in area Deep Learning?

2% 21

22 20%

Number of responses

Number of responses. Number of responses Number of responses.

Number of responses.

programming languages (e.g. Python)?

20%

Number of responses

Processing?

Figure 2. Bar charts of the responses obtained related to the assessment of Al

competences

Number of responses.
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The Kruskal-Wallis tests were performed for groups defined by age, year
of study and previous school (in each case the number of groups was greater
than 2). The results obtained group size, group rank mean, p-value and test statistic
value are presented in Table 3. Significant results are shown in bold. As can be
seen, age, type of previous school and year of study have little influence on the
evaluation of the Al competence in different fields. Significant differences were
confirmed in the level of Knowledge Discovery competence by groups defined
by the type of previous school. Based on the box-whiskers chart (Figure 3), it can
be concluded that students who graduated from the technical universities have
higher competence in this area than other students. This confirms hypothesis H2.
Significant differences for groups defined by year of study were confirmed for
competencies concerning: Al supporting in programming languages (e.g. Python),
Data Preprocessing Techniques, Machine Learning and Recommender systems.
Based on the box-whiskers charts (Figure 3), it can be concluded that students
in the fifth year of study are distinguished by higher competences in this area
compared to students in other years of study. This confirms hypothesis H3. This
means that at the University of Silesia these issues are taught and students of the
last year of study are familiar with them.

Table 2.
The Mann-Whitney test results of Al competence level for groups defined by study
specialization and gender

Groups defined
by the study specialization:
education and computer science

Question  sym of the

Groups defined by gender:
male and female

ranks for Sum of the Sum of the Sum of the

science
3 3161 2195 0.944 2724 2632 0.581
4 3504.5 1851.5 0.026 2985 2371 0.244
5 3420 1936 0.097 2984 2372 0.246
6 3399 1957 0.129 2906.5 24495 0.518
7 3105.5 2250.5 0.658 2735.5 2620.5 0.634
8 3360 1996 0.208 2855.5 2500.5 0.756
9 2896 2460 0.064 2496.5 2859.5 0.040
10 2961 2395 0.158 2527.5 2828.5 0.064
11 3030.5 23255 0.344 2607 2749 0.185
12 2900.5 24555 0.069 2508 2848 0.048
13 3230.5 2125.5 0.697 2767.5 2588.5 0.792
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Table 3.
The Kruskal-Wallis test results for Al competence and groups defined by age, year
of study and previous school

Groups defined by age

<19-21> <22-25> <26-30> >30
n 33 55 10 5
Question Rank avg and results
3 47 56 51 44
H(4,103)=2.739; p-value=0.434
4 45 56 56 44
H(4,103)=3.491; p-value=0.322
5 51 53 49 61
H(4,103)=0.676; p-value=0.879
6 49 57 37 54
H(4,103)=4.511; p-value=0.211
7 46 57 44 53
H(4,103)=3.562; p-value=0.313
8 50 55 43 47
H(4,103)=2.024; p-value=0.568
9 53 53 45 40
H(4,103)=1.674; p-value=0.643
10 52 54 40 52
H(4,103)=1.967; p-value=0.579
11 50 55 48 39
H(4,103)=1.877; p-value=0.598
12 54 54 40 45
H(4,103)=2.253; p-value=0.522
13 51 53 44 61

H(4,103)=1.467; p-value=0.690

Groups defined by previous school

Technical secondary  General secondary University Polytechnic

school school
n 31 33 17 12
Question Rank avg and results
3 47 47 45 50

H(3,93)=0.248; p-value=0.970
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4 44 43 51 60
H(3,93)=4.460; p-value=0.216
5 45 45 47 58
H(3,93)=2.594; p-value=0.459
6 47 43 46 61
H(3,93)=3.986; p-value=0.263
7 46 45 37 70
H(3,93)=12.100; p-value=0.007
8 46 44 43 61
H(3,93)=4.293; p-value=0.232
9 46 51 39 51
H(3,93)=2.470; p-value=0.481
10 48 50 44 40
H(3,93)=1.512; p-value=0.679
11 50 47 42 45
H(3,93)=0.942; p-value=0.815
12 48 53 37 42
H(3,93)=4.847; p-value=0.183
13 51 46 40 51

H(3,93)=2.076; p-value=0.557

Groups defined by year of study

1st 2n 3 4t 5t
n 18 19 35 23 8
Question Rank avg and results

3 51 58 47 47 74
H(4,103)=7.154; p-value=0.128

4 51 48 51 46 87
H(4,103)=12.937; p-value=0.012

5 65 46 50 47 58
H(4,103)=5.644; p-value=0.227

6 52 52 49 46 82
H(4,103)=9.728; p-value=0.045

7 43 54 52 52 65
H(4,103)=3.434; p-value=0488

8 59 51 49 42 78

H(4,103)=10.266; p-value=0.036
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10

11

12

13

48

45

54

54

60

62 51 43
H(4,103)=7.455; p-value=0.114
60 51 48
H(4,103)=4.723; p-value=0.317
57 52 44
H(4,103)=3.305; p-value=0.508
64 52 41
H(4,103)=6.686; p-value=0.153
55 50 38

H(4,103)=11.804; p-value=0.019

67

64

60

52

75

Evaluation of perception of Al possibilities and applications
in relation to study specializations, age, gender, year of study

and previous schools

A subsequent section of the questionnaire included questions on perceptions
of the applicability of Al issues in various areas of life and economy as well as
the social and educational aspects of Al. The aim of this study was to analyse the
attitudes and concerns about Al among students of different study specializations,
age, gender, year of study and previous schools. The questions in this part and
possible responses included in the questionnaire were defined using Likert scales to
the 7-point scale listed below e.g.:

1. Can and should Al be more actively used, for example, in education to
personalize teaching-learning?
2. Can social robots be helpful in the development of children including those

with special needs?

3. Where can it be most useful and effective to use AI?
a) For people

b) For Education
¢) For Medicine
d) For Transport

e) For Business, Finance and Banking

f) For Space and NASA

g) For Economy and Management
h) For IT (Information Technology)

i) For public services

j) Cybersecurity and safety
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Bar charts of the obtained responses related to the assessment of Al competences
are shown in Figure 4. As can be seen from the figures, respondents have no
doubt that artificial intelligence can be useful in areas such as medicine, transport,
business, finance and banking, space and NASA, information technology and
cybersecurity. In all of these questions, the highest response — rate 7 — was indicated
by about 35% to even 50% of respondents. By far the highest responses were given
to the use of Al in space and NASA. However, in the case of Al applications for
people, education or public services, respondents were not so strongly convinced
of the answers for the other questions. In these cases, Al received support, but
the results are rather spread around an intermediate intensity: responses of 4, 5, 6
were the most frequent. Respondents also gave moderate support for more active
use of Al issues in education to personalize teaching-learning and the use of social
robots in the development of children including those with special needs. Negative
answers to these two questions were rather rare. But the most frequently indicated
answers were average intensities 4, 5, 6.

Statistical tests were performed in order to test the significance of differences
in the results obtained for groups defined by study specialization, age, gender,
year of study and previous school (each issue was considered separately). All
the results examined are for the ordinal variable. The Mann-Whitney test was
used to detect differences in the two independent samples defined by field of
study and gender. The results obtained are presented in Table 4: sum of ranks
across groups and p-value. There are statistically significant differences in the
results obtained for all aspects studied — questions 1, 2, 3a)-3j) — in the groups
defined by study specialization. It can be seen that computer science students
rate the possibility of using Al issues in all aspects studied higher and better
than education students. This confirms hypothesis H4. Perhaps this is due to
a greater awareness of the possibilities offered by Al. As far as groups defined
by gender are concerned, practically in all questions the differences in ratings are
significant — the only exceptions being the questions on: Can and should Al be used
more actively in, for example, education to personalize teaching/learning? Where
can the application of Al be most useful and effective: cyber security and safety?
It was found that the majority of women study education, and the majority of men
study computer science (only 7 women in computer science specialization took part
in the questionnaire, the remaining 54 were men). Thus, the results obtained for
groups defined by gender are probably also related to the specialization of students.

In the next stage of the study, the Kruskal-Wallis tests were performed for
groups defined by age, year of study and previous school (in each case the number
of groups was greater than 2). The results obtained group size, group rank mean,
p-value and test statistic value are presented in Table 5. Significant results are
shown in bold. As can be seen, age, type of previous school and year of study
have little influence on the evaluation of the applicability of Al issues in different
fields. Among the grouping conditions tested, it can be seen that the year of study
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has the greatest influence. We notice a regularity that students of the first and the
fifth year of study rate the applicability of Al for people, education, economy
and management and computer science higher than students of the second, third
or fourth year of study (see Figure 5). This confirms hypothesis HS. This may
be related to the first fascination with Al issues in the first year of study, and the
greatest knowledge about the possibilities of Al in the fifth year of study. Another
trend is that master’s students who have already completed a bachelor’s degree at
a university or technical university also rate the applicability of Al issues in the
fields of medicine and transport higher than bachelor’s students. This is probably
related to these students’ greater knowledge and experience with Al issues.
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Figure 4. Bar charts of the responses obtained related to social, educational and
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Table 4.
The Mann-Whitney test results for Al possibilities and applications and groups
defined by study specialization and gender

Groups defined by the study

specialization: education and Groups defined by gender: male and

computer science female
Question - sum of the Sum of the Sum of the Sum of the
ranks for
science
1 3462 1894 0.048 3049 2308 0.106
2 3525 1831 0.016 3113 2243 0.041
3a) 3661 1695 0.001 3254 2103 0.003
3b) 3515 1842 0.019 3101 2255 0.049
3c) 3555 1801 0.007 3217 2139 0.004
3d) 3692 1665 0.000 3333 2024 0.000
3e) 3626 1730 0.002 3150 2206 0.019
3f) 3494 1862 0.019 3101 2255 0.035
39) 3531 1825 0.014 3110 2246 0.041
3h) 3509 1847 0.016 3104 2252 0.037
3i) 3498 1858 0.026 3066 2291 0.083
3j) 3544 1812 0.010 3146 2211 0.026
Table 5.

The Kruskal-Wallis test results for Al possibilities and groups defined by age, year
of study and previous school

Groups defined by age

<19-21> <22-25> <26-30> >30
n 33 55 10 5
Question Rank avg and results

1 49 55 48 52
H(4,103)=1.015; p-value=0.798

2 45 52 75 54
H(4,103)=7.750; p-value=0.052

3a) 49 51 63 57
H(4,103)=1.883; p-value=0.597

3b) 48 52 67 53
H(4,103)=3.295; p-value=0.348

3c) 42 55 73 41

H(4,103)=11.029; p-value=0.012
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3d) 46 53 64 55
H(4,103)=3.076; p-value=0.380

3e) 52 52 55 46
H(4,103)=0.304; p-value=0.959

3f) 44 54 64 55
H(4,103)=5.536; p-value=0.137

39) 48 52 63 61
H(4,103)=2.665; p-value=0.446

3h) 48 54 63 34
H(4,103)=4.377; p-value=0.224

3i) 50 51 65 53
H(4,103)=2.140; p-value=0.544

3j) 52 51 61 51

H(4,103)=1.185; p-value=0.757

Groups defined by previous school

Technical General University Teghniqal
secondary school secondary school university
n 31 33 17 12
Question Rank avg and results

1 52 41 47 52
H(3,93)=3.229; p-value=0.358

2 45 40 54 61
H(3,93)=7.138; p-value=0.068

3a) 47 39 58 56
H(3,93)=7.293; p-value=0.063

3b) 46 42 55 53
H(3,93)=3.222; p-value=0.359

3c) 47 38 56 59
H(3,93)=8.543; p-value=0.036

3d) 42 41 60 58
H(3,93)=9.013; p-value=0.029

3e) 44 40 56 60
H(3,93)=7.599; p-value=0.055

3f) 45 41 59 52
H(3,93)=6.694; p-value=0.082

39) 45 40 62 48
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3h) 45 44 51 55
H(3,93)=2.280; p-value=0.516
3i) 46 43 57 44
H(3,93)=3.490; p-value=0.322
3)) 45 43 56 51
H(3,93)=3.003; p-value=0.391
Groups defined by year of study
1st 2nd 3rd 4th 5th
n 18 19 35 23 8
Question Rank avg and results
1 61 48 48 50 63
H(4,103)=3.826; p-value=0.431
2 62 40 47 59 58
H(4,103)=7.573; p-value=0.109
3a) 66 35 51 52 64
H(4,103)=11.871; p-value=0.018
3b) 68 40 46 57 54
H(4,103)=11.085; p-value=0.026
3c) 57 39 49 61 59
H(4,103)=7.930; p-value=0.094
3d) 56 42 50 53 70
H(4,103)=5.938; p-value=0.204
3e) 60 49 43 54 71
H(4,103)=8.586; p-value=0.072
3f) 60 42 47 59 58
H(4,103)=7.557; p-value=0.109
39) 67 45 43 56 63
H(4,103)=10.952; p-value=0.027
3h) 67 40 46 59 55
H(4,103)=11.957; p-value=0.018
3i) 59 41 50 55 61
H(4,103)=5.015; p-value=0.286
3j) 68 47 46 48 63

H(4,103)=8.937; p-value=0.063
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Correlation analysis between perception of Al possibilities
and applications and self-assessment of Al literacy

In the previous section it has already been found that master’s students
evaluate the applicability of Al issues in practice higher than bachelor’s students.
A hypothesis arose that this was due to the higher level of competence of these
students. An exhaustive study was conducted to see if there was indeed a link
between the level of competence of students and their perception of the applicability
of Al issues in various areas of life and the economy. The correlation between
responses to questions on self-assessment of Al competence and the assessment
of the applicability of Al issues in practice was investigated. Spearman’s rank
correlation coefficient was used for this purpose as we have ordinal categorical
data. Table 6 shows the values of the correlation coefficient. Significant results with
the level of significance, p-value smaller than 0.05 are shown in bold.

Table 6.
The values of Spearman’s rank correlation coefficient between questions about
applicability of Al issues and questions about self-assessment of Al competence

Questions about self-assessment of Al competence

Questions**
1* 2* 3* 4* 5* 6* 7* 8* o*
1 0.271 0.258 0.322 0.334 0.290 0.377 0.168 0.091 0.136
2 0.054 0.054 0.173 0.032 0.070 0.179 -0.067 -0.102 -0.100
3a) 0.076 0.099 0.040 0.044 -0.007 0.147 -0.128 -0.220 -0.165
3b) 0.046 0.165 0.246 0.065 0.040 0.116 -0.053 -0.099 -0.010
3c) 0.007 0.103 0.149 0.049 0.114 0.099 -0.115 -0.114 -0.077
3d) 0.020 0.070 0.174 0.109 0.041 0.148 -0.133 -0.066 -0.047
3e) 0.030 -0.040 0.215 0.072 0.018 -0.002 -0.229 -0.108 -0.228
3f) -0.183 -0.084 0.045 -0.096 0.001 -0.021 -0.239 -0.142 -0.115
39) 0.000 0.019 0.050 0.020 -0.078 0.084 -0.202 -0.107 -0.154
3h) —0.043 -0.017 0.105 -0.040 -0.023 0.015 -0.174 -0.078 -0.183
3i) -0.071 0.019 0.031 -0.093 -0.175 0.040 -0.230 -0.165 —0.151
3j) -0.064 -0.004 0.093 0.012 -0.101 0.093 -0.209 -0.193 -0.211

Designations: 1* — Al supporting in programming languages (e.g. Python); 2* — Ethical and
social aspects of Al; 3* — Data Pre-processing Techniques; 4* — Knowledge Machine Learning;
5% — Deep Learning; 6% — Natural Language Processing; 7* — Learning Analytics; 8% — Cyber security;
9* — Recommender systems. 1 — Can and should Al be more actively used, for example, in education
to personalize teaching-learning?; 2 — Can social robots be helpful in the development of children
including those with special needs?; 3a) — Where it can be most useful and effective to use Al for People;
3b) — for Education; 3c) — for Medicine; 3d) — for Transport; 3e) — for Business, Finance and Banking;
3f) — for Space and NASA; 3g) — for Economy and Management; 3h) — for IT (Information Technology);
3i) — for public services; 3j) — for Cybersecurity and safety. ** Questions about applicability of Al issues.
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As can be seen, the correlation between both aspects: competence of Al and

applicability of Al issues is not very high. Only in sixteen cases it turned out to
be significant. This confirms hypothesis H6. A significant correlation is between:

Question 1 — Can and should Al be more actively used, for example, in
education to personalize teaching-learning? and Questions 1*—6* — competence
in programming languages, ethical and social aspects of Al, data Preprocessing
Techniques, Knowledge Machine Learning, Deep Learning and Natural
Language Processing. In all these cases, a significant positive correlation
of medium to weak intensity was confirmed. This means that a higher range
of competence influences a higher evaluation of the applicability of Al issues
in education to personalize teaching-learning.

Question 7* — Learning Analytics and Questions 3e)-3g) and 3i), 3j) — the
possibility of using Al in Business, Finance and Banking, for Space and NASA,
for Economy and Management, for public services and for Cybersecurity
and safety. Negative correlations of weak intensity was found here. Thus, an
increase in knowledge of Learning Analytics causes on average a decrease in
belief that Al can be applied to these issues.

Question 3* — competences in Data Preprocessing Techniques and Questions
3b) and 3e) — the possibility of using Al in Education and Business, Finance
and Banking. Positive correlations of weak intensity was found here. This
is very sensible, as financial and business data often require advanced data
preprocessing, which takes sometimes up to 60%—70% of total analysis time.
Students familiar with this subject are probably simply aware of it.

Question 8* — competences in Cybersecurity and Question 3a) — the possibility
of using Al for People. A negative correlation of weak intensity was found
here. Thus, an increase in knowledge of Cyber security causes on average an
increase in evaluating the applicability of Al for People. Perhaps this is related
to students’ awareness of the risks posed by the use of Al in cybersecurity.
Question 9* — competences in Recommender systems and Questions 3e)
and 3j) the possibility of using Al for Business, Finance and Banking and
for Cybersecurity and safety. Negative correlations of weak intensity were
found here. Thus, an increase in knowledge of Recommender systems causes
on average a decrease in belief that Al can be applied to Business, Finance
and Banking and for Cybersecurity and safety. To be honest, this is quite
a strange result as in business, finance and banking recommendation systems
are used with great success. Although, on the other hand, in cybersecurity
recommendation systems are not very applicable.
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Evaluation of potential risks in relation to study specializations,
age, gender, year of study and previous schools

The next part of the survey is related to the potential risks associated with the
development of artificial intelligence. The aim of this study was to analyse the
attitudes and fears about Al among students of different study specializations, age,
gender, year of study and previous schools. Also, the correlation between the level
of knowledge of Al in a variety of contexts and students’ concerns was studied. The
questions in this part and possible responses included in the questionnaire were
defined using Likert scales to the 7-point scale. Higher scores correspond to higher
intensity of the problem. The questions are listed below.

What risks can Al bring:

1. Imposing a course of action depending on the analysis made by Al and its
recommendations;
2. Increasing threat of interference in private life. Threats to fundamental rights
and democracy;
. Negative impact on the labour market;
4. Increasing role of robots, controlled by Al and in the future threats of robots
going out of control;
5. Concurrency;
. Transparency challenges;
7. Security risks;

Bar charts of the obtained responses related to the views on Al potential risks
are shown in Figure 6.

As can be seen, respondents have the greatest fears in relation to increasing
threat of interference of Al in private life — threats to fundamental rights and
democracy. The largest number of respondents indicated a very high risk in this
question. Similarly, it can denote the intensity of fear regarding security. Here
again, a large number of respondents indicated the highest values. On the other
hand, to the question concerning the role of robots, controlled by Al and possibility
that in the future robots will go out of control respondents did not show such
a significant concern. Practically, equal numbers of students indicated each value
from the answer scale. For the remaining questions, rather, respondents mostly
indicated the middle value on the scale, which means rather their neutrality towards
the threat.

98]
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Figure 6. Bar charts of the responses obtained related to Al potential risks

Statistical tests were performed in order to test the significance of differences
in the results — attitudes towards various threats — obtained for groups defined by
study specialization, age, gender, year of study and previous school (each issue
was considered separately). All the results examined are for the ordinal variable.
The Mann-Whitney test was used to detect differences in the two independent
samples defined by field of study and gender. The results obtained are presented in
Table 7: sum of ranks across groups and p-value. There are statistically significant
differences in the results obtained for two aspects studied; Imposing a course of
action depending on the analysis made by Al and its recommendations; Increasing
role of robots, controlled by Al and in the future threats of robots going out of
control — questions 1 and 4 — in the groups defined by both study specialization
and gender. Additionally, comparative box-whiskers charts for the responses to
questions 1-7 grouped by specialization (Figure 7) and gender (Figure 8) were
made. As can be observed, the values of the responses for the question 1 are
much higher for computer science specialty students than for education specialty
students. This means that computer science students are much more concerned
about the threat of imposing a course of action depending on the analysis made by
Al and its recommendations than education students. This confirms hypothesis H7.
For question 4, the situation is quite opposite. Here, education students are more
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concerned about the threat of increasing role of robots, controlled by Al and in the
future threats of robots going out of control than computer science students. Similar
conclusions can be drawn based on the box-whiskers charts presented in Figure 8.
However, here it is the male students who show more concern about threat 1 and
less concern about threat 4 than women. Probably this correspondence is due to
the fact that significantly more women are studying in the specialty of education.
There were only 7 women in computer science specialization who took part in the
questionnaire, the remaining 54 were men. Thus, the results obtained for groups
defined by gender are probably also related to the specialization of students.
In reality, the probability of robots going out of control is low, and presumably the
awareness of this is linked to the greater knowledge of Al issues that computer
science specialty students have.

Table 7.
The Mann-Whitney test results for potential risks and groups defined by study
specialization and gender

Groups defined by the study

specialization: education and computer Groups defined by gender: male

science and female
Question Srl;r:ch)ffglre Sum of the Sum of Sum of
science

1 3604 1752 0.004 3278 2078 0.002
2 3249 2107 0.608 2883 2473 0.623
3 3237.5 2118.5 0.663 3003.5 2352.5 0.198
4 2683.5 2672.5 0.001 2348 3008 0.002
5 3045 2311 0.396 2801 2555 0.966
6 3254 2102 0.584 2894.5 2461.5 0.570
7 3030 2326 0.342 2689 2667 0.434

In the next stage of the study, the Kruskal-Wallis tests were performed to test
the significance of differences in the results for groups defined by age, year of study
and previous school (in each case the number of groups was greater than 2). The
results obtained group size, group rank mean, p-value and test statistic value are
presented in Table 8. Significant results are shown in bold. As can be seen, age and
type of previous school have little influence on the Al-related anxiety. In contrast,
the year of study has a significant impact on various types of Al related fears.
A comparative box-whiskers charts for the responses to questions 1-7 grouped
by year of study (Figure 9) were made. As can be observed, the greatest anxiety
in relation to all investigated aspects — questions 1-7 — is felt by first and fourth-
year students. In contrast, the lowest level of anxiety about the impact of Al is felt
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by second and fifth-year students. This confirms hypothesis H8. The explanation
we find for this phenomenon is that first-year students in both bachelor’s and
master’s programs feel the biggest concern (the fourth year of study is the first
year of master’s studies). Considering question 1 where grouping in terms of
previous school had a significant impact on the differences in results, it can be
concluded that students who previously graduated from a technical university or
technical secondary school consider this risk as more significant than students who
previously graduated from a general secondary school or university. So, it can be
concluded that for students with more technical knowledge, the issue of imposing
a course of action depending on the analysis made by Al and its recommendations
is more likely to occur.

Table 8.
The Kruskal-Wallis test results for potential risks and groups defined by age, year
of study and previous school

Groups defined by age

<19-21> <22-25> <26-30> >30
n 33 55 10 5
Question Rank avg and results
1 43 55 64 57
H(4,103)=5.367; p-value=0.147
2 51 53 64 31
H(4,103)=4.541; p-value=0.209
3 46 56 57 40
H(4,103)=3.325; p-value=0.344
4 46 54 66 43
H(4,103)=4.207; p-value=0.240
5 47 56 50 45
H(4,103)=2.456; p-value=0.483
6 46 53 63 56
H(4,103)=2.897; p-value=0.408
7 45 56 59 40

H(4,103)=4.266; p-value=0.234
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Groups defined by previous school

Technical

General

secondary school secondary school University Polytechnic
n 31 33 17 12
Question Rank avg and results
1 52 37 50 59
H(3,93)=8.084; p-value=0.044
2 51 43 41 58
H(3,93)=4.360; p-value=0.225
3 54 41 44 51
H(3,93)=3.995; p-value=0.262
4 56 47 42 32
H(3,93)=7.734; p-value=0.052
5 54 41 48 45
H(3,93)=3.732; p-value=0.292
6 50 41 50 50
H(3,93)=2.445; p-value=0.485
7 53 44 40 50
H(3,93)=3.377; p-value=0.337
Groups defined by year of study
st 2nd 3 4t 5th
n 18 19 35 23 8
Question Rank avg and results
1 60 32 53 61 50
H(4,103)=12.529; p-value=0.014
2 70 39 45 59 54
H(4,103)=13.553; p-value=0.009
3 63 34 52 62 41
H(4,103)=13.680; p-value=0.008
4 52 49 48 67 33
H(4,103)=10.478; p-value=0.033
5 67 41 46 64 37
H(4,103)=14.380; p-value=0.006
6 73 35 49 57 43
H(4,103)=16.910; p-value=0.002
7 52 38 55 60 49

H(4,103)=6.316; p-value=0.177
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Correlation analysis between feelings of anxiety toward Al
and self-assessment of Al literacy

After an analysis on the differences in feelings of anxiety toward Al by groups
specified by study specialization and year of study, an assumption arose that
fear toward Al is related to students’ knowledge of Al. Therefore, the correlation
between responses to questions on self-assessment of Al competence and the level
of anxiety toward various Al threats was investigated. Spearman’s rank correlation
coefficient was used for this purpose as we have ordinal categorical data. Table 9
shows the values of the correlation coefficient. Significant results with the level
of significance, p-value smaller than 0.05 are shown in bold.

Table 9.
The values of Spearman’s rank correlation coefficient between questions about
risk and questions about self-assessment of Al competence

Questions Questions about self-assessment of Al competence
about
potential 1* 2* 3* 4* 5* 6* 7* 8* 9*
risks
1 —-0.002 -0.087 0.105 -0.024 0.058 —-0.053 -0.100 0.036 -0.089

2 -0.111 -0.105 0.030 -0.141 0.007 0.002 -0.103 -0.121 -0.002
3 -0.125 -0.080 0.031 -0.223 -0.087 -0.106 —-0.137 -0.054 -0.097
4 -0.048 -0.112 -0.124 -0.154 0.014 -0.095 0.016 0.093 0.077
5 -0.134 -0.195 -0.063 -0.262 -0.108 -0.097 -0.101 -0.007 -0.010
6 0.054 0.028 0.087 -0.041 0.013 0.096 -0.101 -0.071 0.069
7 0.014 -0.023 0.015 0.066 0.181 0.060 0.110 0.091 0.104

Designations: 1¥ — Al supporting in programming languages (e.g. Python); 2* — Ethical and social
aspects of Al; 3* — Data Pre-processing Techniques; 4* — Knowledge Machine Learning; 5* — Deep
Learning; 6% — Natural Language Processing; 7* — Learning Analytics; 8% — Cyber security; 9% —
Recommender systems. 1 — Imposing a course of action depending on the analysis made by Al and its
recommendations; 2 — Increasing threat of interference in private life. Threats to fundamental rights and
democracy; 3 — Negative impact on the labour market; 4 — Increasing role of robots, controlled by Al
and in the future threats of robots going out of control; 5 — Concurrency; 6 — Transparency challenges;
7 — Security risks.

As can be seen, the correlation between both aspects; competence of Al and
anxiety towards Al is low. Only in four cases it turned out to be significant. This
confirms hypothesis H9. A significant correlation is between:

* Question 2* — Knowledge about ethical and social aspects of Al and Question
5 —anxiety about Concurrency with Al. A negative correlation of weak intensity
was found here. Thus, an increase in knowledge of ethical and social aspects
of Al causes on average a decrease in concurrency anxiety.
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* Question 4* — Knowledge Machine Learning and Question 3 — Negative impact
on the labour market. A negative correlation of weak intensity was found
here. Thus, an increase in knowledge of Machine Learning causes on average
a decrease in a sense of fear about negative impact on the labour market.

* Question 4* — Knowledge Machine Learning and Question 5 — anxiety about
Concurrency with Al. A negative correlation of weak intensity was found
here. Thus, an increase in knowledge of Machine Learning causes on average
a decrease in concurrency anxiety.

* Question 5* — Knowledge Deep Learning and Question 7 — Security risks.
A positive correlation of weak intensity was found here. Thus, an increase in
knowledge of Deep Learning causes on average an increase in concerns about
security risks.

The rationale for the above found correlations may be as follows. Awareness of
the social and ethical aspects of Al increases knowledge of regulations regarding
Al, thereby reducing the fear that Al could compete with humans. Knowledge
about machine learning models increases relevance in the job market and gives
awareness of what aspects/tasks Al modules can really be applied to. Thus, it
reduces the fear of lack of jobs as a consequence of Al occupying them and reduces
the fear of competiting with Al. A good knowledge of deep learning issues gives
an awareness of the capabilities of this tool and thus awareness how it can be used
in the context of cybersecurity. Therefore, it increases concern about this issue.

Discussion

In the paper, nine different hypotheses were posed. Extensive statistical
hypothesis testing and correlation analysis were carried out. The following
hypotheses were able to be fully or partially proven:

[. Computer science students have a higher level of Al competence than
education students. This hypothesis has only been proven for skills relating
to programming languages supporting Al. In all other AI competences
studied, no significant differences in competence levels in groups defined
by faculty were observed.

II. Students who have completed engineering technical studies (Bachelor’s
degree) have a higher level of Al competence than, students who are just
after high school. This hypothesis could only be proven for the skills
concerning Knowledge Discovery. It was indicated that, in fact, students who
graduated with a bachelor’s degree from a technical university had higher
competences in this area. In all other Al competences studied, no significant
differences in competence levels were observed.
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I1I.

IV.

VIIL.

Students in their fifth year of study have higher Al competences than students
in earlier years of study. This hypothesis has been fully proven. For four
different Al competences (Al supporting in programming languages, Data
Preprocessing Techniques, Machine Learning and Recommender systems)
there are statistically significant differences in the level of competence in
groups defined by the year of study, with the fifth-year students showing
the highest level.

Computer science students are more aware of the possibilities and
applications that Al brings than education students. This hypothesis has been
fully proven using the statistical tests. In all studied aspects of Al application
there are statistically significant differences in the results, computer science
students rated Al capabilities higher than education students.

Students in their fifth year of study have lower concerns, fear about Al
development than students in earlier years of study. This is due to greater
experience and knowledge of these students. This hypothesis has been fully
proven. Virtually in all aspects studied, a statistically significant differences
in results related to the Al concerns of students of different years of study
was confirmed. The boxplot charts clearly show that it is the fifth-year
students who show the lowest level of concern.

Certain regularities that seemed reasonable have not been demonstrated. The
predicted correlations are not covered by the data. Hypotheses that could not be
confirmed:

V.

VL

VIL

Fifth-year students have a higher awareness of Al possibilities and appli-
cations than students in earlier years of study. Although it was shown that
there was a statistically significant difference in the ratings of the importance
of Al in the four application areas studied. However, it was not only the
fifth-year students who rated Al capabilities the highest. Often, it was the
first-year students who assigned higher ratings. This is probably related to
an initial fascination with Al issues more than knowledge of the subject.
Awareness of Al possibilities and applications increases proportionally to
the level of Al competence. The higher the students’ Al competence, the
more they appreciate the possibilities of Al. On the other hand, a statistically
significant positive correlation was shown to exist in eight out of one hundred
and eight relationships tested between Al competence and awareness of Al
use. However, firstly these correlations are of weak intensity, secondly, also
in eight cases a significant negative correlation was discovered (this applies
to competences in Learning Analytics; Cyber security; Recommender
systems). Therefore, this hypothesis cannot be confirmed.

Computer science students have less concern, fear about the development
of Al than education students. In two out of the seven hypotheses tested, we
obtained a significant difference in the level of concern towards Al issues
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between students of different faculties. However, in case of “increasing
role of robots, controlled by Al and in the future threats of robots going out
of control” computer science students had less concern, but in the case of
“imposing a course of action depending on the analysis made by Al and its
recommendations” they had more concern than education students.

IX. The increase in Al competence influences a calm attitude towards Al
and a decrease in fear of Al development. In only three out of the sixty-
three correlations tested statistically significant negative correlations
were confirmed. Furthermore, the correlation is of weak intensity. The
competences that influence a small but significant reduction in the level
of concern are Ethical and social aspects of Al and Knowledge Machine
Learning. However, in the overwhelming number of cases, an increase in
competences does not affect the reduction of concerns towards Al.

The final model showing the confirmed relations between the studied concepts
is presented in Figure 10.

Prior knowledge -
students’ specialization
of education

Al awareness of
possibilities of Al

Al skills - level of Al Prior knowledge -

engineering or
competence g g

technical bachelor

Prior knowledge -
students’ year of study

Figure 10. Six factors final model and investigated relations
Source: Own work based on Asghar, Minichiello, & Igbal, 2022.
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Based on the results, much attention should be paid to learning about Al issues
for computer science and education students. The competence of students is low. It
is worrying that there is no significant correlation between the extent of competence
and awareness of Al applications and capabilities. Here there indeed remains a large
field of work for university teachers. It is encouraging that students in their fifth
year of study already have a greater awareness of the possibilities of using Al issues
and have a positive attitude towards them. Thus, the greatest emphasis is placed on
Al-related education in the fifth year of study. Arguably, it should be strengthened
in the earlier years of study. However, students are mostly aware of Al’s impact
on the ethical aspects of life and are aware of the risks, so they will likely be able
to recognize the school potential negative impacts of Al in their life. The natural
conclusion is that if they can recognize it, they will also be able to respond to it. The
main recommendations are to strengthen the education related to Al capabilities
and competence in prematurely years of study.

Conclusions

In conclusion, it is possible to emphasize some of the findings regarding the
attitudes of I'T and pedagogy students to the educational, social and ethical aspects
of Al implementation, as well as their competence in Al. Their self-assessment
has shown an unsatisfactory level in the main areas of Al, while at the same time
the students’ attitude towards the prospect of using Al in some social areas was
positive. Among the grouping conditions examined, it can be seen that the year
of study has the greatest influence. We notice a regularity that students in the first
and fifth year of studies rate the possibilities of using Al for people, education,
economy and management and computer science higher than students in the
second, third or fourth year of study. This may be related to an initial fascination
with Al issues in the first year of study and the greatest knowledge about the
possibilities of Al in the fifth year of study. Their interest in the topic is the
motivation for the development of a platform and courses in the research area
for students to deepen their knowledge and use it in their education and future
professional career, which is what the FITPED-AI project serves, partly described
in Skalka, & Drlik (2022), and Smyrnova-Trybulska, Skalka, & Drlik (2023). Other
experiences and achievements may also be taken into account. The authors of the
study (Larionov, et al., 2022) analyse digital trends in the development of higher
education. The transition from a quantitative state of digitalization to a qualitative
one is noted, associated with the introduction of artificial intelligence, blockchain,
and work with large databases into education (Larionov, et al., 2022). The next
study explores the prospects for improving the scientific and educational system
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based on innovative methods of education using neural network technologies, the
need for a transition to online education with integrated systems of natural and
artificial intelligence (Akhmetshin et al., 2020). The researchers (Huang et al.,
2023) described an interesting study, concerning applying Al-enabled personalized
video recommendations to stimulate students’ learning motivation and engagement
during a systems programming course in a flipped classroom setting and some
research results (Huang, Lu, & Yang, 2023). The Project FITPED-AI will create
high-quality educational resources in a user-friendly online virtual environment to
respect privacy and ethical standards. The chosen strategy of inclusion and diversity
implemented in a virtual learning environment enables education for disabled
users through created digital courses and resources. Any number of repetitions is
allowed during learning, and educators are positively motivated to achieve partial
goals. At the same time, the created educational content will be freely available
via the Internet for those interested, regardless of cultural, social, geographical or
economic barriers (Smyrnova-Trybulska, Skalka, & Drlik, 2023).
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Matgorzata Przybyta-Kasperek, Eugenia Smyrnova-Trybulska, Piet Kommers
Czynniki warunkujace postrzeganie sztucznej inteligencji przez studentow
Streszczenie

Sztuczna inteligencja (Al) jest obecnie jednym z wazniejszych i wspotczesnych kierunkow
rozwoju nauki w kontekscie interdyscyplinarnym. Podejscie UE do sztucznej inteligencji koncentruje
si¢ na doskonatosci i zaufaniu, majac na celu zwigkszenie potencjatu badawczego i przemystowego
przy jednoczesnym zapewnieniu bezpieczenstwa i praw podstawowych (Europejskie podejscie do
sztucznej inteligencji). Wzmocnienie wspierania doskonatosci w dziedzinie sztucznej inteligencji
wzmocni potencjal Europy w skali globalnej. Jednoczesnie nie rozwigzano jeszcze wielu wyzwan
i kwestii. Problemem poruszonym w artykule jest zbadanie i przeanalizowanie podej$cia studentow
informatyki i pedagogiki do edukacyjnych, spotecznych i etycznych aspektow wdrazania sztucznej
inteligencji. Celem jest odkrycie i analiza postaw studentow informatyki i pedagogiki wobec eduka-
cyjnych, spotecznych i etycznych aspektow wdrazania sztucznej inteligencji. O wypetnienie ankiety
poproszono studentéw dwoch wydziatéow Uniwersytetu Slaskiego w Katowicach. Byli to gtownie
studenci dwoch specjalnosci — informatyki 1 pedagogiki. W badaniu wzi¢to udziat 103 studentow.
Do weryfikacji wykorzystano testy Kruskala-Wallisa. Glownymi badanymi zagadnieniami byt po-
ziom kompetencji studentow w zakresie Al, ich $wiadomos¢ zastosowan Al w r6znych dziedzinach
zycia i gospodarki oraz znaczenie dziedziny Al. Badanie obejmowato réwniez poziom zaufania
do Al oraz poziom Igku wobec Al. Zbadano réznego rodzaju zaleznosci i powigzania migdzy tymi
aspektami. Hipotezy zostaly w wigkszosci potwierdzone. Na koniec artykutu przedstawiono dyskusje¢
i glowne wnioski.

Stowa kluczowe: Sztuczna inteligencja (Al), aspekty edukacyjne, spoteczne i etyczne, studenci
informatyki i pedagogiki, opinia, testy Kruskala-Wallisa

Matgorzata Przybyta-Kasperek, Eugenia Smyrnova-Trybulska, Piet Kommers
Factores que causando en la opinion de los estudiantes sobre la inteligencia artificial
Resumen

La Inteligencia Artificial (IA) es actualmente una de las direcciones mas importantes y contem-
poraneas del desarrollo de la ciencia en un contexto interdisciplinar. El planteamiento de la UE en
materia de inteligencia artificial se centra en la excelencia y la confianza, con el objetivo de impulsar
la investigacion y la capacidad industrial, garantizando al mismo tiempo la seguridad y los derechos
fundamentales (Un planteamiento europeo de la inteligencia artificial). Reforzar el fomento de la
excelencia en IA fortalecera el potencial de Europa para competir a nivel mundial. Simultaneamente,
ann no se han resuelto muchos retos y problemas. El problema planteado en el articulo consiste en
explorar y analizar la actitud de los estudiantes de informatica y educacion ante los aspectos edu-
cativos, sociales y éticos de la aplicacion de la IA. El propdsito es descubrir y analizar la actitud
de los estudiantes de informatica y pedagogia hacia los aspectos educativos, sociales y éticos de la
implementacion de la IA. Se pidio a los estudiantes de dos facultades de la Universidad de Silesia
en Katowice (Polonia) que respondieran a una encuesta. Se trataba principalmente de estudiantes
de dos especialidades: Informatica y Pedagogia. Se encuestd a 103 estudiantes. Para la verificacion
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se utilizaron las pruebas de Kruskal-Wallis. Las principales cuestiones estudiadas fueron el nivel
de competencia de los estudiantes en IA, su conocimiento de las aplicaciones de la IA en diversos
ambitos de la vida y la economia, y la importancia del campo de la IA. El estudio también incluyo
el nivel de confianza hacia la IA y el nivel de ansiedad hacia la IA. Se investigaron varios tipos de
dependencias y conexiones entre estos aspectos. Las hipotesis se confirmaron en su mayoria. Por
ultimo, el articulo presenta la discusion y las principales conclusiones.

Palabras clave: Inteligencia Artificial (IA), aspectos educativos, sociales y éticos, estudiantes
de informatica y educacion, opinion, pruebas de Kruskal-Wallis

Maunroxara [Tmm6suta-Kacnepex, EBrenns CmupHoBa-TpuOynsckas, [Tut Kommepe
DakTophl, 00ycJaBIANBAIOIINE B3IVISAbI CTYIEHTOB HA MCKYCCTBEHHbII MHTEJIEKT
AHHOTAUHA

HUckyccrBennslit naTemutekT (UM) B HacTosmee BpeMs SBISIETCS OTHUM U3 HanOOIee BaKHBIX
1 COBPEMEHHBIX HANPaBIECHUH Pa3BUTHUS HAyKH B MeXAUCHUIITHHApHOM KoHTekcTe. [logxon EC
K UCKYyCCTBEHHOMY MHTEJUIEKTY OCHOBAH Ha COBEPIIEHCTBE U JIOBEPHUHM, HANIPABJIEH Ha MOBBIIICHUE
HCCIIEIOBATEHCKOTO U MPOMBIIIJIEHHOTO OTEHIHAaa PU 00eCcIIeueHuH 0e30MacCHOCTH U OCHOBHBIX
npas (EBponeiickuil moaxon K UCKyCCTBEHHOMY MHTEJUICKTY). YKpEIUICHHE IEPELOBOro OIbITa
B 00JTaCTH NCKYCCTBEHHOTO MHTEIUIEKTA YKPEIHT MOTeHIHal EBporrs! B T1106abHOM KOHKYPCHITHH.
OHOBPEMEHHO € TUM €IIe He PEIICHBl MHOTHE BBI30BBI M BOIPOCHL. [Ipobnema, mogusTas B cTa-
ThE, 3aKTIOYAETCS B N3YUYEHNH U aHAJIN3€ OTHOIICHUS CTYAEHTOB (DaKyIbTETOB KOMITBIOTEPHBIX HAYK
1 HayK 00 00pa3oBaHNH K 00pa30BaTEIbHbIM, COLMAIBHBIM M STHYECKUM acrekTaM BHeapeHus M.
Llesb — BBISIBUTH M NIPOAHAIM3UPOBATH OTHOIICHHE CTYICHTOB HHCTUTYTA KOMIIBIOTEPHBIX HAYK U HAayK
00 00pazoBanuH (OyIyIIUX TIEArOrOB) MEIArOTUKH K 00pa30BaTEIbHBIM, COIIMATBHBIM U ATHYCCKUM
acriektam BHeznpenus M. Crynentam aByx ¢axynasTeTroB Cruiesckoro yauBepcurera B KaroBumax
(ITomp1a) OBLIO MPEATIOKEHO OTBETHTH HA BOTIPOCH! aHKETHL. B OCHOBHOM 3TO OBUIN CTYICHTHI IBYX
CHeNUaNbHOCTEH — KOMITBIOTEPHBIX HAYK U Meparoruku. Beero 6puio onpomeno 103 crynenta. s
IIPOBEPKH HCIIOIB30BaAINCE TecThl Kpyckana-Yomanca. OCHOBHBIMH M3y4aeMbIMH BOIIPOCaMH ObUTH
yYpOBEHb KOMIIETEHTHOCTH CTYJCHTOB B obnactu MU, ux ocBenomieHHOCTh 0 npuMeHennn VI
B Pa3JIMYHBIX 00JIACTSIX )KU3HU U IKOHOMHUKH, a TaKoke BaXHOCTH obnactu MU. ccnenoBanne Takxe
BKJIIOYAJIO YPOBEHb yBEPEHHOCTH B oTHomeHnu VI n ypoBeHs TpeBoxkHOCTH B oTHOmeHUH M.
bbun uccaenoBaHel pa3nnyHble BUIBI 3aBUCUMOCTEH U CBA3EH MEX Iy STUMU aceKTaMu. ['unoresst
B OCHOBHOM TIOATBEPANIHICE. B KOHIIE CTaThby MpeCTaBIEHBI 00CYKIECHHE 1 OCHOBHBIE BHIBOJBI.

Knrmouessre cuoBa: MckyccrBennsiit naresrekt (M), obpa3oBarenbHble, CONNAIbHBIC U OTH-
YeCKHe acIeKThl, CTyACHTHI (paKylIbTeTOB HHPOPMATHKH U HAyK 00 00pa30BaHUM, MHEHHE, TECTHI
Kpyckana-Yomiuca
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Reimagining Online Academic Conferences:
The Promise of Social Virtual Reality for the Return
of Co-Presence

Abstract

New technologies and societal shifts are profoundly influencing communica-
tion and conducting meetings. Over the past few years, the number of online con-
ferences has increased. The body of literature indicates that online events allow for
cost and social inequalities reduction. Despite this, they also present challenges in
non-verbal communication, and diminish the sense of co-presence, thus affecting
networking. Current academic discussions on the advantages and limitations of
organizing remote academic conferences are typically confined to those conducted
via video-conferencing systems. The aim of this research is to explore the potential
of virtual reality (VR) technology and social VR platforms as alternative methods
for organizing online academic conferences. The authors present the course of
one of the first academic conference conducted entirely in social VR (Wirtualium
2.0), along with the survey outcomes regarding the potential of this environment
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for hosting academic conferences. Our findings indicate that, compared to video-
conferencing systems, social VR platforms offer for most participants a higher
sense of co-presence, facilitating networking and engagement in informal conversa-
tions. In this context, the identified limitations of social VR platforms encompass
limited device accessibility, technical challenges, and impediments to efficient
note-taking. Nonetheless, the majority of users consider social VR as suitable for
hosting academic conferences. This suggests that even though academic events
via social VR platforms encounter technical challenges and will not be the same
as in-person conferences, they should exploit the potential of VR technology to
achieve what is unattainable in a physical setting.

Keywords: Virtual Reality (VR), social virtual reality (social VR), co-presence,
online academic conference, Spatial, networking

Academic conferences play an essential role in advancing science, primarily by
providing opportunities for knowledge exchange (Mulders & Zender, 2021, p. 1;
Edelheim et al., 2018, p. 12) and for establishing new connections, which can lead
to new scientific collaborations (Edelheim et al., 2018, p. 13).

In recent years, there has been a marked increase in the frequency of academic
conferences organized remotely (Roos et al., 2020, p. 5). The COVID-19 pandemic
played a key role in accelerating this trend (Bray et al., 2022, p. 1). However,
despite the possibility of resuming in-person conferences, many organizers have
chosen to continue their events online due to the numerous benefits of remote
events (Roos et al., 2020; Bray et al., 2022). The most commonly used tools for
organizing remote conferences are video-conferencing systems (VCS), such as MS
Teams, Zoom, Google Meet, Skype, Webex, and others (Chessa & Solari, 2021,
p. 1). During these events, participants have the opportunity to present papers and
participate in virtual poster sessions via the Internet (Roos et al., 2020, p. 5).

As online events become more and more popular, the academic debate about
the advantages and limitations of organizing academic conferences remotely is
intensifying (e.g., Bray et al., 2022; Roos et al., 2020; Lortie, 2020; Sa et al., 2019;
Niner & Wassermann, 2021). Although more publications are addressing this sub-
ject, most focus only on video-conferencing systems (e.g., Roos et al., 2020; Bray
et al., 2022; Lortie, 2020), neglecting less-known methods. Therefore, this article
seeks to elucidate the potential of social virtual reality (social VR) platforms and
virtual reality (VR) technology for organizing an academic conference, compar-
ing them to video-conferencing systems. For this purpose, the authors present an
evaluation of one of the first academic conferences held entirely in social VR (the
Polish academic conference Wirtualium 2.0) and provide outcomes of the survey
about participants’ perspectives on social VR and its potential for organizing aca-
demic conferences.
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Strengths and limitations of online academic conferences

One of the most commonly highlighted advantages of online conferences is
their cost-efficiency for both organizers and attendees (Roos et al., 2020, p. 11;
Bray et al., 2022, p. 4; Lortie, 2020, p. 2; Sa et al., 2019, p. 6). Conducting events
remotely eliminates the need to rent venues and provide catering (Roos et al., 2020,
p- 11). The reduced expenses often enable organizers to lower or even waive reg-
istration fees (Bray et al., 2022, p. 4), thereby enhancing conference accessibility.
Moreover, participants in online conferences save on travel and accommodation
costs (Saetal., 2019, p. 8; Niner & Wassermann, 2021, p. 10). This proves benefi-
cial for individuals unable to attend physical events due to geographical barriers or
constraints such as financial limitations, health concerns, or family commitments
(Saetal., 2019, p. 8-10; Roos et al., 2020, p. 6). Additionally, the elimination of
conference trips contributes to the reduction of carbon dioxide emissions, positively
impacting the environment (Niner & Wassermann, 2021, p. 3). Furthermore, the
absence of travel-associated exhaustion ensures that attendees can avoid jet lag,
enhancing their well-being throughout the conference (Bray et al., 2022, p. 3).

The virtual format of events enables participation from a more diverse and
global audience moving beyond the confines of the local academic community
(Lortie, 2020, p. 6; Bray et al., 2022, p. 3). This has the potential to reduce inequali-
ties stemming from factors such as gender or ethnic origin (Sa et al., 2019, p. 11;
Bray et al., 2022, p. 1). Online academic conferences enable effortless recording
and archiving of participants’ presentations, enriching the open access collections
of educational materials (Lortie, 2020, p. 6) and allowing for revisiting the shared
materials later. However, organizing academic conferences remotely also carries
the risk of technical problems or lack of access to suitable equipment for some
participants (Roos et al., 2020, p. 12; Niner & Wassermann, 2021, p. 10).

On the one hand, the remote form of an academic conference enables partici-
pants to join from any location via the Internet, tailored to individual needs and
available time (Niner & Wassermann, 2021, p. 8). On the other hand, the familiar
environment and household duties can easily distract participants, making it dif-
ficult to actively participate in the event (Sa et al., 2019, p. 9).

Greater anonymity of participants in remote conferences compared to in-person
conferences has dual consequences. It can facilitate communication for shy and
introverted individuals (Raby & Madden, 2021, p. 4). On the other hand, a dimin-
ished sense of other participants’ presence can hinder networking and informal
interactions (Roos et al., 2020, p. 12) and decrease participant engagement (Raby
& Madden, 2021, p. 6). Limiting networking and informal interactions is one of the
biggest and most frequently cited disadvantages of academic conferences organized
through video-conferencing systems (Roos et al., 2020, p. 12; Bray et al., 2022, p. §;
Holly & Wassermann, 2021, p. 6; Raby & Madden, 2021, p. 6; Sa et al., 2019, p. 8).
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A significant problem that arises during online conferences is participants’
issues with concentration. As Sa et al. write: “Too easy to be distracted by work,
home, and all the other daily routines — unless you lock yourself'in a closet” (2019,
p. 9). Video-conferencing systems inherently pose limitations in the means of ex-
pression they offer (Raby & Madden, 2021, p. 4) There is a perceived lack in the
availability of non-verbal communication or the ability to see the reactions of each
of the attendees (Sa et al., 2019, p. 9). The issue of participants not turning on their
cameras during a conference means it is indiscernible whether they are genuinely
present during discussions (Bray et al., 2022, p. 8). Some video-conferencing sys-
tems often have built-in time restrictions, especially if organizers or delegates are
using the free version of the software.

Numerous studies highlight the zoom fatigue effect (e.g., Bailenson, 2021;
Nesher Shoshan & Wehrt, 2022; Fauville et al., 2021). The increased cognitive
effort required to maintain concentration during a conference organized through
video-conferencing systems results in a feeling of amplified fatigue after the event
(Raby & Madden, 2021, p. 5).

The use of social VR and VR technology
to conduct academic conferences

Social VR represents a new generation of multi-person platforms designed
to facilitate user interaction within computer-generated 3D virtual environments
using personalized avatars (digital representations of individuals). Distinguishing
itself from previous collaborative virtual environment platforms, such as Second
Life and OpenSimulator, social VR applications allow for the use of immersive
head-mounted displays (HMD; McVeigh-Schultz et al., 2019, p. 1), which are the
most common type of VR technology.

Typically, social VR platforms consist of collections of virtual worlds created
by the users themselves (e.g., VRChat, Spatial, Mozilla Hubs). These emerging
platforms can serve users both as places for activities related to daily human ex-
istence (e.g., meetings, work, learning, social games, travel), and as venues for
hosting collective events (e.g., academic conferences, music festivals, community
gatherings).

In recent years, social VR platforms have emerged as new venues for hosting
academic conferences. In 2020, an academic conference conducted in German lan-
guage, VRARBB@Social VR, was organized on the AltspaceVR platform (Mulders
& Zender, 2021). In the same year, the /EEEVR 2020 — Conference on Virtual
Reality and 3D User Interfaces took place on the Mozilla Hubs platform. During
this event, a space was created for the collective viewing of paper presentations,
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and a session of four posters was conducted (Le et al., 2020). In 2022, part of the
subsequent edition of the /JEEEVR 2022 — Conference on Virtual Reality and 3D
User Interfaces took place on the Virbela platform. In 2022, the first edition of the
Polish-language academic conference Wirtualium was hosted on the AltspaceVR
platform, and in 2023 the second edition of this conference — Wirtualium 2.0 — was
held on the Spatial platform, detailed proceedings of which are elaborated in the
subsequent section.

During conferences in social VR, users are in virtual rooms that typically re-
semble conference rooms from the physical world, where they can move freely via
their avatars. This structure allows for informal discussions between participants
in smaller groups, as was observed during the VRARBB@Social VR conference
(Mulders & Zender, 2021, p. 3—4). Evaluative research conducted after this con-
ference indicates that the structure of virtual rooms can influence participants’
assessment of their suitability for interpersonal interaction (Mulders & Zender,
2021, p. 4). As Catlin Pidel and Philipp Ackermann have noted, ,,virtual reality
conferencing affords more social interaction than video conferencing, such as the
ability to organically break off into small groups, or interacting with virtual objects
in the scene” (2020, p. 3).

Participant behaviors in space, like changes in interpersonal distances, are an
inherent part of non-verbal communication, which, in contrast to VCS, can occur on
social VR platforms (Li et al., 2021, p. 1). Proximal behaviors of users also relate
to another non-verbal cue — the gaze, an important element of communication in
social VR (Wei et al., 2022, p. 4). When social VR users utilize HMDs, movements
of their physical body synchronize with the movements of their avatar visible in the
virtual space. A directed gaze towards another person becomes visible in the virtual
space through the avatar’s movement. Similarly, HMD users can make a gesture,
and for some devices with additional tracking systems, users’ facial expressions can
also be synchronized in this way (Wei et al., 2022, p. 4). Some social VR platforms
(e.g., Spatial, VRChat) allow for other non-verbal messages, such as emoji icons
appearing above the avatars’ heads or markers enabling real-time sketching in space
(Wei et al., 2022, p. 6). This contributes to the fact that communication in social
VR, compared to VCS, ,,shows the most similarities to offline face-to-face, in terms
of spatial behavior, hand behavior, and facial expressions” (Wei et al., 2022, p. 6).

Avatar-mediated communication in social VR offers rich non-verbal commu-
nication and provides users with a sense of partial anonymity. This can facilitate
communication for shy and introverted individuals (Wei et al., 2022, p. 6). It also
has the potential to reduce biases based on appearance, enhancing the comfort
of women by decreasing the likelihood of them feeling judged purely based on
appearance (Campbell et al., 2021, p. 15). It is hypothesized that this effect may
similarly benefit men, however further research in this area is needed. Furthermore,
users in social VR experience a higher sense of social presence compared to VCS
(Wei et al., 2022, p. 6).
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However, inclusivity cannot be found in all aspects of social VR. While, in
theory, every user can create their own avatar representation, some creators (e.g.,
Ready Player One) have built-in limitations regarding available templates. This
leads to underrepresentation of certain groups, such as individuals with disabili-
ties or obesity. Further changes are necessary to make social VR accessible for all
interested individuals.

A significant limitation for social VR is the availability of HMDs. Conse-
quently, some social VR platforms (such as VRChat, Spatial, Virbela, Mozilla
Hubs) also allow users to use other devices: computers, laptops, tablets, or phones.
In the evaluation questionnaire after the academic conference /EEEVR 2020, 5 out
of 26 respondents declared that they used HMDs (Le et al., 2020, p. 490). In the
subsequent edition, /EEEVR 2021, “most people accessed Virbela from a desktop,
while 16.3% reported experimenting with HMDs and small percentage (4,6%) used
a VR headset all the time” (Moreira et al., 2022, p. 1918). In the evaluative study
after the VRARBB@Social VR conference, 76% of respondents declared that they
used HMDs during the conference (Mulders & Zender, 2021, p. 1).

Using social VR only with desktop devices can limit the possibilities for user
interaction in the virtual environment and non-verbal communication. Although
desktop users can freely move their avatar around virtual rooms and turn towards
other users, they are not able to freely communicate non-verbal messages in real-
time, as users with HMDs. Some social VR platforms (e.g., VRChat, Spatial)
allow desktop users to activate avatar animations (e.g., applauding, thumbs up,
smiling) to express non-verbal messages. The results of Chessa & Solari’s (2021,
p. 11) study, conducted in the context of university classes, indicate that even users
without HMDs in social VR (in this case on the Mozilla Hubs platform) might feel
a stronger sense of presence compared to VCS.

On the one hand, HMDs limit the influx of distractions from the physical world,
which can lead to increased focus on communication contents (Le et al., 2020,
p. 492). On the other hand, a prolonged use of HMDs can lead to discomfort and
fatigue (Mulders & Zender, 2021, p. 5; Wei et al., 2022, p. 6), which is a significant
drawback of this technology.

Another advantage of social VR platforms include possible interactions with
3D objects (Mulders & Zender, 2021, p. 5; Wei et al., 2022, p. 6), which, for in-
stance, can augment presentations prepared by speakers and provide opportunities
for organizing innovative entertainment (e.g., social games) or networking activi-
ties during conferences (Moreira et al., 2022, p. 1910-1911).

It is worth noting that users rate social VR platforms as more challenging to use
than VCS (Wei et al., 2022, p. 6). Similar to other conferencing tools, significant
issues with social VR platforms arise from internet connection quality and software
errors (Mulders & Zender, 2021, p. 5; Le et al., 2020, p. 486).
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Wirtualium 2.0 — academic conference on the Spatial platform

The aim of this section is to describe the proceedings of the academic confer-
ence, Wirtualium 2.0, which took place on May 26-27, 2023. It was organized by
several Polish academic student groups, including Sekcja Filozofii Techniki KNSF
from Jagiellonian University, and both Koto Naukowe Architektow Informacji and
Koto Naukowe Kognitywistyki from Maria Curie-Sklodowska University. Addition-
ally, Academia Electronica was involved in the organization. To the best of the
authors’ knowledge, this conference was the first academic conference in the world
to be held on the Spatial platform and one of the first academic conferences entirely
conducted in social VR. The previous edition of the conference, titled Wirtualium
1.0, took place on June 4th, 2022, on the AltspaceVR platform. To the authors’
knowledge, it was the first academic conference in Poland organized entirely on
social VR platform.

The conference theme revolved around interdisciplinary research in virtual
reality. The language of the conference was Polish. Participation was free of charge
for both speakers and attendees. During the conference, there were 23 speakers’
presentations, 4 expert lectures, and 1 discussion panel. 196 people registered for
the conference using the attendee registration form. At its peak, the conference was
attended by 75 people — during the opening lecture. We do not have statistics on
the number of unique users who participated throughout the conference, but we
estimate that a total attendance ranged from 90 to 100 individuals.

The conference was organized using the Spatial platform — a social VR plat-
form established in 2016, accessible via web browsers, mobile applications, and
HMDs (Meta Quest 1, Meta Quest 2). Spatial features an integrated avatar creator
(which allows for customization of the users’ digital representations) and is syn-
chronized with the Ready Player Me tool, enabling users to use the same avatar
across multiple social VR platforms. The key features of the Spatial platform in the
context of holding an academic conference include: a built-in text chat, an exten-
sive system for animating non-verbal avatar messages for users of the browser ver-
sion and mobile application (e.g., clapping animation, thumbs up, dancing, emojis
appearing over the avatar), a screen-sharing system in the browser version, a user
management system (e.g., the ability to send users to the audience, block and ban
users), as well as a virtual space editor and space templates. Spatial also allows for
sharing a webcam video over an avatar and real-time translation, however, these
features were not employed during the Wirtualium 2.0 conference.

The conference was held in the virtual auditoriums of Academia Electronica
(AE). AE is a Polish academic and educational center operating in virtual reality,
founded by Sidey Myoo in 2007 on the Second Life platform (see Ostrowicki,
2022). Since 2021, AE has also been operating on social VR platforms: until March
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2023, on AltspaceVR and, since early 2023 on Spatial. AE is the venue for regular
academic classes for Polish university students and other academic events.

During the conference, the keynote speakers gave their presentations, and the
expert discussion panel was held in the Digital Beam auditorium (see Figure 1a),
which features a clear division between the stage and the audience. Additionally,
a hanging chair for the lecturer was placed on the stage. On the back of the stage,
there was a large screen where presentations were displayed. A major limitation
of the Spatial platform is that it only allows 50 users to be in one room simultane-
ously while maintaining communication among them. For this reason, in the 4gora
auditorium, a live broadcast from the Digital Beam auditorium was relayed onto an
auxiliary screen. The speakers’ presentations took place in two parallel panels in the
Fireworks auditorium (see Figure 1b) and the TV Room auditorium (see Figure 1c¢).
Both of these auditoriums maintained a clear division between the audience space
and the speaker’s stage, with a screen set up on the back of the stage to display
presentations. One of the experts, Maciej Pronkiewicz, utilized a template and
editor available on the Spatial platform to prepare his own space (see Figure 1d),
where his presentation combined with a discussion segment took place.

After each expert lecture, during the expert panel discussion, and at the end of
the speakers’ panels, conference participants had the opportunity to discuss and
ask questions using a text or voice chat. Consequently, they were deeply engaged
in discussions, often utilizing the time allocated by the organizers for this purpose
(sometimes also the time scheduled for breaks).

The organizers provided guidelines on how to use the Spatial platform and
facilitated instructional sessions for interested attendees before the conference.
Apart from a few isolated incidents, the attendees experienced no issues navigating
through the spaces where the conference was held. They transitioned seamlessly
between auditoriums using teleports. Some users encountered difficulties sitting
on some virtual chairs, potentially due to a non-intuitive interface. A few speakers
did not ascend to the stage while presenting. Several times during the conference,
the presentation display on the screen was interrupted and had to be restarted by
the speaker, possibly due to software errors or issues with the speaker’s internet
connection. During some presentations, the audio quality was subpar, likely result-
ing from the presenter’s inadequate internet connectivity.

The conference participants were encouraged by the organizers to use network
nomenclature, for instance, addressing each other by network names and omitting
official courtesy phrases. The participants partially adhered to these guidelines.
In the future, we aim to examine whether this shift can enhance interpersonal com-
munication during academic conferences.

To facilitate networking among users, the organizers invited conference par-
ticipants to a virtual campfire after the official proceedings on both the first and
second days (see Figure 1e). Those who joined the gathering expressed strong ap-
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preciation for this idea in conversations with the organizers. Nonetheless, further
research in this area is necessary.

Figure 1. Photographic documentation from the academic conference Wirtualium
2.0: a) Digital Beam auditorium, b) Fireworks auditorium, ¢) TV Room auditorium,
d) auditorium designed by the expert, e) integration by the campfire

Source: Own work.

Evaluation

In this section, we present the findings of a survey that examined the perspec-
tives of Wirtualium 2.0 conference participants regarding the potential of utilizing
social VR for organizing academic conferences. The survey questionnaire ad-
dresses the following research questions (RQ):

* RQI: What devices were used by the conference participants?

* RQ2: Do conference participants think that social VR is a suitable venue for
organizing an academic conference?

* RQ3: Do conference participants think that, during a conference in social VR,
the sense of presence of others is more strongly felt compared to VCS?

* RQ4: Do conference participants think that there are fewer distractions during
conferences in social VR compared to VCS?

* RQS5: Do conference participants think that there are fewer networking issues
during conferences in social VR than on VCS?
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* RQ6: Do conference participants think that attending a conference in social

VR is technically simpler than attending one via VCS?

The subsequent section of the article will delve into the methods and evaluation
outcomes. In the survey questionnaire, the authors opted to refrain from employ-
ing specialized terminology. The term social virtual reality was replaced with 3D
virtual environment (VE), video-conferencing system was substituted with video
communication tools and head-mounted display was replaced with VR headset.
To avoid potential misunderstandings, the examples of platforms belonging to each
respective category were provided.

Upon further reflection, we recognize potential ambiguity associated with the
term 3D virtual environment. This designation can encompass a broader range of
platforms and might not exclusively pertain to social VR, which is the primary
object of our analysis. In our case, it most likely did not affect the results, as for
86% of the respondents, Wirtualium 2.0 (conducted in social VR) was the only aca-
demic conference they attended in a 3D virtual environment. Among the remaining
respondents (N=8) who also attended other academic conferences in 3D virtual
environments: 5 indicated events in social VR, 2 did not specify the platform, and
1 mentioned both social VR and other platforms. Nonetheless, in the future, we
suggest refraining from such replacement.

Method

The responses were collected using Google Forms, and completion took ap-
proximately 5 to 10 minutes. The study was conducted in Polish. Participation was
voluntary and anonymous. Information about the opportunity to participate was
provided to Wirtualium 2.0 attendees via a post-conference email. The question-
naire consisted of 21 questions divided into 5 sections, including both close-ended
and open-ended questions. The questions covered both demographic information
and aspects directly related to the investigated subject matter. Categories in open-
ended questions were formulated inductively.

Limitations

The respondents were participants of a conference addressing the VR topic.
Since the conference was attended largely by individuals with a vested interest in
VR technology or by those who use this technology in their professional work, this
might have influenced their responses. The authors of the research were involved
in the organization of the Wirtualium 2.0 conference, which creates a risk of bias
in the interpretation and analysis of the results.
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Results

In the survey, 43 respondents (N=43) provided responses out of an estimated
90-100 unique conference attendees. At its peak, the conference was attended by 75
individuals during the opening keynote lecture. The precise data on unique partici-
pants throughout the conference are unavailable. Questions in section I. were used
to verify the minimum inclusion criterion, which was participation in the Wirtua-
lium 2.0 conference. Due to the non-fulfillment of this condition, responses from
one participant were excluded from the analysis. Most of the respondents included
in the study (N=42) were women (67.7%, compared to 33.3% men). The average
age in the group was 34 years, with ages ranging from 20 to 66 years.

Among the respondents, the majority declared they possessed higher education
(N=31, 73.8%) (see Figure 2). Only one individual had a secondary education.
23.8% of the respondents (N=10) reported an active student status within Bach-
elor’s or Integrated Master’s programs, with an equivalent percentage holding
a Master’s or Master of Engineering degree (N=10). Those with PhD or post-PhD
qualifications constituted 19% (N=8) of all respondents, while Master’s students
(N=6) and PhD candidates (N=5) accounted for 14.3% and 11.9%, respectively.
Graduates of Bachelor’s and Engineering programs constituted 4.8% (N=2) of all
respondents.

Bachelor's or Integrated Master's student
Master's graduate

PhD or post-PhD qualifications

Master's student

PhD candidate

Bachelor's or Engineering graduate

High scheool graduate

23.8% 23.8%

11.9%

Figure 2. The pie graph illustrates the level of education of the respondents

Source: Own work.

For 81% of the respondents, Wirtualium 2.0 was their first academic conference
experience within a VE (N=34). The remaining 19% (N=8) declared having prior
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experience with other VE-based academic conferences. In the open-ended ques-
tion, a majority of them (N=4) pointed to the previous edition of the Wirtualium
conference.

RQ 1. Devices Regarding the equipment utilized for conference participation,
nearly all respondents (97.6%, N=41) reported (in a closed-ended question) using
a laptop or desktop computer (hereinafter referred to as desktop users) for at least
a part of the event. For 82.9% of them (N=34), this was the sole device employed
for participation in the event.

Only one participant used exclusively VR headset for this purpose, while no
participants used only a mobile device (tablet or smartphone). Three desktop users,
constituting 7.3% of the surveyed individuals, also used VR headsets. The same
percentage of desktop users (N=3) also employed mobile devices. One respond-
ent combined the usage of all available options (laptop or desktop computer, VR
headset and mobile devices) (Figure 3).

PC or Lapt VR headset

Mobile device

Figure 3. The Venn diagram illustrates the distribution of equipment used by re-
spondents to attend the conference (https://bioinformatics.psb.ugent.be/webtools/
Venn/)

Source: Own work (with the tool https://bioinformatics.psb.ugent.be/webtools/Venn/).

Among the reasons for not using VR technology during the conference, as
reported in a semi-open multiple-choice question, the default options presented in
the questionnaire content were dominated by the lack of access to such equipment
(N=32, 86.5% of 37 respondents answering this question). Additionally, 8.1%
(N=3) selected “Want to avoid the discomfort of using a VR headset” and one
respondent chose the answer “Difficulties associated with using a VR headset”.
In the open-ended section of the question, respondents indicated technical issues
(N=2), difficulty in taking notes (N=1), incompatibility of the Spatial application
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with a specific VR headset model (N=1), and the need to perform other tasks during
the conference (N=1). A total of 88.1% (N=37) of the participants included in the
analysis provided responses to this question. As only one individual exclusively
used a VR headset during the conference, there is no possibility to compare the
influence of the employed hardware on user responses.

RQ 2. Academic social VR In response to the question of whether a VE, such
as the Spatial platform, is a suitable venue for organizing an academic confer-
ence, 38.1% of respondents answered “Strongly yes” (N=16), 42.9% “Rather yes”
(N=18), 9.5% “Rather no” (N=4), 4.8% “Strongly no”” (N=2), and 4.8% “I don’t
know” (N=2).

The majority of respondents (88.1%) answered “Strongly yes” (N=26) or
“Rather yes” (N=11) to the question of whether they would be willing to participate
in future academic conferences organized in VE-based platforms, such as Spatial.
Two individuals selected the response “Rather no” (4.8%), while three individuals
chose “I don’t know” (7.1%). No one chose the response “Strongly no” (Figure 4).

mm Strongly no Rather no I don't know Rather yes W strongly yes

Do you think that a 3D virtual environment ]
(e.g. the Spatial platform) is a suitable |
venue for an academic conference? i
Would you be willing to participate in !
other academic conferences organised |

in a 3D virtual environment (e.g. on the 3 -

Spatial platform) in the future?
100% 90% 80% 70% 60% 50% 40% 30% 20% 10% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 4. The graph illustrates respondents’ answers to the five-point Likert-scale
questions concerning their attitude towards attendance in academic conferences
in a 3D virtual environment

Source: Own work.

The respondents were asked (in an open-ended question) to specify the major
advantages of participating in an academic conference organized in a VE (e.g., on
the Spatial platform). Among the collected responses (N=41), the most frequently
indicated advantage was the avatar-mediated communication (N=11). According
to the examined individuals, avatar-mediated communication facilitated informal
interactions among conference participants, provided support for shy individuals,
and did not require sharing a webcam. As one individual stated: “When presenting
a paper, my avatar represents me, which is much more convenient than having to
adjust my real environment to the conference conditions, such as making sure no
household members enter the camera s frame during the conference. Additionally,
this type of conference gives me more time to practice my presentation before the
panels begin, as [ don 't have to spend a lot of time getting ready, doing makeup, or
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choosing the right outfit”. The respondents pointed out the benefit of gaining new
experience (N=10) related to “engaging with new technologies” and participating
in an experimental form of conference organization within the VE. The next most
commonly cited advantages were: stronger sense of presence of other conference
attendees (N=7) and experience of spatiality (N=7) compared to VCS. The sense
of presence reported by respondents was generally associated with the feeling of
being situated within a shared avatar-mediated virtual space. When discussing the
advantage of spatial experience, surveyed individuals most frequently indicated
the freedom to move around virtual rooms and spatiality of perception. Further
advantages highlighted by the respondents pertained to the visual attractiveness
of the VE (N=6) as well as convenience and availability associated with a remote
form of conference organization (N=6). Furthermore, two individuals mentioned
the possibility of using VR headset (N=2) and chat feature (N=2).

In the subsequent open-ended question, the respondents were asked to specify
the primary limitations of participating in an academic conference organized
in a VE such as the Spatial platform. Among the collected responses (N=37),
the majority of individuals indicated potential or actual ensuing technical issues
(N=19). Amid them, Internet connection-related issues were the most frequently
mentioned (N=9). Another drawback highlighted by the respondents was the
limited visibility of presentations (N=8). They also elaborated on the inability to
switch to a full-screen presentation view, and challenges associated with properly
configuring and zooming the screen view. Some mentioned that avatars of other
conference attendees occasionally obstructed the screen. A subsequent disadvantage
pointed out by the respondents pertained to personally experienced or observed
issues with navigating the virtual space using avatars (N=7). As one person com-
mented, “/ think that if someone is not often in virtual environments, they might
find it difficult to navigate in the digital world — to operate keys, move freely, and
add reactions. However, this is more a matter of habituation or practice rather
than a genuine drawback”. The respondents also reported that VEs require more
advanced hardware compared to VCS (N=5). Some mentioned that due to the
lack of a compatible VR headset, they could not fully leverage the conference’s
potential (N=3).

In a subsequent question respondents were asked to choose which type of plat-
form they considered as a better venue for hosting an academic conference. Given
the comparative nature of this question, an additional criterion for inclusion in the
analysis was set: apart from participating in Wirtualium 2.0, respondents must have
declared in the questionnaire that they had taken part in any conference via VCS.
This inclusion criterion was also applied to all subsequent questions, hence out of
42 responses, 36 were considered for this set of questions.

When choosing a better venue for organizing an academic conference, the
largest number of respondents (44.4%, N=16) declared an advantage of VE-based
platforms over VCS. In contrast, 33.3% of participants (N=12) indicated an advan-
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tage of VCS over VEs. Another 8.3% (N=3) saw no difference between the two,
and 13.9% (N=5) selected “I don t know”.

RQ 3. Co-presence The subsequent set of questions compared experienc-
es of attending academic conferences on VE-based platforms (such as Spatial,
AltspaceVR, Virbela) with those on VCS platforms (such as Google Meet, MS
Teams, Zoom).

According to 69.4% of surveyed individuals (N=25), during an academic
conference organized in a VE, the presence of other participants is more strongly
felt. A notably smaller proportion of respondents saw an advantage in this regard
with VCS (16.7%, N=6) or stated that there was no difference between the two
previously mentioned options (13.9%, N=5).

In a subsequent question, respondents were asked about the type of platform
on which they felt a stronger sense of co-presence in one place during an academic
conference. The majority of respondents (72.2%, N=26) chose VEs. Some indi-
viduals stated no difference (22.2%, N=8) while the fewest indicated an advantage
of VCS in this aspect (5.6%, N=2) (Figure 5).

Which type of platform causes fewer technical difficulties
(such as difficulties with logging in, navigating the
platform, audio and screen sharing) during an academic conference?

Which type of platform do you find to be less stressful
to speak in discussions at an academic conference?

On which type of platform is it easier to make new
personal connections during an academic conference?

Which type of platform do you find to be easier
to focus on the content of the presentations at an academic conference?

Which type of platform do you find to feel more strongly
that you are in one place with other people at an academic conference?

On which type of platform do you find to feel the presence more strongly
at an academic conference?

Platforms using 3D virtual environments
(e.g. Spatial, AltspaceVR, Virbela)
44.4 Video-conferencing systems

Which type of platform do you find to be  better place (e.g. Google Meet, MS Teams, Zoom)
doy , 2

Id an academic conference?
W= No difference

= | don't know

0 20 40 60 80
% of answers

Figure 5. The graph illustrates respondents’ answers related to the level of co-
presence, attention, ease of establishing new connections, and possibility of tech-
nical issues depending on the type of academic conferences (platforms using 3D
virtual environments or video communication apps)

Source: Own work.

RQ 4. Ease of focus For the majority of respondents (55.6%, N=20), it is easier
to focus on the content of papers presented during academic conferences when
using VCS. 11 surveyed individuals (30.5%) indicated a superiority of VE-based
platforms in response to this question, while 5 respondents (13.9%) saw no differ-
ence between VCS and VE-based platforms.

RQ 5. Networking A considerable portion of respondents (52.8%, N=19) re-
ported that they think it is easier to establish new connections during an academic
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conference in a VE. There were 10 surveyed individuals who did not perceive
a difference between VE-based platforms and VCS in this case (27.8%). 4 individu-
als selected the answer “I don’t know” (11.1%), while 3 individuals indicated an
advantage for VCS (8.3%). In a subsequent question, half of respondents (50%)
stated that taking part in discussions during an academic conference is less stress-
ful on VE-based platforms (N=16). Meanwhile, 14 surveyed individuals observed
no difference (38.9%) and 4 participants (11.1%) indicated a preference for VCS
in this case.

RQ 6. Technical issues When assessing technical issues (such as difficulties
with logging in, navigating the platform, audio and screen sharing) during an aca-
demic conference, the vast majority of surveyed individuals (86.1%, N=31) speci-
fied that they deem VCS to present fewer such difficulties. 1 participant (2.8%)
stated the advantage of VE-based platforms in this matter, whereas 4 individuals
(11.1%) claimed no difference between those two types of platforms.

Discussion

Only one in ten respondents (11.9%) used an HMD during the conference
(RQ1), marking the lowest utilization rate compared to reports from other aca-
demic conferences in social VR (refer to section 3 for details). The vast majority
of respondents (86.5%) reported lack of access to appropriate devices as the reason
for not using HMDs. This result may also be influenced by the fact that, at this
time, the Spatial platform was solely compatible with HMDs Meta Quest 1 and
Meta Quest 2. Further research on this issue is necessary, as in the future it may
partially exclude Polish researchers from participating in social VR conferences.

In open-ended questions, a new issue was identified, which is the inability to
take notes and use them while wearing an HMD (this arises due to the lack of ac-
cess to appropriate software and the inability to take notes in a physical notebook
due to the HMDs’ limitation on visibility of the physical environment). This issue
was also highlighted during the Wirtualium 2.0 conference, in the keynote lecture
by Jerzy Stachowicz.

Numerous studies indicate differences in the perception of presence, immer-
sion, and emotional responses between users of the same applications using HMDs
and flat-screen computers (e.g., Pallavicini et al., 2019; MacQuarrie & Steed, 2017;
Kim et al., 2014). Due to the small number of respondents using only HMDs during
the conference (N=1), it is not possible to analyze this difference in our case. How-
ever, based on available research, it can be hypothesized that increasing the avail-
ability of HMDs is crucial for harnessing the full potential of social VR platforms.

The respondents generally rated the potential of social VR for organizing
academic conferences very positively (RQ2). However, there exists a significant
limitation concerning generalizability. To the best of authors’ knowledge, there
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have been no studies evaluating opinions about academic conferences held in social
VR that do not focus on VR-related topics.

Conferences in social VR have the potential to emulate certain aspects of the
experience of physical conferences. This may be indicated by the return of the
sense of presence, which was markedly diminished in standard online conferences
(conducted via VCS), but constitutes a key element of the overall conference
experience. Our study demonstrated that a significant part of respondents (72%)
perceived academic conferences organized on social VR platforms as providing
them with greater social and spatial presence compared to VCS (RQ3), which may
predispose this format to provide a better experience, especially when in-person
meetings are not possible.

It is worth noting that for the majority of respondents participating in the study,
Wirtualium 2.0 was the only academic event conducted within a VE that they had
attended. The fascination with the possibilities and the relative novelty of the con-
ference format could have influenced their experience and consequently the results,
thus, further research is needed in this regard.

The obtained results align with other studies suggesting that virtual reality
provides users with a sense of being there and being around others (Li et al., 2019;
Maloney, 2020). However, what seems most significant, given the current limita-
tions on access to HMDs, is that these results indicate a stronger sense of presence
in social VR (compared to VCS) even when HMDs are not being used (Chessa &
Solari, 2021, p. 11).

This may reflect the quality of relations established during the event, which was
noticed and reported by participants as an advantage of social VR. A prevalent find-
ing in open-ended question was the reduction in networking inconveniences and
a decrease in attendees’ stress level during engagement in discussions compared
to VCS (RQ5). Similarly, in closed-ended questions, for the majority of surveyed
individuals conferences in social VR offered a better opportunity to forge new ac-
quaintanceships, and for half of them - this conference format is more favorable to
unrestricted expression compared to VCS. In addition to the mentioned attributes of
social VR platforms, it is noteworthy that avatar-mediated communication not only
enhances the sense of presence, but also facilitates communication for individuals
who are shy or affected by prevailing stereotypes (Baker et al., 2019; Baker et al.,
2021). One respondent noted that “virtual avatars encourage shortening distance
and engaging in direct, informal communication”.

Additionally, social VR platforms allow for the formation of smaller groups
suitable for conducting discussions and informal interpersonal exchanges (Mulders
& Zender, 2021, p. 3-4). Possessing an avatar’s body, users can also enrich the
networking process through non-verbal communication (e.g., utilizing various ges-
tures, presenting specific body posture), including proximal communication which
constitutes the key factor for communication in social VR. This is linked to the in-
herent characteristic of social VR, namely spatiality (refer to section 3 for details).
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The results of our survey indicate that for the majority of participants, maintain-
ing focus on presentation content is easier when the event is conducted through
VCS as opposed to events in social VR (RQ4). These data are in contrast with
other research suggesting that VR enhances focus during virtual events (Li et al.,
2019; Le et al., 2020). One possible explanation for this effect could be linked to
the high perceived immersion in the VE (e.g., Cadet & Chainay, 2020; Baker et al.,
2021; Smith & Neff, 2018), as well as the elimination of disruptive stimuli from
external surroundings (Li et al., 2019) that can positively influence focus. Many of
these studies primarily explored the potential of virtual reality experienced using
HMDs. On the other hand, in our study, nine out of ten participants attended the
conference using only computers or mobile devices, which compared to HMDs,
might provide a lower level of immersion (Pallavicini et al., 2019). However, some
research also suggests that even without HMDs, individuals can achieve a high
level of perceived immersion, and consequently, concentration in VR (Zhang et
al., 2021). Further research is needed to resolve this issue.

The reason for concentration problems as indicated in the open-ended question
among the respondents was the excessive activity of some conference participants.
One respondent pointed out that such behavior might “disturb others and draw
attention to oneself.” A similar issue might also arise during in-person conferences,
for instance, when someone enters the room late or slams the door. The literature
also points out the following sources of concentration problems: technical issues,
frustration, and stress caused by insufficient skills in handling devices, overstimula-
tion, or the novelty of environments (Williamson et al., 2021; Moreira et al., 2022).
As VR technology continues to develop, research on optimal design practices
seems crucial for enhancing effectiveness and focus in social VR. Further studies
are essential to explore this issue.

The majority of participants found academic conferences conducted through
VCS to be less technically challenging than those held on social VR platforms
(RQ6). The technical challenges highlighted in the open-ended responses were
primarily related to the quality of the internet connection, such as poor sound, loss
of connection, or delays in loading virtual rooms. Additionally, the respondents
mentioned the need to dedicate extra time for learning how to use the new tool
and the accompanying stress of “fearing something might go wrong” as additional
drawbacks.

To proactively mitigate technical issues, we conducted pre-conference instruc-
tional meetings for speakers and provided a platform user guide for all participants,
ensuring they could navigate the social VR environment and validate equipment,
connectivity, and software setup beforehand. We presume that these solutions could
have reduced the number of technical problems that occurred during the event.

In addition to these steps, we propose further improvements. A dedicated
technical support chat can offer real-time assistance during the conference. Interac-
tive in-platform tutorials aid users in adapting to the interface and functionalities.

1JREL.2023.9.2.05, p. 18/24



Reimagining Online Academic Conferences...

Appointing virtual moderators or support staff for real-time assistance guides
participants through technical challenges. We believe these enhancements can help
reduce technical difficulties. Therefore, we recommend that future organizers of
social VR conferences consider these ideas.

It also seems worthwhile to point out the graphical aspect of social VR. On the
one hand, its appealing visual representation adds value. However, in countries
like Poland, where there is significant digital exclusion and issues with access to
stable internet connections are prevalent (Bartol et al., 2021), the high hardware
requirements needed to load such visually advanced spaces may pose a limitation.
Consequently, for certain groups of interested individuals the participation in the
event might be complicated or even impossible.

Summary

The conducted analyses support the recommendation of social VR, especially
the Spatial platform, as a venue for organizing online academic conferences.
Compared to VCS, there are indications that participants in social VR might often
experience a stronger sense of others’ presence, more comfortable discussions,
and convenient networking conditions. However, further research is still needed,
especially regarding conferences that would not be related to the topic of new
technologies.

Said aspects constitute a pivotal element of participation in academic confer-
ences, which is significantly curtailed on VCS. Nonetheless, it is imperative to
bear in mind the limitations associated with organizing events in social VR, such
as the need for access to HMDs, higher hardware requirements, and the necessity
of acquiring new technical skills.

Presumably, with the development of the HMD technology and its increased
accessibility, social VR conferences, while retaining the benefits of online events,
will be able to overcome the limitations stemming from mediated communication.
On the other hand, conferences in social VR will always differ from their physical
counterparts. Hence, according to the authors, more significant than attempting to
emulate in-person conferences under virtual conditions is the utilization of novel
opportunities afforded by virtual reality.
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Nowa wizja konferencji akademickich online.
Potencjal spolecznej wirtualnej rzeczywistosci do powrotu wspolobecnosci

Streszczenie

Nowe technologie i zmiany spoteczne glgboko wplywaja na sposob komunikacji i przeprowa-
dzania spotkan. W ciagu ostatnich kilku lat liczba konferencji online wzrosta. W literaturze wskazuje
si¢, ze wydarzenia online pozwalaja na redukcj¢ kosztow oraz nieréwnosci spotecznych. Pomimo
tego mogg one istotnie ogranicza¢ komunikacje¢ niewerbalng i zmniejsza¢ poczucie wspotobecnoscei,
utrudniajac tym samym nawigzywanie nowych kontaktow zawodowych. Biezace dyskusje akademic-
kie dotyczace zalet i ograniczen zdalnych konferencji akademickich, zwykle koncentrujg si¢ na tych
prowadzonych za pomoca systemow wideokonferencyjnych. Naszym celem jest zbadanie potencjatu
technologii wirtualnej rzeczywistosci (VR) oraz platform spotecznosciowych VR jako alternatywnych
narzedzi do organizacji akademickich konferencji online. Autorzy prezentuja przebieg jednej z pierw-
szych konferencji akademickich (Wirtualium 2.0), ktora zostata przeprowadzona w catosci w spo-
fecznosciowej VR, wraz z wynikami ankiety badajacej opinie jej uczestnikow na temat potencjatu
tej platformy do organizowania akademickich konferencji. Nasze wyniki sugeruja, ze w platformy
spotecznosciowe VR, w poréwnaniu z systemami wideokonferencyjnymi, oferuja dla wigkszosci
uczestnikow wyzsze poczucie wspotobecnosci, utatwiaja nawigzywanie kontaktow i prowadzenie
nieformalnych rozméw. Zidentytikowane ograniczenia platform spotecznosciowych VR w tym
kontekscie to: ograniczony dostep do urzadzen, trudnosci techniczne oraz utrudnione sporzadzanie
notatek. Wigkszos¢ respondentow uwaza spotecznosciowy VR za odpowiednie miejsce do organizacji
konferencji akademickich. Chociaz wydarzenia akademickie na platformach spotecznosciowych VR
wiaza si¢ z trudnosciami technicznymi i nigdy nie beda oferowaty takich samych doswiadczen jak
konferencje stacjonarne, to ich organizatorzy powinni przede wszystkim skupi¢ si¢ na wykorzystaniu
potencjatu technologii VR, aby osiagna¢ to, co jest nicosiggalne w fizycznym srodowisku.
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Jan Waligorski, Aleksandra Czastkiewicz, Zofia Samsel, Natalia Frys

Nueva vision de las conferencias académicas en linea.
El potencial de la realidad virtual social para el regreso a la co-presencia

Resumen

Las nuevas tecnologias y los cambios sociales estan influyendo profundamente la comunicacion
y la conducta de reuniones. En los tltimos afios, el nimero de conferencias en linea ha aumentado.
La literatura existente indica que los eventos en linea permiten la reduccion de costos y desigualdades
sociales. Sin embargo, también presentan desafios en la comunicacioén no verbal y disminuyen la sen-
sacion de copresencia, afectando asi el networking, es decir el establecimiento de nuevos contactos.
Las discusiones académicas actuales sobre las ventajas y limitaciones de conferencias académicas
remotas generalmente se limitan a aquellas realizadas a través de sistemas de videoconferencia.
El objetivo de esta investigacion es explorar el potencial de la tecnologia de realidad virtual (VR)
y las plataformas de VR social como métodos alternativos para organizar conferencias académicas en
linea. Los autores presentan el transcurso de una de las primeras conferencias académicas realizadas
integramente en VR social (Wirtualium 2.0), junto con los resultados de encuestas sobre el potencial
de este entorno para albergar conferencias académicas. Nuestros hallazgos indican que, en compara-
cion con los sistemas de videoconferencia, las plataformas de VR social ofrecen para la mayoria de
los participantes una mayor sensacion de copresencia, facilitando el networking y el entusiasmo en
conversaciones informales. En este contexto, las limitaciones identificadas de las plataformas de VR
social abarcan acceso limitado a dispositivos, desafios técnicos e impedimentos para tomar notas de
manera eficiente. Sin embargo, la mayoria de los usuarios consideran que el VR social es adecuado
para albergar conferencias académicas. Esto sugiere que, aunque los eventos académicos a través de
plataformas de VR social se enfrenten a desafios técnicos y no sean lo mismo que las conferencias
presenciales, se deberia explotar el potencial de la tecnologia VR para lograr lo que es inalcanzable
en un entorno fisico.

Palabras clave: Realidad Virtual (VR), Social Realidad Virtual (social VR), Copresencia,
Conferencia académica en linea, Spatial, networking
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HoBoe Buaenne onnaiin-akageMuuecknx kongepenuuii. [lorenuunan counanbHoi
BHPTYAJbHOI PeajbHOCTH ISl BO3BPALIEHHS K COBMECTHOMY MPHUCYTCTBHIO

AHHOTAUUSA
HoBble TEXHOIOTUHU U COIMALHBIC H3MCHCHUS [IYOOKO BJIMSIOT Ha KOMMYHHKAIIMHA U TIPO-

BCJICHUEC BCTpPEHY. 3a MOCJIEAHUEC HECKOJILKO JIET KOJIUYECCTBO OHJIafIH-KOH(l)epeHHHfI YBEIIMYUIOCH.
.HI/ITepaTypHLIB HUCTOYHUKH YKa3bIBAXOT, YTO OHHaﬁH-MepOHpHHTHﬂ TIO3BOJISIIOT CHUXKATh 3aTPaThbl

IJREL.2023.9.2.05, p. 23/24



Jan Waligorski, Aleksandra Czastkiewicz, Zofia Samsel, Natalia Frys

U CoLMaJbHbIe HepaBeHcTBa. TeM He MEeHee, OHU TAKXKe MPEe/ICTaBIAT cOOO0H BBI30BBI B 00NACTH
HeBepOaJbHON KOMMYHHKAIMU M YMEHBIIAIOT YyBCTBO COBMECTHOTO NMPUCYTCTBHS, YTO BIHSCT Ha
ceTeBoe B3auMoyeicTBre. TeKynye akageMuaeckue 00CyKICHUS IIPEUMYIIECTB U OTPaHHIEHHUIT Op-
TaHH3alI{ JUCTAaHIIMOHHBIX aKaIeMUIeCKIX KOH(EePEHI 0OBIMHO OTPaHIINBAIOTCSI TEMH, KOTOPEIE
MIPOBOMATCS C UCTIONB30BAaHUEM CHCTEM BHACOKOH(epeHnui. Llens 3Toro nccnenoBanus — H3y4nTh
MOTEHLIAJ TEXHOJIOTUHU BUPTYyanbHOU peansHOCTH (VR) 1 conmanppix maardopm VR kak amsrep-
HATHBHBIX METOIOB OPraHHU3al[M1 OHJIAifH-aKaJIeMUYeCKUX KOH(EpeHIHH. ABTOPBI MPEACTABISIOT
XOJI OJTHOI U3 EePBBIX aKaJIeMUUECKHX KOH(DEPEHIMH, HOJIHOCTBIO IIPOBEICHHON B connanbHol VR
(Wirtualium 2.0), a Taxoke pe3ylbTaThl OIIPOCa OTHOCUTENEHO ITOTEHINAIa 3TOH Cpebl Al IpoBe-
JICHUSI aKaJieMIYeCcKnX KOH(pepeHrii. Hamm BEIBO/BI yKa3bIBAIOT, 4TO IO CPABHEHHIO C CHCTEMaMHU
BUICOKOH(EpeHINHH, connanbHbIe IIaThopMbl VR MperocTaBisfoT OONBIIMHCTBY YYaCTHHKOB Ooiee
BBICOKOE TyBCTBO COBMECTHOTO MPHCYTCTBHSA, CIIOCOOCTBYS CETEBOMY B3aUMOJIEHCTBUIO U yIACTUIO
B He(hopMasbHBIX Oecenax. B 3TOM KOHTEKCTE BBISABICHHbBIE OIPAaHUYCHHS COLUAIBHBIX MIaThopM
VR BKII04aIOT B ce0s1 OrpaHUUSHHBIH JOCTYII K YCTPOHCTBAM, TEXHHYECKHE MPOOIEMbI i TPYAHOCTH
B 2 dexruBHOH 3ammcu. Tem He MeHee, OOJIBIINHCTBO ITOJIb30BATEIEH CUMTAIOT COLMANbHYI0 VR
TIOAXOAAIIEH JJIsI IPOBECHUS aKaIeMIUeCKUX KOH(EPeHIIMH. JTO MpeJIoiaraet, 4To, HeCMOTpS
Ha TEXHHYECKHE MPOOIEMBI U OTIMYHS OT OYHBIX KOH()EPEHINH, CTONT MCHOJIB30BaTh MOTEHINAT
TexHoJoruu VR AJIs1 JOCTHKEHUS TOTO, YTO HEBO3MOKHO B (PM3HMUECKOH Cpee.

Knrmouessie cuioBa: Bupryansnas peansnocts (VR), ConpanbHast BUpTyanbHas peaabHOCTh
(conmansHast VR), ko-nipucyrcrue, OnnaitH-akagemMuieckas KoH(epeHIws, Spatial, HeTBOPKHHT
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Importance, Popularity and Elements of Educational
Platforms — A Study of the Opinions of Students
from Poland, Ukraine and Kazakhstan

Abstract

This article presents a comparative international research study analyzing the
opinions of students from Poland, Ukraine, and Kazakhstan regarding the impor-
tance, popularity, and elements of educational platforms in the field of computer
science. The study employed the Kruskal-Wallis test for statistical analysis. The re-
search questions addressed are as follows: RQ1: Which educational platforms, in
general, and which specific platforms, are most popular among students from Po-
land, Ukraine and Kazakhstan and which specific platforms? RQ2: What topics are
most frequently searched for on educational platforms, and what motivates students
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from Poland, Ukraine and Kazakhstan to engage in learning through educational
platforms? RQ3: How do students from Poland, Ukraine and Kazakhstan evaluate
the usefulness of different types of content posted on educational platforms, and
do they use various platforms to share their code? RQ4: How do students from
Poland, Ukraine and Kazakhstan evaluate the elements of courses on educational
platforms that they consider most important or useful. RQ5: How do students
from Poland, Ukraine and Kazakhstan evaluate the value of courses offered on
educational platforms? Five hypotheses are proposed: The country of origin does
not affect the frequency of use of educational platforms. The country of origin af-
fects the topics of courses that students are interested in on educational platforms.
The country of origin does not affect the motivation to take courses on educational
platforms. The country of origin does not affect the evaluation of elements of
the courses on educational platforms that students find most important or useful.
The country of origin affects the evaluation of value of courses provided on educa-
tional platforms. The most popular topics on these platforms are programming and
computer networks, with students from Kazakhstan also displaying a keen interest
in subjects related to artificial intelligence and computer graphics. Additionally,
this study analyzes the conditions of learning and teaching in specialized modules
at each university, including teacher requirements, curricula, and the potential for
practical implementation of new knowledge by students. Furthermore, the study
examines course elements that are most essential to students, such as video record-
ings of lectures, tutorials/instructional videos, practical tasks, and solutions to tasks.
The article concludes with a discussion and summary of the findings.

Keywords: Educational platforms, Student opinion, Tutorials, Practical task,
Questionnaire, Kruskal-Wallis test

Introduction

The continuous success of Massive Open Online Courses (MOOCs) is driving
an increasing number of institutions to adopt this method of delivering distance
education. In 2014, there were over 400 universities engaged in providing MOOCs
(Miranda, Isaias & Pifano, 2015), offering more than 2,400 courses. Online edu-
cation has gained significant prominence in the 21st century, particularly follow-
ing the COVID-19 pandemic. One of the major trends in higher education is the
widespread adoption of Massive Open Online Courses (MOOCs), now a common
feature in many universities worldwide (Nguyen, 2022). Despite the potential
benefits of MOOC:s in expanding educational choices and enhancing learning, the
persistent issue of low completion rates remains (Wang, Cao, Xu, & Li, 2022).
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While Coursera, Udacity, and edX continue to be the dominant MOOC provid-
ers, there are approximately 50 MOOC platforms, each offering unique courses
and learning approaches. Given this diverse array of providers, this paper aims to
develop a model for assessing the quality of MOOC platforms (Miranda, Isaias,
& Pifano, 2015).

Literature review

The aim of the research was to develop and test an introductory computer
science course for a middle school titled “Fundamentals of Computational Think-
ing Development (FACT)”. This course was designed to prepare and inspire
middle school students for future engagement in algorithmic problem solving.
Furthermore, FACT was piloted as a seven-week course on Stanford’s OpenEdX
MOOC platform for blended classroom learning (Grover, Pea, & Cooper, 2015).
The research assessed changes in students’ perceptions of computer science as
a discipline. The r esults, obtained through mixed-method analysis, indicated that
students in both the pilot and the main studies (1) demonstrated significant pro-
gress in their algorithmic thinking skills, (2) were able to transfer their learning
from Scratch to a text-based programming context, and (3) exhibited substantial
improvements in their understanding of computer science as a discipline (Grover,
Pea, & Cooper, 2015). The authors stressed that students’ previous computer
experience, as measured by entrance tests, and their math abilities were strong
predictors of learning outcomes.

Miranda, Isaias, and Pifano (2015) proposed a model for assessing the qual-
ity of MOOC activities, based on six categories: openness, mass, content, com-
munication tools, evaluation methods and participants. These categories reflect
fundamental aspects of MOOC platforms and were derived from an extensive
literature review of MOOC:s, supported by an analysis of specific courses offered
on five MOOC platforms: edX, Coursera, Udacity, FutureLearn and MiriadaX
(Miranda, Isaias, & Pifano, 2015). Veletsianos and Shepherdson (2016) conducted
a systematic analysis and synthesis of the empirical MOOC literature published
between 2013 and 2015.

In their study, Zhu, Sari, & Lee (2020) explored various research methods,
topics, and trends in MOOC empirical research, with a focus on student-related
themes, design, and instructor-related aspects. Among student-focused topics,
student retention, learning experience, and engagement were frequently discussed.
The majority of MOOC authors were affiliated with institutions in the US, China,
and Spain (Zhu, Sari, & Lee, 2020). In a review of sensory learning MOOQOC:s,
Limone, Pati, and Loprior (2022) examined empirical MOOC studies published
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between 2008 and 2021. They conducted a comprehensive search across databases
including PubMed, Scopus, Web of Science, and Google Scholar. The review
aimed to enhance understanding of sensory acquisition and its future implications
for research.

Nguyen (2022) emphasized that learners in MOOCs typically interact with
pre-designed materials and often engage in self-directed learning. Understanding
learner satisfaction with such courses is crucial for improving their learning expe-
riences and performance. Nguyen’s study employed a mixed-methods approach,
combining a survey design with semi-structured interviews involving 120 stu-
dents of a Vietnamese private university enrolled in academic writing courses on
Coursera, one of the world’s leading MOOC platforms (Nguyen, 2022). The study
identified moderate correlations between students’ satisfaction and their perceived
usefulness of Coursera courses. Pedagogically, the study highlighted the need for
teacher feedback, faster support from course designers, and user-friendly plagia-
rism checking tools to enhance learners’ satisfaction with MOOC:s.

Wang, Cao, Xu, and Li (2022) conducted a systematic review of articles on
learning engagement in MOOCs published between 2015 and 2022. Their review
revealed that engagement in learning can be measured through various methods,
including diary, text, image, interview, and survey data analysis. They categorized
the factors influencing engagement as intrinsic (e.g. satisfaction with learning)
or extrinsic (e.g. curriculum design). The authors emphasized the importance of
Course Instructors providing technical support (“scaffolding”) to enhance self-
directed learning and increase student engagement in MOOCs (Wang, Cao, Xu,
& Li, 2022).

Zhu, Sari, and Lee (2018) conducted a systematic review of research methods
and topics in empirical MOOC literature published between October 2014 and
November 2016. Their study explored key areas of MOOC research, with an em-
phasis on student retention and motivation as most frequently cited, followed by
student experience, satisfaction, assessment and instructional design (Zhu, Sari,
& Lee, 2018).

With the growing number of people learning on Massive Open Online Cours-
es (MOOCs), self-directed learning (SDL) skills are essential for their success.
An analysis of how to support self-directed learning in MOOC:sS in the context
of motivation, learning strategies and instruction was carried out by Zhu, Bonk,
& Berri (2022). Their study aimed to investigate student motivation to enroll in
MOOC:s and their SDL strategies, as well as the instructional elements supporting
SDL from the students’ perspective. Among their findings, the authors identified
that the instructional elements such as self-assessment, discussion forums, feedback
from instructors, flexibility, clearly defined learning goals, authentic content and
small training units were instrumental in supporting SDL. The implications of the
study are discussed in the article (Zhu, Bonk, & Berri, 2022). The data obtained
from the research — semi-structured interviews with 15 students from three MOOC
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courses were analyzed using thematic analysis. The researchers found that motiva-
tion for enrolling in MOOC:s included intrinsic motivation (e.g. curiosity, deepening
personal knowledge and personal interest) and extrinsic motivation (e.g. supporting
formal education and career development). The learning strategies used by MOOC
students are Task Strategies, Self-Control, and Self-Management Strategies. Task
strategies included taking notes, reading texts or subtitles, watching videos, and
doing further research. Self-monitoring strategies included self-assessment, self-
reflection, progress indicators, final projects, and authentic tasks (Zhu, Bonk,
& Berri, 2022).

Some of the important issues have been the essential study interests of MOOC
scholars in recent years. Papadimitriou (2023) discussed critical research questions
related to MOOC effectiveness, including dropout rates, completion rates, loneli-
ness, and the potential of Adaptive and Intelligent MOOCs. The study examined
the learner characteristics used for adaptation and the methods and techniques
employed to improve traditional MOOC:s.

The research conducted by Smyrnova-Trybulska et al., in 2015-2022 focused
on assessing the digital competences of pre-service and in-service teachers who
completed the MOOC “Contemporary ICT Tools and Innovative Methods of
Creative Education”. The study examined various theoretical and practical aspects
(Smyrnova-Trybulska et al., 2016), social and educational dimensions (Smyrnova-
Trybulska et al., 2015) as well as methodological aspects of developing MOOCs
(Smyrnova-Trybulska et al., 2017). Following the Preliminary Analysis of the
Development and Implementation of the MOOC Project (Smyrnova-Trybulska,
Sekret, & Morze, 2021), the most recent study (2022) provides a brief descrip-
tion of the MOOC, outlines the course requirements and analyzes the learning
outcomes through the students’ self-evaluation and feedback. The MOOC was
developed in both Polish and English as part of the project “MOOCs for Sciences
of Education” and hosted on the Polish MOOC platform Navoica (www.navoica.pl)
within the framework of a competition, initiated by of Ministry of Education and
Science of Poland and National Centre for Research and Development (NCBR —
Narodowe Centrum Badan i Rozwoju) under the theme “Direction to the MOOC”.
The conclusions drawn from the focussed assessment of the MOOC and the overall
recommendations for enhancing MOOC effectiveness in formal education and
improving learning outcomes were derived from research and are presented accord-
ingly (Smyrnova-Trybulska, Sekret, Morze, & McKay, 2022). Despite significant
progress, there remain research questions that still need to be answered. This article
contributes new research results obtained from an international comparative study
conducted in Poland, Ukraine, and Kazakhstan to the research area.
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Methodology

The research presented in this paper was conducted through a questionnaire
survey simultaneously administered at three universities in three different coun-
tries: Poland, Ukraine and Kazakhstan. It is important to note that the higher edu-
cation systems and mentalities in Poland, Kazakhstan, and Ukraine are influenced
by historical, cultural, and socio-economic factors. All three countries were part of
the Socialist Bloc, and the Soviet Bloc, that was the coalition of communist states
of Central and Eastern Europe, and they gained independence in the early 1990s
after the dissolution of the USSR. This shared history has left a significant impact
on their political, economic, and social structures. These countries have a three-
tier higher education system — Bachelor’s, Master’s, and Doctorate — following
the Bologna Process standards. All three countries are increasingly recognizing
the importance of globalization and are working to internationalize their higher
education systems. In Poland, the education system is aligned with the European
Higher Education Area standards. Kazakhstan, like Ukraine, has a Soviet legacy
that has influenced its educational system.

The survey was conducted anonymously and on a voluntary basis. The ques-
tionnaire, available via Google Form online, was distributed to students majoring
in computer science. It encompassed a range of questions regarding educational
platforms. The questionnaire questions were divided into four thematic groups:
sociological characteristics, frequency of use of educational platforms, the most
interesting topics of the courses, assessment of the usefulness of various contents
within the courses and the use of code-sharing platforms. Such division appear
thematically coherent and provide a comprehensive analysis of the topic. The an-
swers to most of the questions were provided on a 5-point scale, which allows for
a wide interpretation. The collected data were analyzed using various statistical
methods, in particular the Kruskal-Wallis test, along with various statistical metrics
and charts, with a special emphasis on box-plot graphs. Depending on the research
question addressed, datas were collected in appropriate groups and their charac-
teristics were compared. The primary objective of this study was to examine dif-
ferences in students’ attitudes, frequency of use, and assessment of the usefulness
of courses offered on educational platforms. The study also investigated the topics
of courses on educational platforms that were of greatest interest to students from
different countries. To achieve this, multiple statistical metrics were computed, and
the results were visually represented using column graphs and box-plot graphs.
Furthermore, several statistical tests were conducted to validate the five main
hypotheses, which are detailed below. These hypotheses pertain to the frequency
of educational platform usage, the preferred course topics, motivations for taking
courses on educational platforms, evaluations of course elements, and assessments
of the value of courses offered on educational platforms.
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Questionnaire, purpose and research questions

Our research aimed to explore students’ attitudes toward a variety of education-
al platforms, identify the platforms most frequently utilized, and ascertain which el-
ements provided on these platforms were most valuable to students. The survey was
conducted in June 2023 and involved students majoring in computer science from
the University of Silesia in Katowice, Poland (Faculty of Science and Technology),
Borys Grinchenko Kyiv University, Ukraine, and West Kazakhstan Agrarian-Tech-
nical University named after Zhangir Khan. The selected universities have much
in common. All three universities offer a wide range of programs in various fields.
They all have a strong focus on research and innovation. The West Kazakhstan
Agrarian-Technical University has a specific focus on agrarian and technical fields,
setting it apart from universities with a broader range of programs. Also, the West
Kazakhstan Agrarian-Technical University is noted as being among the youngest
universities in the country, while the other two have a longer history. It should
be noted that there are multidimensional differences between students from the
analyzed universities, such as differences of situation of students, governmental
support, economic and war stability. However, in this research we did not analyze
these factors. Such analysis and the impact of various parameters on the students’
perceptions of MOOC will be conducted in future work. A total of 158 responses
were collected, with respondents selected randomly. Students at various stages of
their studies were invited to participate in the survey through email invitations, and
their participation was entirely voluntary. Selected research results were presented
in the Comparative International Research In Area Of Educational Platform And
MOOC:s In Opinion Of IT Students Using Data Mining Analysing (Chrominski,
Przybyta-Kasperek, Smyrnova-Trybulska, Bazarbayeva, Morze, 2023).

Sociological metrics

In order to study the relationship between student characteristics and attitude
towards educational platforms, the questionnaire included sociological questions.
The sociological characteristics questions and possible responses in the question-
naire are presented below:

» gender — male, female
» degree of study — Engineer’s Degree, Master’s Degree
o age —<19-20>, <21-22>, <23-24>, <25-26>, <27-28>, <29-30>, >30

Descriptive statistics on the responses obtained related to the sociological

metrics are presented in Table 1.
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Table 1.
Descriptive statistics on responses to sociological questions
Quantity/ Quantity/ Quantity/
Gender Percentage Degree of study Percentage Age Percentage
Male 117/74.05 Engineer’'s Degree  114/72.15 <19-20> 18/11.39

Female 41/25.95  Master’s Degree 44/27.85 <21-22> 70/44.30
<23-24> 33/20.89

<25-26> 8/5.06

<27-28> 4/2.53

<29-30> 5/3.16
>30 20/12.66

Source: Own work.

Based on the results obtained, it can be concluded that the majority of respond-
ents were male engineering students. The largest group consisted of individuals
aged 21 to 24 years old, constituting 65% of the respondents. Concerning the
participation of students from different countries, the largest group was from Po-
land — 81 students responding to the questionnaire. Additionally, 40 students from
Kazakhstan and 37 students from Ukraine participated and answered the survey
questions.

In Poland, Kazakhstan and Ukraine students often start their higher education
with a Bachelor’s degree, typically around 19-20 years old in Poland, the age of
18-19 in Kazakhstan and around 17-18 years old in Ukraine; after completing sec-
ondary education. So there are some differences, however, small and it is unlikely
that they have much impact on the distribution of age of questionnaire participants.
Therefore, it seems that due to the similarity in terms of age of study and many
aspects resulting from the historical homogeneity of the education background in
Central and Eastern European countries, groups of students from Poland, Kazakh-
stan and Ukraine seem to be quite homogeneous.

Research questions and hypotheses

The research conducted can be categorized into three main areas.

The first group examined the frequency of the use of educational platforms
in general and identified the most popular platforms. Our next group of questions
focused on what topics are most frequently searched for on educational platforms,
and explored the motivation behind students’ engagement in educational platforms.
The last group of questions concerned evaluating the usefulness of different types
of content posted on educational platforms and investigated whether students use
a variety of platforms to share their code.
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The research questions (RQ1-RQ5) are as follows:

RQ1: Which educational platforms, in general, and which specific platforms, are
most popular among students from Poland, Ukraine and Kazakhstan?

RQ2: What topics are most frequently searched for on educational platforms, and
what motivates students from Poland, Ukraine and Kazakhstan to engage in
learning through educational platforms?

RQ3: How do students from Poland, Ukraine and Kazakhstan evaluate the useful-
ness of different types of content posted on educational platforms, and do they
use various platforms to share their code?

RQ4: How do students from Poland, Ukraine and Kazakhstan evaluate the elements
of courses on educational platforms that they consider most important or useful.

RQS5: How do students from Poland, Ukraine and Kazakhstan evaluate the value
of courses offered on educational platforms.

Hypotheses determined based on RQ1-RQ5 are as follows:

H1: The country of origin does not affect the frequency of use of educational
platforms.

H2: The country of origin affects the topics of courses that students are interested
in on educational platforms.

H3: The country of origin does not affect the motivation to take courses on edu-
cational platforms.

H4: The country of origin does not affect the evaluation of elements of the courses
on educational platforms that students find most important or useful.

H5: The country of origin affects the evaluation of value of courses provided on
educational platforms.

Results and statistical tests

In this section, we will present statistical tests, analyses and their outcomes
related to the usage of educational platforms, categorized into three themes cor-
responding to the topics listed above.

Frequency of use and the most popular educational platforms
In this part of the questionnaire, we explored the popularity of educational

platforms and identified which ones are most frequently used by students. The main
questions and their potential responses were as follows:
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1. How often do you use educational platforms to learn about programming/IT
issues? — Three or more times a week, Once a week, Once every two weeks,
Once a month, Once every six months, Once a year, Never.

2. Indicate how often you use educational platforms to learn about programming/
IT issues.

a) Udemy

b) Codecademy

¢) Coursera

d) edX

e) Khan Academy

f) FreeCodeCamp

g) Treehouse

h) Udacity

1) Navoica

j) Prometheus

k) Cognitive Class

For the second question, the respondents provided their frequency of use on
a 5-point scale, with 1 indicating “I do not use” and 5 indicating “I use very often.”

Descriptive statistics regarding the responses obtained for the first question are
presented in Table 2. The first column provides aggregated results for all countries,
and the subsequent three columns show down the results by country.

Table 2.
Descriptive statistics on responses to the question related to frequency of usage
educational platforms

Total Poland Kazakhstan Ukraine
Frequency of usage Quantity/ Quantity/ Quantity/ Quantity/
Percentage Percentage Percentage Percentage
Never 5/3.16 2/2.47 2/5 1/2.70
Once a year 2/1.27 1/1.23 0/0 1/2.70
Once every six months 9/5.70 5/6.17 4/10 0/0
Once a month 21/13.29 11/13.58 4/10 6/16.22
Once every two weeks 18/11.39 9/11.11 4/10 5/13.51
Once a week 49/31.01 24/29.63 11/27.5 14/37.84
Three or more times a week 54/34.18 29/35.80 15/37.5 10/27.03

Source: Own work.

The first conclusion drawn from the results is that students in computer sci-
ence use educational platforms quite frequently — there are only a few students
who do not use these platforms at all or use them only once a year. It is evident
that the distributions of results in Poland, Kazakhstan and Ukraine are very similar.
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Figure 1. Charts of the responses obtained related to the question how often you
use educational platforms to learn about programming/IT issues, with 1 indicating
“I do not use” and 5 indicating “I use very often”

Source: Own work.
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This leads to a hypothesis that the country of origin does not significantly affect the
frequency of educational platform use. The statistical significance of this hypoth-
esis was assessed using The Kruskal-Wallis tests for groups defined by country.
The result H(2,158) = 0.19 and p-value equal to 0.91 were obtained. Therefore, it
confirmed the first hypothesis H1, stating that the country of origin has no effect on
the frequency of educational platform usage. Similarly, the Kruskal-Wallis test was
performed to verify whether age has an impact on the frequency of students’ use
of educational platforms. Once again, no statistically significant differences were
found in the frequency of platform use among groups of students categorized by age.

Figure 1 presents a column chart illustrating the responses to the second ques-
tion about the frequency of use of each educational platform, categorized by
the country in which the respondents study. It is evident that the most popular
educational platform is Udemy, as indicated by the highest columns across all
countries for the answer 5 — “I use very often.” Codecademy and FreeCodeCamp
follow closely in terms of frequency of use, occupying the second position. Khan
Academy ranks third in terms of popularity, while other educational platforms are
used less frequently.

Remarkably, there is no significant difference in the distribution of the fre-
quency of use for each platform among students from the analyzed countries.
The same platforms appear to be the most popular in Poland, Ukraine, and Ka-
zakhstan. To verify this observation, the Kruskal-Wallis test was conducted to
assess whether there were significant differences in the average frequency of use
of individual platforms by country. The test confirmed that there is no significant
difference in the case of the Udemy platform. However, for the other platforms, it
indicated significant differences in the averages. A further analysis of the box-plot
graphs revealed that the results from students in Kazakhstan had an influence on
this outcome, as a small group of students often selected the highest answer, 5,
which accounts for the observed differences.

Topics most frequently utilized on educational platforms,
and motivation for using educational platforms

In this part of the questionnaire, we explored the topics of the courses that
are most commonly used on educational platforms, and the motivations that led
students to take a course on these educational platforms. The main questions and
potential responses were as follows:

3. Select the topics of the courses you use on educational platforms.

a) Programming

b) Artificial intelligence

¢) Computer networks

d) Computer graphics
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e) Databases

f) Mathematics

g) Biometrics

h) Computer architecture

4. What was your motivation for starting the course?

a) Willingness to learn about new technologies/issues

b) Supplementing the topics taught as part of the studies

¢) A lack of understanding of the topics covered in the studies and the need

for self-study

d) Labor market need, employer suggestion

Responses to all questions were rated using 5-point scale, where 1 indicated

“I do not use” or “Absolutely disagree,” and 5 indicated “I use very often” or

“Absolutely agree.”.

Figure 2 presents a column chart illustrating the responses to the question
regarding the topics of courses that students use on educational platforms, catego-
rized by the country in which the respondents study. It is evident that programming
is the most popular topic on educational platforms. In the second place are students
interested in computer networks and databases. Artificial intelligence takes the third
place in terms of students’ interest. Other courses have gained moderate interest,
with biometrics topics receiving the least interest from students.

The Kruskal-Wallis test was performed to verify whether there are significant
differences in the average interest level of students from different countries in par-
ticular topics. The results, including group size, p-values, and test statistic values,
are presented in Table 3. All obtained results are statistically significant. Thus, hy-
pothesis H2, which posits that the country of origin does affect the topics of courses
that students are interested in on educational platforms, is confirmed. In addition,
Figure 3 includes box-plot graphs prepared for each topic and country separately.
It is noticeable that students from Kazakhstan exhibit particularly higher interest
in the topics offered on educational platforms, a trend that is consistent across all
topics. When comparing Polish and Ukrainian students, it is Polish students who
show more interest in the topics related to computer networks and mathematics.
Conversely, Ukrainian students display more interest in topics related to computer
graphics and databases.

Such differences in students’ interest in particular topics are probably due to the
specificity of specializations offered at various universities at which students study.
A detailed discussion of the various study profiles is provided in the Discussions
section, but we will now present the basic profiles. At the considered university in
Poland, the emphasis is putted mainly on software and engineering applications as
well as computer graphics. The main area of interest of the considered university
in Kazakhstan is artificial intelligence and information systems and technologies.
However, the main area of interest of the considered university in Ukraine is com-
puter engineering, programming, mathematics and cybersecurity.
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Figure 2. Charts of the responses obtained related to the question about topics
of the courses used by students on educational platforms, with 5 indicating “l use
very often”, 1 indicating “l do not use”

Source: Own work.
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Table 3.
The Kruskal-Wallis test results for the responses obtained related to the question
about topics of the courses used by students on educational platforms

Topic Kazakhstan Poland Ukraine
n 40 81 37

Programming H(2,158)=6.111; p-value=0.047

Artificial intelligence H(2,158)=18.204; p-value=0.0001
Computer networks H(2,158)=16.946; p-value=0.0002
Computer graphics H(2,158)=37.125; p-value=0.0001
Databases H(2,158)=17.786; p-value=0.0001
Mathematics H(2,158)=28.968; p-value=0.0001
Biometrics H(2,158)=37.182; p-value=0.0001
Computer architecture H(2,158)=14.841; p-value=0.0006

Source: Own work.

The next aspect investigated concerned students’ motivation when taking
a course on educational platforms. Figure 4 presents a column chart illustrating the
responses to the question about the motivation for starting a course on educational
platforms, categorized by the country in which the respondents study. As observed,
the primary motivation for students in all countries was the desire to learn about
new technologies and issues. Moreover, students from Poland were frequently
motivated by the need to address specific issues or difficulties that arose during
their studies. In contrast, for students from Kazakhstan and Ukraine, supplementing
their academic material was not as significant a motivation for taking courses on
educational platforms. Surprisingly, the motivation related to labor market needs
was relatively average for students. It appears that Kazakh students had the highest
motivation when it came to supplementing their knowledge required for their jobs.

The Kruskal-Wallis test was performed to verify whether there are significant
differences in the average assessment of motivation for taking courses on educa-
tional platforms between countries. The test confirmed that there is no significant
difference in almost all tested aspects. Only for the motivation of willingness to
learn about new technologies/issues statistically significant difference in aver-
ages was confirmed with values H(2,158) = 8.063, p-value = 0.0177. In this case,
Ukrainian students demonstrated the highest motivation for taking courses with
a desire to expand their knowledge, as can be seen in Figure 5, which includes
box-plot graphs for each motivation and country separately. Thus, hypothesis H3,
which posits that the country of origin, in general, does not affect the motivation
to take courses on educational platforms, is confirmed.
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Figure 3. Box-plot graphs of the responses obtained related to the question about
topics of the courses used by students on educational platforms, with 5 indicating
“| use very often”, 1 indicating “ | do not use”

Source: Own work.
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Figure 4. Charts of the responses obtained related to the question about the moti-
vation for starting the course on educational platforms, with 5 indicating “Absolutely
agree”, 1 indicating “Absolutely disagree”

Source: Own work.
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Figure 5. Box-plot graphs of the responses obtained related to the question about
topics of the courses used by students on educational platforms

Source: Own work.

Usefulness of different types of content posted on educational platforms
and usage of a variety of platforms to share students’ code

In the last part of the questionnaire, we focused on the content of courses that
students find most useful on educational platforms. Additionally, we inquired
whether students themselves use these platforms to share their code. The primary
questions and possible responses were as follows:

5. What elements of the course on educational platforms do you find most im-
portant/useful

a) Theoretical description to the topic

b) Video recordings of lectures

¢) Tutorials/Instructional videos

d) Practical tasks

e) Solutions to tasks

f) Control tests

6. Do you think the courses offered on educational platforms are valuable?
7. Do you use code sharing platforms/tools — specifically Git systems (GitHub,

GitLab, Bitbucket, etc.) — as part of expanding your knowledge?

8. Do you use code sharing platforms/tools — specifically Stack Overflow sys-
tems — as part of expanding your knowledge?

For all these questions, the possible responses were defined using a 5-point

scale, where 1 signifies “Not useful” or “I do not use” or “Absolutely disagree,”

and 5 denotes “Very useful” or “I use very often” or “Absolutely agree.”
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Figure 6 presents a column chart illustrating the responses to the question
about the elements of the course on educational platforms that students find most
important and useful, categorized by the country in which the respondents study.
It is evident that students from all analyzed countries highly value course content
such as Tutorials/Instructional Videos, Practical tasks, and Solutions to tasks. Addi-
tionally, Figure 7 highlights that these elements hold particular importance for stu-
dents from Poland and Ukraine. Video recordings of lectures were also considered
quite significant by students. Conversely, the elements of courses on educational
platforms that students find the least important are Theoretical descriptions of the
topic and Control tests.
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Figure 6. Charts of the responses obtained related to the elements of the course
at educational platforms that students find most important/useful, with 5 indicating
“Very useful”, 1 indicating “Not useful”

Source: Own work.
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The Kruskal-Wallis test was performed to verify whether there are significant
differences in the average evaluation of elements of the course on educational
platforms that students find most important and useful. The test confirmed that
there is no significant difference in almost all the tested aspects. This confirmed
hypothesis H4, suggesting that the country from which the student originates, in
general, does not affect the evaluation of elements of the course on educational
platforms that students find most important and useful. However, for the elements
such as Tutorials/Instructional Videos and Solutions to tasks, a statistically signifi-
cant difference in averages was confirmed with values H(2,158) = 8.365 p-value =
0.0153 and H(2,158) = 8.183 p-value = 0.0167, respectively. Polish students rated
these elements as the most relevant, while students from Kazakhstan gave them

lower ratings.
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Figure 7. Box-plot graphs of the responses obtained related to the question about
elements of the course on educational platforms that students find most impor-
tant/useful

Source: Own work.

A question was also posed whether students find the courses posted on educa-
tional platforms valuable. Figure 8 presents a column chart illustrating the answers
to this question, and the box-plot graphs display the responses obtained, categorized
by the country in which the respondents study. As observed, Ukrainian students
rate the value of courses available on educational platforms the highest. Students
from Poland, who also rate the value of such courses highly, come in second place.
The lowest importance or valence of courses is given by students from Kazakhstan.
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The Kruskal-Wallis test confirms significant differences in the average evaluation
of the value of courses provided on educational platforms, with results H(2,158)
=12.223 p-value = 0.0022. Thus, hypothesis H5 is confirmed, suggesting that the
country of origin does affect the evaluation of the value of courses provided on
educational platforms. Such differential student evaluation of the value of courses
may result from their expectations towards the courses and attitudes. This specific
attitude may be related to comparing courses conducted at individual universities
with courses conducted using educational platforms. A detailed analysis of the
specificity of all the considered universities is presented in the Discussions sec-
tion, but it is definitely the level of knowledge and specificity of the classes that
are offered at each university that determines the level of students’ expectations
towards courses on educational platforms.

The final stage of the research investigated whether students also share their
work, specifically their program code, on platforms. Figure 9 presents a column
chart illustrating the answers to the question of whether students use code shar-
ing platforms/tools, and Figure 10 provides the box-plot graphs for the obtained
results. It is evident that students use platforms like Git systems (GitHub, GitLab,
Bitbucket, etc.) or Stack Overflow systems as part of expanding their knowledge.
The only exception is students from Kazakhstan, who are less likely to use Stack
Overflow systems. The Kruskal-Wallis test confirms significant differences in
the usage of code sharing platforms/tools like Stack Overflow systems as part of
expanding knowledge among students from the studied countries, with results
H(2,158) = 17.696 p-value = 0.0001.
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Figure 8. Charts and box-plot graphs of the responses obtained related to the
question about whether students find the courses posted on educational plat-
forms valuable

Source: Own work.
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Figure 9. Charts of the responses obtained related to whether students used
code sharing platforms/tools, with 5 indicating “I use very often”, 1 indicating “I do
not use”

Source: Own work.
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Figure 10. Box-plot graphs of the responses obtained related to whether students
used code-sharing platforms/tools

Source: Own work.

Discussions

At the University of Silesia in Katowice, in the field of computer science, there
is a strong emphasis placed on issues such as programming, including web appli-
cations programming and computer networks. This emphasis is also reflected in
the most popular courses among Polish students on educational platforms. As Fig-
ure 3 shows, programming courses are the most popular among Polish students
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on educational platforms, with computer networks being the second most popular.
The specialities offered in the field of computer science are as follows:

Software engineering — students acquire knowledge and skills in all aspects of
software development, with a special emphasis placed on programming, modern
application development methodologies, and user interface design.

Information systems engineering — the program covers the design of informa-
tion systems, with an emphasis on practical aspects such as databases, desktop
application programming, web application development, mobile application de-
velopment, and cloud computing. The curriculum is aligned with current trends in
software development and labour market requirements.

Web and hybrid application graphics — students gain expertise in designing
graphical interfaces for web applications, with a focus on front-end design for web
and mobile applications, back-end programming for mobile apps, interactive and
real-time graphics design, and the application of geometric modelling methods and
multi-resolution image analysis.

Computer game programming — graduates of the specialty are capable of
designing and implementing computer games and multimedia applications using
advanced techniques and tools, in line with the latest industry trends.

Web application design — this program introduces students to modern meth-
ods of building interactive web applications that run in web browsers and other
environments. Students learn front-end application design (HTML, JavaScript,
Bootstrap, JQuery) and back-end application development (MVC, PHP, JEE), as
well as technologies for building, testing, and maintaining web applications across
various operating systems.

Computer networks and mobile devices — the speciality focuses on designing
and configuring modern internet networks, including the selection of communica-
tion protocols and hardware and software configuration. Practical knowledge is
gained through hands-on experience with CISCO equipment.

Data processing technologies — the educational content covers a wide range of
data processing methods and technologies, with a particular emphasis on designing,
implementing, and analyzing information systems that support data processing in
business, engineering, and scientific applications.

In Kazakhstan, both the West Kazakhstan Agrarian-Technical University named
after Zhangir Khan and the Kazakh National Women’s Teacher Training Univer-
sity, located in Uralsk and Almaty, respectively, train computer science specialists
for various fields of activity. Due to the widespread use of Al in many areas of
life, there is a significant interest among students in artificial intelligence, which
is reflected in the diagrams above and is also evident in research projects and
student startups. The educational programs in the field of computer science in
Kazakhstan include:

Information Systems and Technologies — this program covers programming,
web programming, database administration, information systems, computer net-
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works, and information security. It offers learning trajectories and elective subjects
that allow students to specialize in their chosen field and function professionally
after graduation.

In 2023, the Ministry of Higher Education and Science of the Republic of Ka-
zakhstan implemented the “Coursera in Kazakh Language” programme, providing
free access to Coursera platform courses in English and Kazakh to over 20,000
students from 25 regional universities in Kazakhstan, including the Kazakh Na-
tional Women’s Teacher Training University. As a result, more than 22,000 courses
were made available.

Borys Grinchenko Kyiv University got access to more than 5,200 free courses
and 2,200 managed projects from the world’s leading universities thanks to Cour-
sera’s cooperation with the Ministry of Education and Science of Ukraine. Also,
the BGKU elaborated a digital campus (https://digital. kubg.edu.ua), which includes
a lot of useful e-services for students and academic teachers, which successfully
support the didactic and scientific work at the university.

Borys Grinchenko Kyiv University educates students in the following edu-
cational programs for bachelors: Informatics, Computer Engineering, Security of
Information and Communication Systems and prepares the following specialists:

In the field of information and analytical systems, there are: developer of
computer systems, system administrator, a specialist in computer modelling, fore-
casting and optimization of processes in various industries, a specialist in design
and implementation of modern databases, designer of computer systems, analyst
of computer systems.

In the field of Security of information and communication systems it offers:
cyber security specialist, cyber security analyst, cyber security project manager,
cyber security engineer;

In Computer Engineering, there are: Programming Engineer, Network En-
gineer, Hardware Development Engineer, Software Tester, Data Analyst, Web
Developer, Technical Support Engineer.

Students in these bachelor’s programmes study the following subjects: technol-
ogy of creating software products, programming, system programming, computer
architecture, parallel and distributed computer systems, computer networks, applied
modelling and programming, design of embedded systems, robotics, computer
graphics and animation, programming: decision-making management systems,
computer game development technologies, information analysis and processing
technologies, databases and information systems, algorithms and data structures.

In addition, the university implements the following master’s programs: infor-
mation and analytical systems, security of information and communication systems,
where students have the opportunity to study the following subjects: computer
modelling of systems, information and analytical systems, analysis and processing
of big data, computer URBAN monitoring systems, digital technologies of com-
munications and management, IT project management, data analytics, computer
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modelling of systems, software engineering, processing and analysis of big data,
artificial intelligence, information-analytical systems.

Electronic training courses hosted in LMS Moodle have been developed and
implemented for all academic disciplines at the University of Grinchenko. Since
distance learning has been systematically introduced at the university for more
than 10 years, and the developed e-learning courses are evaluated and certified,
students are used to using their own Moodle system with training courses. This can
be explained by a low interest of students from Ukraine in using MOOC materials
posted on open platforms. University students have enough e-course material for
learning, created by the university’s teachers themselves, which is highly appreci-
ated by students. In addition, the university does not encourage the use of open
platforms and learning on them, since according to the internal regulation of the
organization of the educational process, students are not credited with the certifi-
cates they received while studying at MOOC.

Conclusions

In conclusion, the findings of this research have provided valuable insights into
the impact of the country of origin and the university where the student is study-
ing on various aspects of students’ engagement with educational platforms. It has
been demonstrated that the country of origin does play a significant role in shaping
students’ preferences and behaviours within the educational context.

Firstly, the notion that the country of origin does not affect the frequency of
use of educational platforms has been refuted.

Secondly, the research supports the hypothesis that the country of origin does
influence the topics of courses that students are interested in on educational plat-
forms. This highlights the importance of considering cultural and societal factors in
tailoring educational content to meet the diverse preferences and needs of students
from different regions.

In terms of motivatio to take courses, the hypothesis suggesting that the country
of origin does not affect motivation has been contradicted.

Interestingly, while the country of origin may not significantly impact the
evaluation of specific elements within courses, such as content or delivery methods,
the research suggests that it does influence the overall perceived value of courses
on educational platforms. This underscores the importance of considering cultural
perspectives in designing and delivering courses to ensure they are perceived as
valuable and relevant across different regions.

In essence, this study highlights the multifaceted influence of the country of
origin on students’ interactions with educational platforms. Acknowledging and
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understanding these influences is crucial for educators and platform developers
to create more inclusive and effective educational environments that cater to the
diverse needs and expectations of students worldwide.

The main recommendation for academic teachers is to consider whether com-
pleting a specific course on an educational platform, aligned with the module’s
content, could be recognized or rewarded in some way when grading the module.
It is important to note that this should not necessarily be a mandatory component
of module credit since some courses on these platforms may require payment,
and students should not be obligated to access them. However, for more active
students who have invested their time and resources in completing these courses,
acknowledging their effort when determining the final module grade could be
a motivating incentive. Regarding the recommendation for teachers of universities
in Kazakhstan to help students use the opportunities presented by these programs,
this is a good opportunity for students, who may not have a high level of profi-
ciency in English. Encouraging students to use these resources should depend on
the level of the course.

An obvious limitation of educational platforms is the absence of direct inter-
action with a teacher or mentor who can provide motivation, serve as a positive
role model in the discipline, and offer personalized support aligned with students’
individual needs. The educational platforms examined in this study do not provide
artificial intelligence modules that could partially mimic a teacher’s support. Future
research should explore the impact of artificial intelligence-based modules availa-
ble on educational platforms and their influence on the learning process of students.
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Morze, Ainur Bazarbayeva

Znaczenie, popularnos$¢ i elementy platform edukacyjnych —
badanie opinii studentow z Polski, Ukrainy i Kazachstanu

Streszczenie

W artykule zaprezentowano analiz¢ pordwnawczg wynikow migdzynarodowych badan, dotycza-
cych opinii studentéw informatyki z Polski, Ukrainy i Kazachstanu na temat znaczenia, popularnosci
i elementow platform edukacyjnych. Zastosowano statystyczny test Kruskala-Wallisa. Otrzymano
odpowiedzi na pytania badawcze: : RQ1: Ktore platformy edukacyjne, ogdlnie i §cisle rzecz biorac,
sg najbardziej popularne wsrod studentow z Polski, Ukrainy i1 Kazachstanu? RQ2: Jakie tematy sa
najczesciej wyszukiwane na platformach edukacyjnych i co motywuje studentow z Polski, Ukrainy
i Kazachstanu do angazowania si¢ w nauke za posrednictwem platform edukacyjnych? RQ3: Jak
uczniowie z Polski, Ukrainy i Kazachstanu oceniajg przydatnos¢ réznych rodzajow tresci publiko-
wanych na platformach edukacyjnych i czy uzywaja réznych platform do udostgpniania swojego
kodu? RQ4: Jak studenci z Polski, Ukrainy i Kazachstanu oceniaja elementy kurséw na platformach
edukacyjnych, ktore uwazajg za najwazniejsze lub najbardziej przydatne? RQS5: Jak studenci z Pol-
ski, Ukrainy i Kazachstanu oceniaja warto$¢ kursow oferowanych na platformach edukacyjnych.
Zaproponowano pi¢¢ hipotez: Kraj pochodzenia nie wptywa na czestotliwos¢ korzystania z platform
edukacyjnych. Kraj pochodzenia wptywa na tematy kursow, ktorymi studenci sa zainteresowani na
platformach edukacyjnych. Kraj pochodzenia nie wptywa na motywacj¢ do uczestnictwa w kursach
na platformach edukacyjnych. Kraj pochodzenia nie wplywa na oceng¢ elementéw kursow na plat-
formach edukacyjnych, ktére studenci uwazaja za najwazniejsze lub najbardziej przydatne. Kraj
pochodzenia wptywa na ocene wartosci kursow oferowanych na platformach edukacyjnych. Naj-
popularniejszymi tematami na platformach edukacyjnych sg programowanie i sieci komputerowe,
natomiast studentow z Kazachstanu bardzo interesuja takze tematy zwiazane ze sztuczng inteligencja
i grafika komputerowa. Dodatkowo przeanalizowano warunki ksztalcenia i nauczania modutow
specjalistycznych na kazdej uczelni, m.in. wymagania nauczycieli, programy nauczania, mozliwos¢
praktycznego wdrozenia nowej wiedzy przez studentow. Rowniez analizowano elementy zaje¢, ktore
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sa dla studentéw najbardziej istotne, m.in. nagrania wideo wyktadow, filmy instruktazowe, zadania
praktyczne i rozwigzania zadan. Na zakonczenie artykutu przedstawiono dyskusj¢ i wnioski.

Stowa kluczow e: Platformy edukacyjne, Opinia studentow, Tutoriale, Cwiczenia praktyczne,
Kwestionariusz, Test Kruskala-Wallisa

Matgorzata Przybyta-Kasperek, Kornel Chrominski, Eugenia Smyrnova-Trybulska, Nataliia
Morze, Ainur Bazarbayeva

Importancia, popularidad y elementos de las plataformas educativas:
estudio de las opiniones de estudiantes de Polonia, Ucrania y Kazajstan

Resumen

El articulo presenta un analisis comparativo de los resultados de una investigacion internacional
sobre las opiniones de estudiantes de informatica de Polonia, Ucrania y Kazajstan sobre la importan-
cia, la popularidad y los elementos de las plataformas educativas. Se utilizé la prueba estadistica de
Kruskal-Wallis. Se respondieron las siguientes preguntas de investigacion: RQl: ;Qué plataformas
educativas, en general, son las mas populares entre los estudiantes de Polonia, Ucrania y Kazajstan
y qué plataformas especificas? RQ2: ;Qué temas se buscan con mas frecuencia en las plataformas
educativas y qué motiva a los estudiantes de Polonia, Ucrania y Kazajstan a participar en el apren-
dizaje a través de plataformas educativas? RQ3: ;Cémo evaliian los estudiantes de Polonia, Ucrania
y Kazajstan la utilidad de los diferentes tipos de contenidos publicados en las plataformas educativas,
y utilizan varias plataformas para compartir su codigo? RQ4: ;Cémo evaliian los estudiantes de Po-
lonia, Ucrania y Kazajstan los elementos de los cursos de las plataformas educativas que consideran
mas importantes o utiles? RQ5: Cémo evaltian los estudiantes de Polonia, Ucrania y Kazajstan el
valor de los cursos ofrecidos en plataformas educativas. Se proponen cinco hipotesis: El pais de
origen no afecta a la frecuencia de uso de las plataformas educativas. El pais de origen afecta a los
temas de los cursos que interesan a los estudiantes en las plataformas educativas. El pais de origen no
afecta a la motivacion para realizar cursos en plataformas educativas. El pais de origen no afecta a la
evaluacion de los elementos de los cursos en plataformas educativas que los estudiantes consideran
mas importantes o ttiles. El pais de origen afecta a la evaluacion del valor de los cursos ofrecidos
en las plataformas educativas. Otra hipotesis es que el pais de origen de un estudiante influye en los
temas de los cursos que les interesan en las plataformas educativas. Los temas mas populares en las
plataformas educativas son la programacion y las redes informaticas, mientras que los estudiantes
de Kazajstan también estan muy interesados en temas relacionados con la inteligencia artificial y los
graficos por ordenador. Ademads, se analizaron las condiciones de educacion y ensefianza de modulos
especializados en cada universidad, p.e. Requisitos de los profesores, planes de estudio, posibilidad
de implementacion practica de nuevos conocimientos por parte de los estudiantes. Ademas, aquellos
elementos del curso que son mas importantes para los estudiantes, p.e. Se analizaron grabaciones de
video de conferencias, videos instructivos/instructivos, tareas practicas y soluciones de tareas. Al final
del articulo se presenta una discusion y conclusiones.

Palabras clave: Plataformas educativas, Opinion de los estudiantes, Tutoriales, Tarea practica,
Cuestionario, Pruebas de Kruskal-Wallis
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Masnroara [Tum6suia-Kacnepek, Kopuen Xpomunckwuii, EBrenust CmupHoBa-TprIOysibcka,
Haranbs Mop3e, Alinyp bazapbaepa

Ba?l(HOCTL, MOMyJIIPHOCTDb M 3JICMEHTbI 06pa30BaTeJIbeIX IlJIaT(l)OpM -
HCCJICI0BAHUE MHeHHI CTYICHTOB U3 HOJII)IIII/I, praI/IHbI u Ka3zaxcrana

AHHOTANUA

B craTbe npencTaBiaeH CpaBHUTENBHBIN aHAIM3 PE3YIbTaTOB MEKITyHAPOIHOTO UCCIIEI0BAHUS
MHEHHUH CTyJeHTOB-KOMIbIoTepuInKoB U3 [lonbiu, Ykpaunsl u Kaszaxcrana o Ba)KHOCTH, MOILY-
JISIPHOCTHU M DJIEMEHTax 00pa30BaTeNbHBIX IuIathopM. Vcrmonbp30Baics CTaTHCTUIECKUH KPUTEpHA
Kpackena-Yomnmca. Beiin 1aHbl OTBETHI Ha CIIEyIOIINE BONIPOCH nccienoBanus: RQL: Kakne 06-
Ppa3oBaTenbHbIE IUIAaT(GOPMEI B IIETIOM HanOosIee NOMyISIPHBI CPeH CTYACHTOB 13 [lonbimy, YKkpanHs!
n Kazaxcrana u kakue koHKpeTHO? RQ2: Kakue Tembl yaie BCero Uiyt Ha 00pa3oBaTeIbHBIX TUIAT-
(dopmax u uto MoTUBHpPYeT cTyAeHTOB u3 [lombim, Ykpanus! n Ka3axcrana yqacTBoBaTh B 00y4eHNUH
¢ moMoIIIbI0 00pa3oBarenbHbIX miaTGopm? RQ3: Kak crynents! u3 [onbim, Ykpauns! u Kazaxcrana
OLICHMBAIOT MOJIC3HOCTH PA3JIMYHBIX THIIOB KOHTEHTA, Pa3MEIIEHHOr0 Ha 00pa30BaTeNbHBIX ILIAT-
(opmax, U UCIIONB3YIOT JIM OHU Pa3INYHbIe I1aT(opMBl 11t ooMeHa kogom? RQ4: Kak cTyneHTs! u3
[Momemn, Yrpanns! 1 Ka3axcTaHa OIeHHBAIOT T€ HJIEMEHTHI KypCcOB Ha 00pa30BaTeNbHbIX IUIaTGOp-
Max, KOTOpbIe OHHM CYMTAIOT Hanbosee BayKHBIMH HiIH Tosie3HbIMU. RQS: Kaxk crynentst u3 [lonpmmmy,
Vkpauns! 1 Kazaxcrana olleHHBAIOT IIEHHOCTh KYPCOB, IIpe/iiaraeMbelX Ha 00pa3oBaTeNIbHbIX IIaT-
¢dopmax. [Ipemnaraercs msate runotes: CTpaHa IPOUCXOKICHHS HE BIMSET Ha YaCTOTY UCIIONB30Ba-
HUs oOpa3oBarenbHbIX ardopm. CTpaHa NPOUCXOXKICHHS BIMSET Ha TEMATHKY KypCOB, KOTOPBIE
HMHTEPECYIOT CTYJCHTOB Ha 00pa30BaTeNbHEIX Mm1aropmax. CTpaHa IPOMCXOKACHHS HE BIUSIET HA
MOTHBAIIMIO K M3YyUCHUIO KypcOB Ha 00pa3oBaTenbHbIX mIaTdopmax. CTpaHa MPOUCXOXKACHHS HE
BIIMSIET HA OLIEHKY 3JIEMEHTOB KypCOB Ha 00pa30BaTeNbHbIX IIAaT(GOpMax, KOTOPEIE CTYIEHTHI CUH-
TaloT Hanbosee BaXKHBIMH WM 10J1e3HBIMU. CTpaHa MPOUCXOXK/IEHHUS BIUSAET HAa OLEHKY HIEHHOCTH
KypCOB, IIpe/laraeMbIX Ha 00pa3oBaTeNbHbIX Iiargopmax. [pyras rumoresa 3akiI04aeTcsi B TOM,
YTO CTpaHa MIPOUCXOXKJICHUS CTYICHTA BIUSET Ha TEMBI KypCOB, KOTOPbIE HHTEPECYIOT CTYIEHTOB Ha
obpasoBaTenbHbIX I1aTdGopmax. CaMbIMU HOMYIISIPHBIMU TEMaMH Ha 00pa30BaTeNbHbIX IIaTdopmax
SIBIAIOTCS TIPOTPAMMUPOBAaHNE M KOMITBIOTEPHBIEC CETH, IIPU 3TOM CTyIeHTOB U3 Kazaxcrana Taxxe
0YEHb HHTEPECYIOT TEMBI, CBA3aHHBIE C ICKYCCTBEHHBIM HHTEIIEKTOM H KOMIBIOTEPHOH IpaduKoi.
Kpowme Toro, 6611 IpoaHaIu3UPOBAHB! YCI0BHS 00pa30BaHUs U MIPEMOJaBaHUs CIIEIHaTN3HPOBaH-
HBIX MOJYJIEH B Ka)KJIOM YHUBEPCHUTETE, HAlpuMep: TpeOOBaHUsI IIperioiaBaTesei, yueOHble IIaHbl,
BO3MOMKHOCTb IIPAKTUYECKOTO IPUMEHEHUsSI CTY[JeHTaMU HOBBIX 3HaHUM. KpoMme Toro, Te aeMeHTbl
Kypca, KOTOpble HanboJiee BaXKHBI [UIsl CTYACHTOB, HAIpUMED, aHAIM3HPOBAIHNCH BUIC03aMNCH
JIeKIHH, 00ydJarolue BUACOPOIUKH, TPAKTHIECKNE 3aJaHUs U pelIeHus 3a1ad. B koHme craren
TIPE/ICTAaBICHBI 00CYKICHHE 1 BBIBOJIBI.

KnroueBrre cioBa: Obpa3oBarensHble miaTrGopMsl, MHEHHE CTYAEHTOB, Y4eOHbIEe TOCOOHs,
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Abstract

This study investigated Nigerian university students’ awareness and how this
influences their perception and use of Open Educational Resources (OER). The
study adopted a descriptive method of quantitative research. 4 research questions
were developed and answered and a hypothesis was also tested to determine the
relationship between students’ awareness of and their perceptions of OER. Per-
centage, frequency, mean, standard deviation and t-test were used for the analysis.
A correlation coefficient was employed to test the hypothesis. The findings of the
study were: Nigeria university students have a high level of awareness of OER;
the most popular OER among the Nigeria university students were Coursera, EdX,
and OpenStax; OER are generally well-perceived by Nigerian university students;
lack of digital literacy skills and lack of adequate knowledge to determine the qual-
ity assurance of OER are the only challenges hindering the effective use of OER
among the students, and there is a significant relationship between awareness and
the perception of OER by the students. The study concluded that the majority of
Nigerian university students are familiar with OER and have positive perceptions
of OER. The research recommends that educational institutions provide training
on digital literacy skills for students to access and effectively use these OER. Also,
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efforts should be made to improve the quality assurance mechanisms for OER,
including the involvement of educational experts in reviewing and curating OER
materials. Lastly, universities, lecturers and librarians should continue to promote
OER usage in teaching and learning activities to promote its adoption.

Keywords: Open Educational Resources (OER), Technology Adoption, Aware-
ness, Perception, University Students

Introduction

Among the major problems being faced today in education are the low avail-
ability of good quality educational materials and the increasing cost of access to
those materials in many locations. The widespread availability of internet access
has opened up new possibilities for accessing educational content and resources.
The study by Colvard, Watson, and Park (2018), revealed that “Online platforms,
digital libraries, and learning management systems have become integral compo-
nents of educational institutions, providing students with unprecedented access to
a vast array of educational materials. The internet enables easy dissemination of
information, facilitates collaborative learning, and promotes self-directed learning
opportunities (Raja & Nagasubramani, 2018). The integration of Internet technol-
ogy into the educational system has revolutionized the way students access and
interact with educational resources (Emeka & Nyeche, 2016). One significant de-
velopment in this regard is the emergence of Open Educational Resources (OER).

There are numerous attempts to define the concept of Open Educational Re-
sources (OER). UNESCO (2015) defined OER as teaching, learning, and research
materials in any medium, digital or otherwise, that reside in the public domain or
have been released under an open license that permits no-cost access, use, adapta-
tion, and redistribution by others with no or limited restrictions. According to Wiley
and Hilton lii, (2018), “OER are freely accessible and openly licensed educational
materials that can be used, shared, and modified by educators and learners”. These
resources encompass a wide range of content, including textbooks, lecture notes,
multimedia materials, and interactive learning modules. A definition of OER should
highlight that a license should be as open as possible and that anyone can access,
repurpose or adapt the resources.

The adoption of OER holds immense potential for enhancing the user experi-
ence and improving access to educational resources, particularly among university
students in Nigeria. Open Educational Resources have provided students with new
chances to overcome the restrictions of printed materials in terms of time and loca-
tion. OER are educational materials that are freely available and openly licensed,
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allowing users to access, use, adapt, and redistribute them without legal or finan-
cial barriers. OER encompass various formats, including textbooks, lecture notes,
courseware, simulations, and multimedia resources (Zimmermann, Mayweg-Paus,
Ruwe, & Maine, 2023).

Colvard, et al., (2018) pointed out that Open Educational Resources play
a crucial role in the educational system by fostering accessibility, affordability, and
inclusivity. Analyzing their findings, the adoption of OER provides several key
benefits. Firstly, OER can significantly reduce the financial burden on students,
as they can access high-quality learning materials for free or at a much lower
cost compared to traditional textbooks. The affordability aspect makes education
more accessible to students from economically disadvantaged backgrounds. Open
educational resources promote inclusivity by providing educational resources in
multiple languages and accommodating diverse learning styles. Open licensing
allows educators to adapt and customize the materials to suit the specific needs of
their students, thereby enhancing the relevance and effectiveness of the learning
experience. Additionally, OER facilitate the sharing of best practices, enabling edu-
cators to learn from one another and collaboratively develop educational content
(Cheung, Wong, & Li, 2023).

Massachusetts Institute of Technology (MIT), in 2001, made all of its courses
available on the Internet for free. As the number of institutions adopting free or
Open Courseware (OCW) keeps increasing, UNESCO in the year 2002 held the
inaugural Global Open Educational Resources Forum where the term “OER” was
coined. The forum emphasized the importance of OER in increasing access to
education, particularly in developing nations. The outcome of this Forum has made
many institutions and organizations around the world start providing open access
to their courseware (Umar, Kodhandarama, & Kanwar, 2013). Today, OER have
become a medium for increasing global access to high-quality educational content
by making high-quality courses and materials freely available online (Ofoegbu,
Asogwa, & Ogbonna, 2021). OER is a concept that intends to bridge the educa-
tional gap by making high-quality learning resources available for free. OER can be
utilized to improve higher education quality and give more people the opportunity
to get higher education at a lower cost (Raja & Nagasubramani, 2018).

Several Nigerian educational institutions have made commendable efforts to
embrace OER and incorporate them into their teaching and learning practices.
For instance, Ahmadu Bello University (ABU) has developed an OER repository
that provides open access to a wide range of learning resources, including lecture
notes, past examination questions, and course materials. This initiative has not only
enhanced access to quality educational resources but also encouraged collaborative
content creation among ABU faculty members (Ikegulu & Oranusi, 2014). The
study of Agbu, Mulder, De Vries, Tenebe, and Caine (2016), also supported that the
National Open University of Nigeria (NOUN) has been a pioneer in OER adoption.
NOUN has developed its own OER platform, called the NOUN OER Repository,
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which houses a diverse collection of learning materials for various disciplines. This
initiative has enabled NOUN students to access up-to-date resources and engage in
self-directed learning, thereby enriching their educational experience.

Despite the potential benefits of OER, several challenges hinder its widespread
awareness and usage in Nigerian educational institutions. Firstly, limited internet
access and unreliable connectivity pose significant obstacles to the effective uti-
lization of OER. Inadequate infrastructure and insufficient internet penetration
in certain regions of Nigeria restrict students’ ability to access online educational
resources consistently (Zaid & Alabi, 2021). Secondly, a lack of awareness and
understanding among educators and students about OER limits their adoption.
Many educators are unfamiliar with the concept of OER and the benefits they
offer. Consequently, they may be hesitant to explore and integrate OER into their
teaching practices. Students, on the other hand, may not be aware of the existence
of OER or how to locate and effectively utilize these resources (Gambo & Sani,
2017). Also, the absence of institutional policies and support systems for OER
integration hampers their adoption. The lack of clear guidelines and incentives for
educators to create and share OER contributes to the limited availability of open
educational resources. Additionally, the absence of a sustainable funding model
for OER initiatives poses challenges to their scalability and long-term viability
(Zaid & Alabi, 2021).

To enhance the usability and uptake of OER in Nigerian universities, sev-
eral strategies can be employed. Firstly, it is essential to raise awareness and
build capacity among educators and students regarding OER. Training programs,
workshops, and professional development sessions can be organized to educate
stakeholders about the benefits of OER, how to find and evaluate open educa-
tional resources, and how to integrate them effectively into teaching and learning
practices. Secondly, establishing institutional policies and support structures for
OER integration is crucial. Nigerian universities should develop guidelines and
frameworks that encourage educators to create, adapt, and share OER. Recogniz-
ing and rewarding faculty members for their contributions to open education can
incentivize their engagement with OER initiatives. Collaborative platforms and
communities of practice can be established to facilitate the sharing of OER and fos-
ter a culture of collaboration and innovation among educators.

Thirdly, addressing the infrastructure challenges related to internet access and
connectivity is essential. Nigerian universities should invest in improving internet
infrastructure and providing reliable and affordable internet access to students
and educators. Efforts should be made to bridge the digital divide and ensure
equitable access to educational resources, particularly in underserved areas (Tlili,
et al., 2022).
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Statement of the Problem

The utilization of Open Educational Resources (OER) in Nigerian universities
has gained attention as a potential solution to challenges such as limited access
to quality educational materials and the high costs of traditional textbooks for
anybody who wants to study. Oluwayimika and Idoghor (2023) stated that “Stu-
dents still continue to struggle with using online learning and research platforms
to address and respond to their research demands. This could be due to a lack of
user-friendliness of the platforms. And users will not utilize a site if it is difficult to
obtain its material (Okwu, Ogunbodede, & Suleiman, 2023). So, the accessibility of
OER platforms is one of the most important factors to determine their adoption by
users. Hence, the user experience and perception of OER among Nigerian universi-
ty students remain largely unexplored, which is what this study aims to investigate,
by examining the factors influencing their usage patterns, perceptions, and barriers.

The Objective of the Study

The main purpose of this study was to examine the awareness and perception
of OER among Nigerian university students. Precisely, this study:
1. Assessed the level of awareness of OER and the most commonly used Open
Educational Resources (OER) among Nigerian university students;
2. Investigated how the students perceive OER; and lastly
3. Examined the challenges of using OER among Nigerian university students.

Literature Review

The perception of any technology is primarily influenced by the level of infor-
mation available at a time about the technology and the simplicity with which it
could be used. Open Educational Resources (OER) are digital educational materials
that can be used by both teachers and their students freely. These resources include
classroom activities, quizzes, textbooks, multimedia applications, and course
models (Wiley et al., 2018). As established in the study of Fabunmi and Onasanya
(2023), that teachers’ attitudes towards any learning-enhance technology have a sig-
nificant effect on how the students would perceive the technology. This, therefore,
means that teachers are one of the influential factors in the adoption of technology
for teaching and learning in our institutions. The adoption of OER in higher institu-
tions is becoming increasingly important, as resources have the potential to save
costs, enhance teaching and learning experiences, promote collaboration among
educators, and support professional development (Wiley et al., 2018).
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The study conducted on the use of OER by Nagaiah and Thanuskodi (2021),
has revealed that most students at Alagappa University in India were aware of
OER and use them for educational purposes. In the African context, the findings
of Oppong and Maluleka (2022) on the evaluation of users’ awareness and use of
research assistance platforms among undergraduates at Kumasi Technical Univer-
sity in Ghana showed that most of the students were unaware of the university’s
online library research help platforms. Most students were unable to identify
the online library research help platforms they had lately used in the university
library or elsewhere. The results also showed that undergraduate students found
the research platforms difficult to use. The study, therefore, recommended that the
University library should adopt awareness strategies that inform the students of
the existence and benefits of this library research assistant and to employ a user-
friendly platform.

Similarly, Wiche and Ogunbodede’s (2021) study on awareness and use of
OER by library and information science students at the Ignatius Ajuru University
of Education in Rivers State here in Nigeria revealed that students have a high
degree of awareness of OER and a high level of use of various forms of OER. But
the study pointed out information literacy skills, insufficient electrical supply, bad
internet access, lack of library sensitization, and lack of support from lecturers on
the usage of OER as the major barriers to the effective usage of OER. And basi-
cally, it suggested that. school administration should organize digital literacy skills
training for students. In contrast, Itasanmi (2020) examined the OER awareness and
their usage among open and distance learning students in southwestern Nigeria.
The results of the findings showed that though the students use OER often, except
that their general knowledge of the repositories was limited. The participants had
a positive perception of OER in general, and they profited from using the materials
in a variety of ways.

In terms of the benefits of OER, Pounds and Bostock (2019), opined that OER
have the potential to increase teaching efficiency, improve the quality of teaching,
and reduce economic and geographic barriers to quality education. However, there
are also challenges and hindrances to the access and use of OER, these include low
awareness, copyright policies, mistrust in OER quality, and technological limita-
tions (Pounds & Bostock, 2019).

No doubt that some of the reviewed studies are similar to this present study
because some of them examined OER, usage, usability level, and the challenges
in the use of OER among undergraduate students. However, the researchers iden-
tified some aspects of these studies that were different from the previous studies.
For instance, none of the studies proved statistically the relationship that exists
between awareness and perception of OER. Hence, this study intends to fill this
gap as it will prove statistically the relationship that exists between awareness and
perception of OER among Nigerian undergraduate students.
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Methodology

This research was a descriptive method of quantitative research. A total of
30 students from the Faculty of Education of the University of Abuja were ran-
domly sampled to participate in the study. The 30 students, representing 30% of
the total population of 100 students considered for the study were chosen using
a simple random sampling procedure. This study’s sample size was determined
using the Taro Yamane sample model. The instrument used to collect data was
a questionnaire. Experts in educational technology evaluated the questionnaire.

The questionnaire was tested for reliability on ten (10) randomly selected stu-
dents from the Faculty of Law of the same university, using an independent sam-
pling technique as it allows for the selection of samples from the same population
to be used for the study for pilot testing. The Faculty of Law of the university was
selected as it is not the one targeted for the study. The data gathered from the pilot
study was analyzed to check for internal consistency of reliability and the Cronbach
alpha value of 0.98 was obtained. So, the questionnaire was deemed credible based
on the coefficient obtained.

Data were collected using a researcher-designed questionnaire titled “Assess-
ing the Awareness and Perception of OER among Nigerian University Students
(AAPOER). It was divided into two parts. Part A elicited demographic information
from the respondents while Part B sought information based on university students’
awareness and use of OER. The response to each of the items was weighted on
a 4-point Likert-type scoring scale. Strongly Agree (SA) = 4 points, Agree (A) =
3 points, Disagree (D) = 2 points and Strongly Disagree (SD) = 1 point. From the
scale, a criterion score of 2.5 was adopted. The 2.5 Criterion score was arrived at
as thus: (4+3+2+1) /4 = 2.5. So, items that have a mean score greater than or equal
to the criterion score of 2.5 were accepted while the items below 2.5 were not ac-
cepted. The data collected were analysed using descriptive statistics (frequency
counts, percentages, and mean), while a correlation coefficient was used to test
the hypothesis.

Research Questions

The following research questions were set to guide the study:

. What is the student’s level of awareness of OER?

2. What are the most commonly used Open Educational Resources (OER) among
Nigerian university students?

3. How do Nigerian university students perceive the quality and usefulness of
OER in their learning experience?

4. What are the challenges being faced by Nigerian university students when ac-
cessing and using OER?

—
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Hypothesis

There is no significant relationship between the awareness and perception of
OER among Nigerian university students.

Data analysis

The data collected were coded, edited, and analysed. Descriptive statistics was
the statistical tool used for analysing the data. In order to get the position of the
respondents on the items that were given, frequency counts and percentages were
used to analyse research question 2 while mean and standard deviation were used
for the analysis of research questions 1, 3 and 4. The null hypothesis was tested by
the Pearson Product — Moment Correlation Coefficient using Excel. The results
are presented and discussed in the subsequent sections.

Analyses Regarding Research Questions and Hypothesis

Analysis of the background data of the respondents is presented in Table 1
below:

Table 1
Demographic Characteristics of Respondents
Gender of the Respondents Frequency Percentage (%)
Male 23 76.7
Female 7 23.3
Total 30 100

Source: Own work.
25
20
15
10

5 n
0

Male Female

Figure 1. Demographic Characteristics of Respondents

Source: Own work.
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Table 1 with figure 1 shows that 23(76.7%) of the students were male while
7(23.3%) were female. This implies that the majority of the students under study
were male.

The findings of the study are presented in the following tables with explana-
tions.

Research Question 1: What is your level of awareness of open educational
resources?

The first research question sought to investigate the level of students’ awareness
of OER. The results are presented in Table 2.

Table 2
Student’s Level of Awareness
S/IN Awareness of OER SA A D SD Mean S.D. Remark
1. | am aware of open educational 16 12 1 1 3.4 0.61 High-Level
resources Awareness
2. | am aware that OER provides 15 12 2 1 3.4 0.64 High-Level
quality free materials for learning Awareness

and research.
3. | am aware that open educational 17 12 1 0 3.5 0.58 High-Level

resources are in online/electronic Awareness
format

4. | am aware that open educational 15 13 2 0 3.4 0.61 High-Level
resources are readily avail- Awareness
able for teaching, learning, and
research.

5. | am aware that anyone can le- 13 14 2 1 3.3 0.69 High-Level
gally and freely copy, adapt and Awareness
re-share OER.

Grand Mean 34 0.63

Source: Own work.

Table 2 shows the student’s level of awareness of OER. All the items in Table 2
have mean values that are above the criterion mean of (2.5); also, the grand mean
(3.4) is greater than the criterion mean (2.5). This shows that the students have
a high level of awareness of OER.

One-sample t-test was conducted to determine if the sample mean, based on
a sample size of 30, a population mean of 3.512, a sample mean of 3.4, and a sam-
ple standard deviation of 0.63, is significantly different from the population mean.
The calculated t-value was approximately -0.974. When comparing this to the
critical t-value at a 0.05 significance level with 29 degrees of freedom, the absolute
value of the t-value was found to be less than the critical t-value (1 -0.974 | <2.045).
As such, there is insufficient evidence to reject the null hypothesis. Therefore, it
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is concluded that the sample mean awareness of OER is not significantly different
from the overall population mean awareness at 0.05 level of significant.

Research Question 2: What are the most commonly used Open Educational
Resources (OER) among Nigerian university students?

The second research question sought to find out the mostly used OER among
Nigerian students. The results are presented in Table 3.

Table 3
Most commonly used Open Educational Resources (OER) among Nigerian uni-
versity students

OER Frequency Percentage (%)
OER Commons 9 30.02
OpenStax 6 20.00
Coursera 5 16.66
Khan Academy 4 13.33
MIT Open Courseware 3 10.00
EdX 2 6.66
Others 1 3.33
Source: Author.
Frequency

mOER Common

= OpenStax
30.02%
m Coursera

13.33% »

Khan Academy
16.66% = 20% =MIT Open Courseware
mEdX

Figure 2. Most commonly used Open Educational Resources (OER) among Nige-
rian university students. (in percentage)

Source: Own work.

Table 3 with figure 2 shows that the most commonly used OER among the
respondents were OER Common, OpenStax, and Coursera with 30.02%, 20.00%
and 16.66% respectively. These three OER accounted for over 60% of the total
respondents. The remaining respondents used a variety of other OER, including
Khan Academy, MIT Open Courseware, edX, and other unspecified OER. The ta-
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ble also revealed that the percentage of respondents who used each OER is evenly
distributed. This suggests that the 30 respondents are familiar with all the OER.

Research Question 3: How do Nigerian university students perceive
the quality and usefulness of OER in their learning experience?

The third research question sought to find out how Nigerian university students
perceive the quality and usefulness of OER in their learning experience. The results
are presented in Table 4.

Table 4
Perception of Nigerian university students of OER
Students’ Perception of OER SA A D SD Mean S.D. Remark
| find OER to be of high quality. 16 11 2 1 3.4 0.71 Well-Perceived

| find OER to be useful in my learning 15 13 1 1 3.4 0.69 Well-Perceived
experience.

OER have helped me to improve my 15 12 2 1 3.4 0.71 Well-Perceived
academic performance.

OER have made it easier formetoac- 17 12 1 0 3.5 0.64 Well-Perceived
cess high-quality education.

OER have helped me to save money 14 12 2 2 3.3 0.82 Well-Perceived
on textbooks.

Grand Mean 3.4 0.76

Source: Own work.

Table 4 reveals the student’s perception of OER. All the items in Table 4 have
mean values that are above the criterion mean of (2.5), also, the grand mean (3.4)
is greater than the criterion mean (2.5), which indicates that OER are generally
well-received by Nigerian university students.

To determine whether the sample mean is significantly different from the
population mean, one-sample t-test was carried out. The calculated t-value of —1.44
falls within the range (—2.045<-1.44<2.045), indicating that there is not enough
evidence to reject the null hypothesis. Therefore, there is no sufficient grounds to
conclude that the sample mean is significantly different from the population mean
at the 0.05 significance level. Hence, this analysis suggests that there is no statisti-
cally significant difference between the sample mean and the population mean. The
perception of sample mean of OER is not significantly different from the overall
population mean perception at 0.05 level of significant.
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Research Question 4. What challenges do Nigerian university students face
when accessing and using OER?

The fourth research question sought to investigate the potential challenges in
accessing and using OER. The results are presented in Table 5.

Table 5
Challenges in the Use of OER
S/IN Challenges in using OER SA A D SD Mean S.D. Remark
1. Lack of digital literacy skills 8 16 5 1 3.0 080 Agree
2. Lack of awareness of Intellectual 2 3 18 7 2.0 0.75 NotAgree

Property Right Issues

3. Lack of library/lecturer sensitization 2 2 18 8 1.3 0.76 NotAgree
on the use of OER

4. Lack of awareness of the availabilty 2 2 15 11 1.8 0.81 NotAgree
of OER.

5. Poor Internet connectivity 1 2 19 8 1.9 0.68 NotAgree

6. Lack of relevant OER materialsinmy 1 2 16 12 1.7 0.69 NotAgree
course of study

7. Lack of adequate knowledge to 11 10 5 4 29 0.75 Agree
evaluate OER.
Grand Mean 20 0.72

Source: Own work.

Table 5 reveals the challenges in the use of OER by the students. Items 2—6
have mean values that are lesser than the criterion mean of (2.5), and the grand
mean (2.0) is also less than the criterion mean of (2.5). Item 1 and 7, have a mean
value that is above the criterion mean of (2.5). This indicates that item 1, which is
the lack of digital literacy skills and item 7, which is the lack of adequate knowl-
edge to determine the quality assurance of OER, are the only challenges hindering
the effective use of OER in this study.

One-Sample T-Test Analysis was carried out to determine if the sample mean
is significantly different from the population mean at a 0.05 significance level. The
result revealed that the calculated t-statistic (1.68) is less than the critical t-value
(1.699), the null hypothesis is not rejected. This implies that there is insufficient
evidence at the 0.05 significance level to conclude that the sample mean is signifi-
cantly different from the population mean. Therefore, we do not have grounds to
suggest a significant deviation of the sample mean from the population mean in
terms of the challenges in the use of OER.

Hypothesis Testing

There is no significant relationship between the awareness and perception of
OER among Nigerian university students.
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Table 6
Relationship between awareness and perception of OER by students
Awareness Perception
Awareness 1
Perception 0.790569415 1

Source: Own work.

Table 6 presents the relationship between awareness and the perception of OER
by students. This relationship between the two factors was tested by the Pearson
Product — Moment Correlation Coefficient using program spreadsheet application
of Excel. The calculated correlation coefficient between awareness and perception
was 0.790569415. A t-test was conducted to determine the statistical significance
of this correlation coefficient. The test statistic was found to be 2.058, which is
greater than the critical value of 1.833 at a significance level of 0.05. Therefore,
the null hypothesis was rejected which means that the correlation coefficient is
statistically significant.

Hence, there is a significant relationship between awareness and the perception
of OER by students of Nigerian universities. This implies that when Awareness
goes up, Perception tends to rise as well.

Discussion

This study assessed the level of awareness and perception of OER among
Nigerian university students. This seeks to check their perception of OER and the
mostly used OER among the students. The analysed data revealed that Nigerian
university students are highly aware of OER. This is reflected in the grand mean
score of 3.4. This finding conforms with the finding of Nagaiah & Thanuskodi
(2021), that the majority of students are aware of OER. The high level of awareness
could be attributed to the high cost of textbooks and other physical learning materi-
als. This could also be due to several OER promotion campaigns and workshops
across the Nigerian universities. It will be recalled that since MIT announced its
Open Courseware Program in 2001, OER have gradually become popular in higher
institutions of learning.

The results of this study also revealed the most popular OER among Nigerian
university students. Analysis of the data collected shows that OER Commons,
OpenStax, and Coursera were the most used OER with 30.02%, 20.00% and
16.66% respectively. These three OER accounted for over 60% of the total re-
spondents. This finding is in support of the study of Hew and Cheung (2013) in
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which it was reported that different types of OER were accessed by the respondents
of which video resources were the most frequently used. This is also in line with
the study of Harsasi (2015) in which some students responded that by watching
the video, they can see the examples of a topic they are studying in a real case.
The students responded that watching videos while learning a topic, is more at-
tractive, and avoids boredom, rather than only reading a text.

From the analyzed data, it was revealed that OER were positively perceived by
the students as having the capacity to improve their learning experience. This can
be attributed to the fact that OER are of high quality, OER could be used to access
qualitative education and can enhance the learning experience, among other factors.
This confirms the findings of the study by Harsasi (2015), which opined that the
use of OER is perceived by students as something interesting because it’s new for
them and can help them to have a better understanding of a topic.

The only challenges to effective use of OER as revealed in this study are lack of
digital literacy skills and the lack of adequate knowledge to determine the quality
assurance of OER. This finding is in agreement with the findings of Hylén (2020),
who also found that among other major challenges to the effective use of OER is
a lack of internet search skills and time to look for suitable resources.

Finally, the hypothesis test reveals that there is a significant relationship be-
tween awareness and perception of OER among Nigerian university students.
The level of awareness of OER among the students will help shape their percep-
tions about it. This study supports the findings of Manzo & Kannan (2020), who
opined that students’ perception and use of e-resources are highly influenced by
students’ awareness of them.

Conclusion and Recommendations

The increasing rise of OER awareness is helping to reposition educational of-
ferings in higher institutions around the world, most especially in underdeveloped
countries where access to high-quality educational materials is capital-intensive.
Nigerian university students are highly aware of OER as revealed in this study and
that the only challenges to the effective use of OER are a lack of digital literacy
skills coupled with a lack of required skills to determine the quality assurance of
OER. There is also an indication that OER are generally well-perceived by Nige-
rian university students. The students find OER to be of high quality, useful, and
helpful in their learning experience. OER have also helped students to save money
and improve their academic performance.

The hypothesis test reveals that there is a significant relationship between the
students’ awareness of OER and their perception of them. It is therefore recom-
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mended that the school administrators and librarians provide adequate training on
digital literacy skills for students to effectively access and use OER. Also, efforts
should be made to improve the quality assurance mechanisms for OER, including
the involvement of educational experts in reviewing and curating OER materials.
Again, institutions should intensify their collective and individual efforts in pro-
moting OER usage among students to sustain its use. It is important to note that
this is just a small sample of the data that could be collected on this topic. A larger
study would be needed to confirm these findings and to explore other factors that
may influence students’ perceptions and use of OER.
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Ocena Swiadomosci i postrzegania otwartych zasobéw edukacyjnych (OER)
wSsrod studentéw nigeryjskich uniwersytetow: studium przypadku

Streszczenie

W badaniu tym zbadano $wiadomos¢ studentéw nigeryjskich uniwersytetow oraz wptyw, jaki ma
to na ich postrzeganie i korzystanie z otwartych zasobow edukacyjnych (OER). W badaniu przyjgto
opisowa metode badan ilosciowych. Opracowano cztery pytania badawcze i udzielono na nie odpo-
wiedzi, a takze przetestowano hipotez¢ w celu okreslenia zwigzku pomigdzy swiadomoscia uczniow
a ich postrzeganiem OER. Do analizy wykorzystano procent, czestotliwo$é, srednig i odchylenie
standardowe. Do sprawdzenia hipotezy wykorzystano wspotczynnik korelacji. Wyniki badania byty
nastepujace: studenci uniwersytetow w Nigerii maja wysoki poziom $§wiadomosci na temat OER;
najpopularniejszymi OER wsrdd studentow uniwersytetow w Nigerii byty Coursera, EdX i OpenStax;
OER sa na og6t dobrze postrzegane przez nigeryjskich studentow; brak umieje¢tnosci korzystania
z technologii cyfrowych i brak odpowiedniej wiedzy umozliwiajacej okreslenie sposobu zapewniania
jakosci OER to jedyne wyzwania utrudniajace skuteczne korzystanie z OER wsrdod studentow, przy
czym istnieje znaczacy zwiazek pomiedzy §wiadomoscia a postrzeganiem OER przez studentow.
Z badania wynika, ze wigkszo$¢ nigeryjskich studentow uniwersytetow zna OER i pozytywnie je
postrzega. W badaniu zalecono, aby instytucje edukacyjne zapewnialy studentom szkolenia w za-
kresie umiejetnosci informatycznych, umozliwiajace im dostep do OER 1 skuteczne korzystanie
z nich. Nalezy takze podja¢ wysitki w celu ulepszenia mechanizméw zapewniania jakosci OER,
w tym — zaangazowania ekspertow ds. edukacji w przegladanie i selekcje materialtow OER. Wreszcie,
uniwersytety, wyktadowcy i bibliotekarze powinni w dalszym ciggu promowac¢ wykorzystanie OER
w dziataniach dydaktycznych i edukacyjnych, aby upowszechniaé ich przyjecie.

Stowa kluczowe: Otwarte zasoby edukacyjne, przyjecie technologii, §wiadomos¢, postrze-
ganie, studenci
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Evaluacion DEL conocimiento y la Percepcion de los recursos educativos abiertos
(REA) Entre Estudiantes Universitarios Nigerianos: un estudio de Caso

Resumen

Este estudio investigo6 la conciencia de los estudiantes universitarios nigerianos y como esto
influye en su percepcion y uso de los Recursos Educativos Abiertos (REA). El estudio adoptd un
método descriptivo de investigacion cuantitativa. Se desarrollaron y respondieron cuatro preguntas
de investigacion y también se probo una hipotesis para determinar la relacion entre el conocimiento
de los estudiantes y sus percepciones sobre los REA. Para el anélisis se utilizaron porcentaje, frecuen-
cia, media y desviacion estandar. Se empled un coeficiente de correlacion para probar la hipdtesis.
Las conclusiones del estudio fueron: los estudiantes universitarios de Nigeria tienen un alto nivel
de conocimiento de los REA; los REA mas populares entre los estudiantes universitarios de Nigeria
fueron Coursera, EdX y OpenStax; En general, los estudiantes universitarios nigerianos perciben
bien los REA; la falta de habilidades de alfabetizacion digital y la falta de conocimiento adecuado
para determinar el aseguramiento de la calidad de los REA son los tinicos desafios que obstaculizan
el uso efectivo de los REA entre los estudiantes, y existe una relacion significativa entre el conoci-
miento y la percepcion de los REA por parte de los estudiantes. El estudio concluyd que la mayoria
de los estudiantes universitarios nigerianos estan familiarizados con los REA y tienen percepciones
positivas de ellos. La investigacion recomienda que las instituciones educativas brinden capacitacion
sobre habilidades de alfabetizacion digital para que los estudiantes accedan y utilicen efectivamente
estos REA. Ademas, se deben hacer esfuerzos para mejorar los mecanismos de garantia de calidad de
los REA, incluida la participacion de expertos en educacion en la revision y curacion de materiales
de REA. Por ultimo, las universidades, profesores y bibliotecarios deberian seguir promoviendo el
uso de REA en actividades de ensefianza y aprendizaje para promover su adopcion.

Palabras clave: Recursos Educativos Abiertos, Adopcion de Tecnologia, Conciencia, Percep-
cion, Estudiantes universitarios

Dabyamu Kazum Omnaits, SkyOoy Moparum Ymap

OneHka 0CBeJOMJIEHHOCTH H BOCIIPUATHUS OTKPBITHIX 00pa30BaTe/IbHbIX PecypcoB
(OOP) cpeau cTyieHTOB HUTePUIICKMX YHUBEPCUTETOB: NPAKTHYECKHI pUMep

AHHOTaNus

B 3TOM HCCIIem0BaHIN H3yYaaach OCBEIOMIICHHOCTh HUTEPUICKUX CTYICHTOB YHUBEPCUTETOB
U TO, KaK 3TO BIUSIET HA X BOCIIPHUSATHE M UCIIOJIb30BaHUE OTKPBITHIX 00Pa30BaTENbHBIX PECYPCOB
(OOP). B uccnenoBaHuu NPUHAT OMUCATENbHBIH METO/ KOJHMUYECTBEHHOTO UCCIeNoBaHUsA. boun
chopMyarpoBaHbI 4 HCCIE0BATENLCKHX BOIPOCA, Ha KOTOPBIE ObLIN JaHbl OTBETHI, @ TAKIKE MTPOBE-
peHa TuroTesa Jyis ONpeieNICH s B3aUMOCBSI3H MEXKy OCBEJOMICHHOCTBIO CTYACHTOB U UX BOCIIPH-
sitmeM OOP. J11s1 aHanm3a MCHoIb30BaJIMCh IPOIIEHT, YaCTOTa, CPEAHEE U CTAHAAPTHOE OTKIIOHCHHE.
JLu1st pOBEPKU TUIIOTE3bI OBLT UCTIONB30BaH KOA(D(MHUIIUEHT KOPPEISIUK. Pe3yIbTaThl HCCIIETOBAHUS
6but crnemyroummu: CTyIeHTbl YHUBEpCHTETOB HUreprnu MMErOT BBICOKHI YPOBEHB OCBEIOMIICH-
Hoctu 06 OOP; Hanbonee nmomynsipasiMu OOP cpenn cTyneHTOB yHHBepcuTeToB Hurepuu Obuin
Coursera, EdX u OpenStax; OOP 00b14HO XOpOIIIO BOCIPHUHUMAIOTCS CTYJCHTAMU HHUTEPHHCKUX
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YHHBEPCUTETOB; OTCYTCTBHE HABBIKOB LIH()POBOIT IPAMOTHOCTH M OTCYTCTBHE a/IeKBATHBIX 3HAHUH
Ui onpeneneHus: obecrieuenns: kauectBa OOP — enuHCTBEHHBIE TPOOIEMBI, MIPEISITCTBYIOIHE
s dexrrBHOMY Hcnons3oBanuio OOP cpenu ydamumxcs, U CyIecTBYeT 3HaUUTeIbHAS B3aHMOCBSI3b
MEXy OCBEXOMIEHHOCTEIO 1 BoctprsiTueM OOP yuanmmucs. VcciaenoBanue IPHIILIO K BEIBOAY, UTO
GOJIBILIMHCTBO CTYACHTOB HUTCPUICKHUX YHUBEPCHTETOB 3HAKOMBI ¢ OOP U TIOJIOKHUTENBHO OTHOCSTCS
K HuM. VccneioBanne peKoMeH 1yeT 00pa3oBaTebHbIM yUpEeKICHUSIM IIPOBOAUTH 00yYeHHE HABBIKAM
1 (POBOI rPAMOTHOCTH, YTOOBI YUaluecss MOIIM OXy4HTh JocTyt K 3tuM OOP n sdpdexTnBHO nx
ucnoib3oBaTh. KpoMe Toro, clieqyeT NpeAnpUHsITh YCHIIHS 110 COBEPIICHCTBOBAHUIO MEXaHN3MOB
obecrieyeHust kauectsa OOP, BKItowas IpuBIeUYCHNIE YKCIIEPTOB B 001aCTH 00pa30BaHMUsI K pacCMOTpe-
HUIO U KypHupoBanuio MarepraizoB OOP. Hakonen, yHUBEpCHTETEI, peTiofgaBaTeIn 1 OHOIIoTeKapu
JIOJDKHBI TIPOJIOJKATh TIOOLIPATh Henonb3oBanne OOP B npenogaBaHuu U y4eOHOIl 1esSTebHOCTH,
YTOOBI CIIOCOOCTBOBATh UX BHEAPCHHUIO.

KnaroueBBle €0 Ba: OTKPHITEIE 00pa3oBaTelIbHEIE pecypchl, Buenpenue rexuonoruii, OcBeoM-
JeHHOCTh, Bocnipusitue, CTyeHTHl yHUBEpCUTETA
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The Use of Digital Technologies in Education:
The Case of Physics Learning

Abstract

The article reveals the trends in the use of digital technologies in teaching
physics by summarizing scientific results over the past 20 years. To solve the
problem, a bibliographic analysis of the sources of the scientometric database of
the WOS was used with the involvement of the computer tool VOSviewer (for the
construction and visualization of bibliographic data) as of June 2023. The tool was
used to analyse publications by keywords (a network of connections is built on the
basis of all keywords of given publications). Networks of connections of keywords
were built according to the queries: “physics learning”, “physics education”,
“physics teaching” and “technologies”, as well as “digital technologies in teaching
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physics”, “physics application”, “mobile physics learning”, “virtual physics

1JREL.2023.9.2.02, p. 1/25


https://orcid.org/0000-0002-6770-186X
https://orcid.org/0000-0002-9785-0612
https://orcid.org/0000-0003-4635-0009
https://orcid.org/0000-0002-3201-4090
https://orcid.org/0000-0002-3896-8151
https://doi.org/10.31261/IJREL.2023.9.2.02
https://creativecommons.org/licenses/by-sa/4.0/deed

Artem Yurchenko, Volodymyr Proshkin, Olha Naboka, Volodymyr Shamonia, Olena Semenikhina

99 <C 29 ¢

laboratory”, “digital physics laboratory”, “virtual reality & physics”, “augmented
reality & physics”. The situation of the use of digital technologies in teaching
physics is characterized by four aspects (general, technological, educational-
motivational, and educational-organizational). Modern trends in teaching physics
are singled out: the use of environments where simulation, modelling, visualization,
virtualization of physical processes, etc. are possible. The increasing popularity of
virtual, augmented, and mixed reality tools; use of mobile applications for learning
physics; using artificial intelligence to teach physics; organization of an educational
environment based on mobile or online learning, where active learning methods
are determined to be appropriate. The importance of developing young people’s
intellectual skills (computational skills, algorithmic thinking skills, modelling
processes, etc.) and visual thinking for the successful mastery of various sections
of physics has been confirmed. The demand for integration links between natural
sciences, mathematics, engineering, and digital technologies for STEM education
has been monitored. Recommendations for the training of physics teachers have
been formulated.

Keywords: digital technologies; teaching physics; learning physics; physics
education; physics teacher; teacher training; professional preparation; digital tech-
nology in education; higher education

The development of digital technologies has had a significant impact on society
as a whole and on the scientific industry in particular. Computer tools are in demand
in mathematics (Semenikhina et al., 2019; Astafieva et al., 2019; Semenikhina
& Drushliak, 2015), computer science (Yurchenko et al., 2021), etc. Such tools can
be either narrowly specialized (for solving a specific class of problems, for example,
in mathematics, statistical data processing programs (for example, Statistica), or
powerful universal programs that have digital tools for processing numerical
data (for example, table processors like MS Excel), modelling of processes (for
example, virtual laboratories like Proteus), programming of solutions of classes
of applied problems (for example, programming environments like Eclipse IDE
/ IntelliJ IDEA or systems of computer mathematics like Maple). The types of
tools used by scientists are also different; not only specialized software of the
industry but also cloud services (Google Apps, Azure, Canva), mobile applications
(WolframAlpha, CamScanner, Science Explorer, Graphical Analysis), digital
or sensors on mobile devices (Proximity Sensor, Accelerometer, Light Sensor,
Gyroscope Sensor, Vernier), etc.
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Problem of Research

Learning physics is not a trivial task. This science has always been hard to
understand (Hsiao et al., 2023). Awareness and assimilation of physical concepts
and processes, which are not obvious, require significant intellectual efforts from
students (thinking, comparing, looking for analogies, critically evaluating, etc.).
Therefore, physics teachers are constantly searching for new approaches, techniques,
and methods that would interest students in physics and help students master
complex material (Izadi et al., 2022). Among such approaches, the digital one
stands out (Jugembayeva & Murzagaliyeva, 2023). In particular, demonstration
video materials of Internet resources and presentation materials that improve
the visual support of physics classes are quite popular in Ukraine (Semenikhina
et al., 2020), less popular is the involvement of physical guidance software.
World practices of using DT (digital technologies) in teaching physics with the
development of DT are also constantly changing. The use of DT is presented in
numerous publications of the results of educational research, which, unfortunately,
are not summarized as existing successful pedagogical experiences.

Research Focus
The purpose of the article is to characterize the situation of the use of digital

technologies in teaching physics on the basis of bibliographic analysis of scientific
and methodological works.

Methodology of research

General Background of Research
Publications related to the use of digital technologies in teaching physics and
indexed by the Web of Science scientometric database for the years 2005-2023
became the basis of the research. The search was conducted in the Web of Science
database on June 25, 2023.

Instrument and Procedures

The tools of bibliographic analysis were the Web of Science database itself and
the freely distributed tool VOSviewer (https://www.cwts.nl). The tool is designed
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for building and visualizing bibliographic data from various database sources (Web
of Science, Scopus, Dimensions, CrossRef, Medline). The developers of the tool
provided the possibility to process citations, bibliographic links, joint citations, and
co-authorship. The tool was used to analyse publications by keywords (a network
of connections is built on the basis of all keywords of given publications). You can
limit the network by setting, in particular, a minimum number of connections.
The network also breaks the words into clusters. Each cluster has a different
color and consists of circles (or words) of different sizes. Size is determined
by frequency. The larger the word, the more often the word is used in research
(Al Husaeni & Nandiyanto, 2022). The type of analysis in VOSviewer is Co-
occurrence. Analysis unit are all keywords. The selection limit (minimum number
of keywords found) was determined depending on the number of found works
and keywords in general. As a result of using the VOSviewer tool, networks of
connections of keywords were built for various queries. Based on the identified
relationships between keywords in the publications, a qualitative analysis of trends
was carried out and conclusions were drawn.

The problem of the study has defined the criteria for choosing keywords
belonging to the field of physics education and the field of information technology.
The search was based on keywords for publications from the Web of Science
database (we proceed from the fact that the authors, exploring the problem, correctly
select keywords for their research). When the number of keyword meetings was
relatively small (up to 100 search results), the annotations’ texts were also searched
since the abstract describes in more detail the direction of scientific research and
the results obtained.

We have identified several words that have become search tools. By the
criterion of belonging to the field of education, we took the words: education,
learning, teaching, and laboratory. Words like “university, secondary education,
student, distance \ blended learning” were not considered due to a narrower focus.
By the criterion of belonging to the IT industry, we took the words: technology,
digital technologies, applications, virtual, and mobile. The terms “cloud\mobile
technologies” are excluded because they are included in digital technologies.
The word “software” is also excluded, as online services and mobile applications
are becoming increasingly popular today. The word “virtual” is involved because
today, IT companies present developments in virtual reality that can be used in
teaching physics.

In the WOS database, we searched as follows: the search field entered the word
of our choice, which by the type of request was characterized as the keyword of
the publication. The result of the search was the set of publications that include
this word in their list of keywords. The number of publications was limited, and
we took into account publications over the past 20 years. If the total number of
publications was too small, we chose the search among the abstracts of the WOS
database publications.
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To identify general trends, we searched the annotations for the words “physic
education” and “technology” or “physic learning” and “technology” or “physic
teaching” and “technology”. The words “physics and technology” were obligatory
in the abstracts, and the words education, training, teaching could meet either all
together, or at least one of them. In this way, we researched all publications that
presented physics education and technology.

Results of research

Since we investigated trends in the use of digital technologies in teaching
physics, the following words were used to organize the bibliographic analysis:

LIS LIS

“physics learning”, “physics education”, “physics teaching” and “technologies”, as

EEENT3 EE T3

well as “digital technologies in teaching physics”, “physics application”, “mobile

9% ¢ 9% ¢

physics learning”, “virtual physics laboratory”, “digital physics laboratory”,

“virtual reality & physics”, “augmented reality & physics”. Below are the results
of processing requests.

Search by words “physics learning”

A search for the words “physics learning” revealed 7713 keywords, among
which 55 words were found that were mentioned at least 25 times. The network of
connections indicates (Figure 1) the presence of three clusters: physical education
(science, knowledge, presentation, motivation, instructions, active learning,
simulations); physics (mathematics, education, training); model (algorithms,
design, computer modelling, simulation, optimization, etc.).

Search by words “physics learning” and “technologies”

A search for the words “physics learning” and “technologies” revealed a total
of 435 keywords. 11 of them had 5 or more repetitions. Network analysis (Figure 2)
revealed three similar clusters: physical education (e-learning, enhanced learning
technologies); educational technologies (learning); physics (science, technology).

Search by words “physics education” and “technologies”

Searching for the words “physics education” and “technologies” revealed 448
keywords, 10 of which were repeated at least 5 times. The constructed network
(Figure 3) shows three clusters: physics (mathematics, education, simulations);
technologies (science, educational research in physics); physical education
(educational technologies, engineering education).

Search by words “physics teaching” and “technologies”
A search for the words “physics teaching” and “technologies” revealed 354

keywords, of which 18 keywords appeared in the publications more than three
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times. The constructed network (Figure 4) shows the presence of four clusters by
directions: physics teaching, physics, technologies, and training.

Figure 1. Network for «physics learning»

Source: Own work.
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Figure 2. Network for «physics learning» & «technologies»

Source: Own work.

IJREL.2023.9.2.02, p. 6/25



The Use of Digital Technologies in Education: The Case of Physics Learning
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Figure 3. Network for «physics education» & «technologies»

Source: Own work.
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Figure 4. Network for «physics teaching» & «technologies»

Source: Own work.

A generalized search using the keywords “physics learning” and “technologies”
or “physics education” and “technologies” or “physics teaching” and “technologies”
in the Web of Science system shows that the vast majority of materials relate to
educational research (1,813 or 41%) and educational scientific research (873 or
20%). We also note the presence of such areas as Engineering electrical Electronic
(354 or 8%), Computer Science Interdisciplinary Applications (328 or 7%), and
Computer Science Information Systems (302 or 7%), which indicates the popularity
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of the use of computer science in engineering and the development of applications
for interdisciplinary programs.

Search by words “Digital technologies in physics teaching”

A search for the words “digital technologies in teaching physics” revealed
a network of keywords (Figure 5) divided into seven main clusters: education,
technology, students, physics, digital technologies, science, and teaching. In total,
69 (out of 1,718) unique keywords that appear in 5 or more publications became
interconnected. The dynamics of the number of publications and the most used
keywords in different periods are interesting (Table 1). Thus, in 1995-1999, the
number of publications on the use of DT in teaching physics (Web of Science
database) was low and amounted to 5, and unique keywords — 9, including system,
information, teaching-file, interactive multimedia, world-wide-web, training,
networks, internet, media imaging. Data for subsequent years are presented in the
table (Table 1).

Table 1
Data on publications upon request “Digital technologies in teaching physics”,
2005-2023

Number of keywords

Years Number in works Keywords that were used most often
of works G The most
enerally
popular
Computer, physics, curriculum, secondary
2005- 20 98 9 education, teaching/learning strategies,
2009 applications in subject areas, agent, XML,
e-learning
Education, higher education, technology,
2010- 46 196 13 knowledge, inquiry, physics, teaching,
2014 framework, ICT, design, model, science
teachers
Technology, physics, education, teachers,
2015— ICT, learning, physics education, motivation,
2019 187 734 15 design, science, mobile learning, students,
pedagogical content knowledge, social
media, physical education
Students, education, technology, motivation,
information, digital technologies/technology,
2020— performance, higher education, online
2023 194 919 21 learning, feedback, classroom, knowledge,

science, teaching, pedagogical content
knowledge, pedagogy, education technology,
model, impact

Source: Own work.
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The selection of publications for the years 2020-2023 divides them into three
clusters: education, physics education, and technology.

Search by words “physics” and “digital technologies”

A search using the words “physics” and “digital technologies” revealed 28
publications from 2006 to 2023. In half of the cases, their subject concerns the
educational field (Education Educational Research — 43%, Education Scientific
Disciplines — 7%). A search for the same words in the abstracts revealed 981
sources, starting from 1990, and as of 2019, an average of 80 of them. Most of
the publications relate to various sections of physics, but more than 17% relate
to education (Education Educational Research — 12%, Education Scientific
Disciplines — 5.6%).

Search by words “Physics application”

A search using the keywords “Physics application” revealed 208 publications.
The total number of keywords is 1984, of which 37 words have 5 or more
repetitions. The constructed network (Figure 6) revealed 6 clusters, of which
the main ones are: application (simulation, education, etc.), physics (algorithms,
visualization), and engineering (simulations, machine learning). A search for the
words “Physics application” among the annotations revealed 62,500 resources.

Figure 5. Network for «Digital technologies & teaching physics»

Source: Own work.
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Figure 6. Network for «Physics application»

Source: Own work.

With the “education” specification, there are 822 results in the system, which
are also presented in various sections of physics, which indicates the prevalence
of such applications. The majority relate to the field of education (319 and 203
publications, which is 64%).

Search by words “application to physics”

A search for the word “application to physics” revealed 35 publications. At the
same time, 13 words were found 3 or more times. Analysis of the network (Figure 7)
shows that mathematical transformations, differential equations, geometry, and
numerical fields are relevant here.

Search by words “physics learning mobile”

A search for the words “physics learning mobile” revealed 37 publications. The
total number of keywords is 206. Among the keywords, 14 words are mentioned 3
or more times. The constructed network (Figure 8) revealed four clusters related to
the teaching of physics and which proved not only the relevance of mobile but also
mixed and e-learning, as well as means of augmented reality and guided experi-
ments. A search in the abstracts of publications using the words “physics learning
mobile” revealed 236 items, of which more than 60% are related to education
(Education Educational Research — 42%, Education Scientific Disciplines — 20%).

Search by words “virtual physics laboratory”

A search among the abstracts using the specified keywords revealed about
1109 publications for the period since 2005, in which almost half of the scientific
results are related to education: Education Educational Research — 25%, Education
Scientific Disciplines — 19%. Searching for the keywords “virtual physics
laboratory” found 29 publications since 2007. They recorded 199 keywords, of
which 17 words occur more than twice. The network distinguishes clusters such
as virtual physics laboratory, virtual experiment, virtual laboratory, and simulation.
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Figure 7. Network for «application to physics»

Source: Own work.
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Figure 8. Network for «Physics learning mobile»

Source: Own work.

Search by words “digital physics laboratory”

A search among the abstracts using the specified keywords revealed more
than 300 publications for 2005-2023, in which almost half of the scientific results
are related to education; Education Scientific Disciplines — 16%, Education
Educational Research — 11%. If you search among the keywords, only 3 results
were found, which have a total of 10 keywords, some of which form a network.
Searching for the words “digital laboratory” among the keywords revealed more
publications — 382, which form a set of 2308 keywords. If we select those of them
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that occur 10 or more times, we will get a network, which forms three clusters such
as education, laboratories, and systems.

Search by words “virtual reality & physics”

A search for the words “virtual reality & physics” among the publications
revealed 97 sources, which together formed a set with 442 keywords. Building
a network of these words (Figure 9), which had 5 or more repetitions, forms
five clusters such as virtual reality (simulation, engineering), physics, physical
education, physical modelling, and physical simulations. A search in the annotations
for these words yields more than 500 sources, that is Education Educational
Research — 12%, Education Scientific Disciplines — 8%.

Search by words “augmented reality & physics”

Searching for the words “augmented reality & physics” yields 55 publications.
They form a cloud of 249 keywords, of which 11 occur 4 or more times. The
network of words (Figure 10) forms two clusters: physical education and design,
and architecture. If we analyse the topics of the works that have the words
mentioned in the abstracts, then almost half of them are research in education
that is Education Educational Research — 23%, Education Scientific Disciplines —
16%. A search in the database among the annotations using the words “augmented
reality & physics” revealed publications related to education: education educational
research — 33%, education scientific disciplines — 18%.
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Figure 9. Network for «virtual reality & physics»

Source: Own work.

1JREL.2023.9.2.02, p. 12/25



The Use of Digital Technologies in Education: The Case of Physics Learning

_ _augmented realit (andimue |
- [_eduicaion. |

Figure 10. Network for «kaugmented reality & physics»

Source: Own work.

These were the quantitative results of the bibliographic analysis. Let’s move
on to their qualitative analysis.

The network of connections according to the words “physics learning” proves
that the cluster that characterizes “physics education” connects not only scientific
knowledge but also active learning based on research, demonstrations, models,
simulation of processes, etc. The second largest cluster “physics” connects physics
with mathematics and learning, including electronics. The third cluster indicates
close connections with algorithms, design, computer modelling, simulation, etc.
The generalization of network connections proves that the teaching of physics
today by scientists is connected not only with motivated learning but also with
mathematical and informatics education, which includes algorithmic thinking and
active modelling of physical processes.

The network of connections for the words “physics learning” and “technolo-
gies” revealed connections between three clusters (“physics education”, “educa-
tional technologies” and “physics”). The connections confirm the relevance of
certain educational technologies in teaching physics such as electronic learning
technologies and technologies of active and advanced learning.

The network of connections between the words “physics education” and
“technologies” showed three leading clusters (“physics”, “technology” and “physics
education”) that connect educational technology, engineering and mathematics
education, physical science research, and simulations. The generalization of
connections shows the importance of developing interdisciplinary connections
with mathematics and engineering.

The network of connections between the words “physics teaching”, and
“technologies”, revealed the presence of four clusters, which confirmed the
importance of digital technologies for teaching physics.

Summarizing the directions of publications by the keywords “physics learning”
and “technologies” or “physics education” and “technologies” or “physics teaching”
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and “technologies” shows that among the presented scientific results, more than
half relate to educational and scientific research.

The network of connections according to the words “digital technologies in
teaching physics” connected seven clusters that is education, technology, students,
physics, digital technologies, science, and teaching. Summarizing the most used
keywords they showed that:

* in the period 19951999, research on digital technologies in physics was mainly
related to www technologies, the Internet, and interactive multimedia;

¢ in the period 2005-2009, the emphasis shifts to the use of digital technologies
in education, problems of secondary education are raised in the context of
teaching physics, teaching and learning strategies, research on electronic
learning is updated;

* in 2010-2014, works published revealed the problems of teaching physics in
higher education, the problems of the effectiveness of existing teaching models
were raised, and the emphasis was on knowledge and technologies. In this
period, the use of ICT in the teaching of physics and natural sciences begins;

* in 20152019, aspects of the use of not only ICT but also social networks and
mobile learning are more actively covered, and attention is updated to the
motivation of using digital technologies in teaching physics;

* in 2020-2023, the keyword “digital technology” appears for the first time,
and the attention of scientists turns to online education and the search for
tools to increase the motivation for studying physics, and to develop students’
creativity. A retrospective of the emphasis of the publications (we took only
those keywords that appeared in the publications more than three times) is
presented in Figure 11.

The analysis shows that although publications over the last 5 years has formed
a network of only three clusters (education, technology, and digital technology),
the focus on learning and teaching technologies, as well as on motivation, remains
relevant. Summarizing the search results by the words “physics” and “digital
technologies” proved the presence of a significant number of sources devoted to
the search for effective technologies in physics, as well as in teaching physics.

The network of connections based on the keywords “physics application”
revealed the presence of six clusters that connect models and simulations
(application), algorithms and visualization (physics), physical simulations and
machine learning (engineering), geometry with applications (applications for
physics), design and optimization. The generalization of connections indicates
the use of specialized applications in physics education, and at the same time, the
importance of modelling, process simulations, and data visualization in physics
education. Over the past five years, scientific intelligence has been updated in
two directions: physics (algorithms, systems, applications) and machine learning
(physical simulations, artificial intelligence, data engineering). This indicates the
search for ways to teach physics using machine learning and artificial intelligence.

1JREL.2023.9.2.02, p. 14/25



The Use of Digital Technologies in Education: The Case of Physics Learning

A more detailed study of the sources for the word “physics-based simulations”
demonstrates tendencies towards the simulation of all kinds of physical processes
that relate to different sections of physics. The most popular is the plasma and
black hole simulation. Along with this, we note the presence of works related
to animation, computer modelling, numerical simulations, and data coding. The
presence of such keywords in clusters proves the importance of understanding
information processes and processing various kinds of data for research in physics.
Analysis of the word “physics application” with the clarification of “education”
confirmed the popularity of using applications for learning/teaching physics.
A search for the word “application to physics” confirmed the importance of
mathematical knowledge for teaching physics (about mathematical transformations,
differential equations, geometry, and numerical fields).
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Figure 11. The topics of publications that contain words “Augmented reality
& physics” in abstracts

Source: Own work.

The network of connections according to “physics learning mobile”
revealed four clusters that link physics learning, achievement, and teaching. The
generalization of connections proves the popularity of modern trends in the field
of education that is mobile, mixed, and e-learning, as well as means of augmented
reality in teaching physics. A search in the abstracts of publications further confirms
the use of mobile learning technologies in teaching physics.

The network of connections for the words “virtual reality & physics” revealed
clusters such as virtual reality, physics, etc. The generalization of network
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connections shows the importance of physical modelling, physical simulations,
visualization, and mixed reality for the virtualization of physical processes.
A search in the abstracts for these words shows that every fifth publication is related
to learning/teaching physics. Over the past 5 years, a search for the words “virtual
reality and physics” has revealed several clusters, the main one of which connects
education, physics, and visualization. At the same time, mixed and augmented
reality is updated, which indicates the search for new methods and means of
teaching physics.

The network of connections under the words “augmented reality & physics”
forms two clusters that connect physical education and design. The directions of
research (two out of five) that have the words mentioned in the abstracts touch on
the problems of physical education. In the past five years, the augmented reality
cluster has seen clear connections with virtual reality, physics learning, game-based
learning technologies, and visualization. This indicates the trends of active teaching
of physics and the use of mixed reality in the educational process. A search among
the abstracts for the words “augmented reality & physics” showed that every
second publication is related to learning\teaching.

So, in describing today’s situation of the use of digital technologies in teaching
physics, the following important characteristics should be highlighted:

1) General — the use of digital technologies in teaching physics is an actual

topic of modern research.

2) Technological — the use of DT in teaching physics takes place in different

directions:

a. the use of digital tools as a means of researching physical processes;

b. solving physics problems using special programs or mobile applications;

c. the use of virtual and digital physical laboratories;

d. the use of virtual, augmented, and mixed reality for teaching physics;

e. the use of specialized environments for modelling physical processes;

3) educational and motivational:

a. motivation to study physics and motivation to use digital technologies
to study physics;

b. motivation to deepen mathematical knowledge and skills;

c. motivation to develop both intellectual skills (computing skills,
algorithmic thinking skills, process modelling, etc.), and creative and
visual thinking skills;

d. mastering physics will be successful if interdisciplinary connections
between natural sciences, mathematics, engineering, and digital
technologies are developed, which separately STEM education.

4) Educational and organizational:

a. teaching physics today relies on digital technologies and tools that enable
simulation, modelling, visualization, and virtualization of physical
processes;
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b. teaching physics today is connected with the technologies of electronic
(including mobile) and mixed, as well as online learning;

c. involves the use of active learning methods, which involve the
involvement of DT;

d. physics education today is considered from the angle of machine learning
and artificial intelligence as a promising education model.

Discussion

When describing the situation of the use of digital technologies in teaching
physics (hereinafter — the situation), one should take into account the modern
development of digital technologies and tools. Since the latter develop quickly and
powerfully, they form new directions of development in the field of education. It
is DT that determines the trend of this topic in scientific publications of the world.
This correlates with the conclusions of review works (Liu & Hwang, 2021; Pando,
2018; Sianes-Bautista et al., 2022).

Another review (Yun, 2020) summarizes the results of 2,959 articles from
the American Journal of Physics and 745 articles from Physics Review Physics
Education Research. The authors record the growth of interest in the pedagogical
content of knowledge in the field of teaching physics, assessment of achievements,
and gender of students. They claim that it is pedagogical education and the
reasoning process of students that remain the objects of modern research in the
field of physics education. At the same time, solving physics problems is a topic
in which interest is decreasing. These conclusions correspond to the thesis that
the motivation to learn and the ability to realize, understand, and demonstrate are
more important today. The ability to solve a problem is increasingly reduced to the
ability to use a digital tool.

The technological characteristics of the situation are characterized by various
aspects, which are confirmed by review articles of other scientists. Thus, an
overview of digital tools as a means of studying physical processes is presented in
Camargo et al (2021); Zhang et al., (2023) and others. A generalization of the results
of using virtual and digital physical laboratories is presented in Ali et al., (2022).
The authors analyse the results of 86 publications and provide recommendations
on how to improve their use in teaching physics.

A description of scientific results regarding the use of virtual, augmented, and
immersive reality in physics education is provided by Hamilton et al.,(2021), where
29 articles were analysed. The authors claim that they have confirmed a significant
advantage of using immersive virtual reality in education. At the same time, the
authors emphasize that the correct assessment methods were not always used in
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the conducted research, and therefore the choice of the correct diagnostic apparatus
is important for understanding the potential of immersive augmented reality as
a pedagogical method.

The use of specialized environments for modelling physical processes is
considered in a review paper (Banda & Nzabahimana, 2021), which presents an
analysis of 31 sources that describe the use of PhET simulations in the physics
education process. The authors emphasize the conclusion that students’ conceptual
understanding of physics improves with the use of simulations. Such simulations
support the idea of active learning.

The educational and motivational characteristic of the situation is characterized
by motivation for various types of educational activities. This is emphasized by
Li et al. (2018); McDowell (2019). In particular, the relevance of the problem
of motivation to study physics (Alstein et al., 2021) and motivation to use
digital technologies in education (Gerhard et al., 2023) are widely researched.
It also requires strengthening the motivation to study mathematics (Alipour et
al., 2023), the development of intellectual skills (Lv et al., 2022), and visual
thinking (Trakosas et al., 2023). The conclusion about the importance of developing
interdisciplinary connections correlates with the conclusions of reviews on the
implementation of STEM education. Thus, the work of McLure et al. (2022)
presents an overview of 35 works related to the organization of STEM projects
in various educational institutions. The authors conclude about the diversity of
STEM approaches in the literature and note that engineering and natural sciences,
including physics, are the most common integrated fields. At the same time,
the authors raise the question: to what extent do the projects meet the students’
requests, which actualizes the problem of motivation for studying physics?

The educational and organizational characteristic of the situation describes the
peculiarities of the organization of physics education. It includes the use of DT for
simulation, modelling, visualization, and virtualization of physical processes. In the
work of Velasco & Buteler (2017), an analysis of 17 publications was carried out,
based on which the importance of using computer simulation in physical education
was noted and its possible effects on learning outcomes were noted. Scientists
also emphasize the transition to e-learning, which includes mobile and online
learning. A review by Cascarosa et al. (2021) examines the concepts of physics
education and focuses on the feasibility of building knowledge models that can be
implemented in blended learning in higher physics education.

Active learning methods are also important in modern physics education, as
confirmed by Odden et al. (2023). Another aspect of teaching physics using machine
learning and artificial intelligence is analysed in a review by Dimiduk et al. (2018),
which focuses on some positive results and shows that new technologies have
the potential to have a transformative impact on approaches to teaching physics.

Analysis of the dynamics of queries in Google Trends shows that among
the queries “physics learning,” “physics education,” and “physics teaching,” the
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most significant interest in the world over the past five years has been observed
for “physics education” (an average of 40 points of popularity and out of 100
versus 14 and 17 for the queries “physics learning” and “physics teaching”
respectively). The query “physics application” shows an average of 50 points
of popularity, and “virtual physics laboratory” — only 2. There are no trends for
the query “digital technologies in teaching physics” (not enough data). A similar
situation (not enough data) is observed for requests for “digital physics laboratory,”
“virtual reality & physics,” and “augmented reality & physics.” Therefore, it can be
argued that analytics from Google confirms the popularity of physics applications
and education but does not provide detailed information about perspectives on
their development.

Conclusion

The conducted research allows us to draw the following conclusions.

Physics education today is in demand in society. The development of digital
technologies and tools supports physics education and its growth. The developers
of specialized computer environments and applications provide simplification of
calculations, construction of models and the possibility of simulations, etc. At
the same time, scientific and pedagogical research traces the problem of young
people’s unwillingness to master physics (that fact is based on the appearance
of the word “motivation”). Physics for young people is not only tricky but also
uninteresting. Therefore, the direction of educational research associated with
increasing interest and motivation to study physics based on/ with the usage of
digital technology is a trend.

The situation of the use of digital technologies in teaching physics is
characterized by four aspects (general, technological, educational-motivational,
and educational-organizational). These aspects highlight modern trends in teaching
physics. One of the trends is the use of environments where simulation, modelling,
visualization, virtualization of physical processes, etc., are possible (the discovered
sets of keywords confirm this). Virtual, augmented, and mixed reality are gradually
becoming popular. They predetermine the emergence and introduction of new
methods of active physics teaching. The popularity of using mobile applications
for teaching physics is also increasing. Attempts are being made to use artificial
intelligence to teach physics. Another trend in teaching physics is the organization
of an educational environment based on mobile or online learning, where active
teaching methods are appropriate. Therefore, the leading models of teaching
physics become models based on a digital approach and provide interactive
teaching methods for their implementation.
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The bibliographic analysis by keywords and qualitative analysis of scientific
and pedagogical research results in the discussion confirms the importance of
developing young people’s intellectual skills (computational skills, algorithmic
thinking skills, process modeling, etc.) and visual thinking for successful mastery of
various physics branches. A demand for integration links between natural sciences,
mathematics, engineering, and digital technologies is a trend, further confirmed
by the enhanced development of STEM education based on interdisciplinary
connections of sciences, technology, engineering, and mathematics. Therefore,
the educational process in the future will be saturated with applied tasks, which in
their solution, involve using digital technologies and research projects that involve
modeling physical processes and predicting possible consequences.

The study additionally actualizes the problem of appropriate training/internship
for teachers of natural and mathematical subjects (physics, mathematics, biology,
chemistry). The programs of their training today should include mastering various
digital technologies and means of teaching physics. The future educational and
professional programs should:

 develop intellectual, creative, computational, and visual thinking in future
teachers;

+ focus on the readiness of physics teachers to develop similar skills among
young people;

» form the experience of organizing an electronic educational environment,
which provides interactive interaction and high-quality support for teaching
physics visually;

» develop the teacher’s ability to work with a variety of intelligent systems
(virtual laboratories, artificial intelligence, programming environments) to
support physics training;

* prepare teachers for the implementation of STEM projects in their professional
activities.

The presented research made it possible to describe the situation of the use of
computer science in teaching physics and opened up directions for the following
scientific investigations in the field of professional training of science teachers:
STEM projects in teaching physics, the development of intellectual, creative,
computational, visual thinking of students in the process of teaching physics,
the effectiveness of using intellectual systems (virtual laboratories, artificial
intelligence, programming environments) to support physics education.
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Wykorzystanie technologii cyfrowych w edukacji:
perspektywa nauczania fizyki

Streszczenie

Artykut ukazuje trendy w wykorzystaniu technologii cyfrowych w nauczaniu fizyki poprzez
podsumowanie wynikéw badan naukowych z ostatnich 20 lat. Aby rozwigzaé problem, zastosowa-
no analiz¢ bibliograficzna zrodet naukometrycznej bazy danych WOS z wykorzystaniem narzedzia
komputerowego VOSviewer (do budowy i wizualizacji danych bibliograficznych) wedtug stanu na
czerwiec 2023 roku. Narzedzie to wykorzystano do analizy publikacji wedtug stow kluczowych
(sie¢ powigzan budowana jest w oparciu o wszystkie stowa kluczowe danych publikacji). W oparciu
o zapytania zbudowano sieci powigzan stow kluczowych: ,,nauka fizyki”, ,,edukacja fizyki”, ,,na-
uczanie fizyki” i ,,technologie”, a takze ,,technologie cyfrowe w nauczaniu fizyki”, ,,zastosowanie
fizyki”, ,,mobilna nauka fizyki”, aplikacje fizyczne”, ,,wirtualne laboratorium fizyczne”, ,,cyfrowe
laboratorium fizyczne”, ,,wirtualna rzeczywisto$¢ i fizyka”, ,,rozszerzona rzeczywisto$¢ i fizyka”.
Wykorzystanie technologii cyfrowych w nauczaniu fizyki charakteryzuje si¢ czterema aspektami
(ogdlnym, technologicznym, edukacyjno-motywacyjnym i edukacyjno-organizacyjnym). Wyrdzniono
wspolczesne trendy w nauczaniu fizyki: wykorzystanie srodowisk, w ktorych mozliwa jest symulacja,
modelowanie, wizualizacja, wirtualizacja procesow fizycznych itp.; rosnaca popularno$¢ narzedzi
rzeczywistosci wirtualnej, rozszerzonej i mieszanej; wykorzystanie aplikacji mobilnych do nauki
fizyki; wykorzystanie sztucznej inteligencji w nauczaniu fizyki; organizacja srodowiska edukacyjnego
opartego na nauce mobilnej lub online, gdzie za odpowiednie uznaje si¢ aktywne metody uczenia
si¢. Potwierdzono znaczenie rozwijania umiejetnosci intelektualnych mtodych ludzi (umiejetnosci
obliczeniowych, umiejetnosci myslenia algorytmicznego, procesoéw modelowania itp.) i my$lenia
wizualnego dla pomyslnego opanowania réznych dziatéw fizyki. Monitorowano zapotrzebowanie na
powiazania integracyjne miedzy naukami przyrodniczymi, matematyka, inzynierig i technologiami
cyfrowymi w edukacji STEM. Sformutowano zalecenia dotyczace ksztalcenia nauczycieli fizyki.

Stowa kluczowe: technologie cyfrowe; nauczanie fizyki; nauka fizyki; edukacja fizyczna;
nauczyciel fizyki; szkolenie nauczycieli; profesjonalne przygotowanie; technologia cyfrowa w edu-
kacji; wyzsza edukacja
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Aplicacion de tecnologias tecnologicas en el Aambito de la tecnologia:
tierra firme y fisica

Resumen

El articulo revela las tendencias en el uso de tecnologias digitales en la enseflanza de la fisica
al resumir los resultados cientificos de los tltimos 20 afios. Para solucionar el problema se utilizd
un analisis bibliografico de las fuentes de la base de datos cienciométrica de la WOS con la parti-
cipacion de la herramienta informatica VOSviewer (para la construccion y visualizacion de datos
bibliograficos) a partir de junio de 2023. La herramienta se utiliz6 para analizar publicaciones.
por palabras clave (se construye una red de conexiones sobre la base de todas las palabras clave
de determinadas publicaciones). Se construyeron redes de conexiones de palabras clave segin las

LI EEINTS

consultas: “aprendizaje de fisica”, “educacion fisica”, “ensefianza de la fisica” y “tecnologias”, asi
como “tecnologias digitales en la ensefianza de la fisica”, “aplicaciones de la fisica”, “fisica movil”.
aprendizaje”, “laboratorio de fisica virtual”, “laboratorio de fisica digital”, “realidad virtual y fisica”,
“realidad aumentada y fisica”. El panorama del uso de las tecnologias digitales en la ensefianza de
la fisica se caracteriza por cuatro vertientes (general, tecnoldgica, educativo-motivacional y educati-
vo-organizativa). Se destacan las tendencias modernas en la enseflanza de la fisica: el uso de entornos
donde sea posible la simulacion, modelado, visualizacion, virtualizacion de procesos fisicos, etc.; la
creciente popularidad de las herramientas de realidad virtual, aumentada y mixta; uso de aplicaciones
moviles para aprender fisica; utilizar inteligencia artificial para ensefiar fisica; organizacion de un
entorno educativo basado en el aprendizaje movil o en linea, donde se determina que los métodos de
aprendizaje activo son apropiados. Se ha confirmado la importancia de desarrollar las habilidades
intelectuales de los jovenes (habilidades computacionales, habilidades de pensamiento algoritmico,
procesos de modelado, etc.) y el pensamiento visual para el dominio exitoso de varias secciones de la
fisica. Se ha monitoreado la demanda de vinculos de integracion entre ciencias naturales, matematicas,
ingenieria y tecnologias digitales para la educacion STEM. Se han formulado recomendaciones para
la formacion de profesores de fisica.

Palabras clave: tecnologias digitales; enseflanza de fisica; aprender fisica; educacion fisica;
profesor de fisica; formacion de docentes; preparacion profesional; tecnologia digital en educacion;
educacion mas alta
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Hcnoab3oBanue nugpoBbIX TEXHOJIOTH B 00pa30BaHUM:
ganamagT usydeHus GusnKu

AHHOTaNus

B crarbe myTem 0000IIEHHS HAYIHBIX PE3yJIBTaToB 3a mocueanue 20 JIeT pacKphIBalOTCS TCH-
JICHITNH UCTIONB30BaHUS MU(POBBIX TEXHOIOTHI B mpenofaBanuy (Gusuku. [s pemeHns 3agaqan
OBLT HCTIONB30BaH ONMOIMOrpaduuecKuii aHaIN3 HCTOYHUKOB HAYKOMETpUUeCKOi 0a3bl qanHbIX WOS
C IPHBJICYEHUEM KOMIBIOTEPHOr0 HHCTpyMeHTa VOSviewer (U1t TOCTPOCHUS M BU3yaIn3aluu Ou-
OnrorpaduUecKux JaHHBIX) IO COCTOSTHUIO Ha MioHb 2023 roma. THCTpyMEHT MCHONB30BaICS [UIs
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aHAJIM3a My OIMKALNH 10 KITIOYEBBIM CJIOBaM (CETh CBSI3€H CTPOUTCS Ha OCHOBE BCEX KIIFOYEBBIX CIIOB
JaHHBIX myOnukanuii). CeTn cBsA3ei KITFOUEBBIX CJIOB OBLIH MOCTPOCHBI MO 3aMpocam: «00ydeHne
¢dmsukey», «usngeckoe 00pazoBaHue», «IIpEHoaBaHue (PU3UKI U «TEXHOJIOTHNY, a TAKKE (-
POBBIE TEXHOJIOTHH B 00y4CHUH (PU3HKE», «(PH3NIECKHE IPHIOKEHHSD, «ITa00paTOpHs BUPTYaIbHON
bm3uKmY, «taboparopus IUppPOBON PUINKI», KBUPTyaTbHAs PEaTbHOCT U (HU3MKA», «IOTIOTTHEHHAS
peasnibHOCTE U Qu3uKay. JlanamadT ncnonb3oBaHus HUGPOBBIX TEXHOIOTHH B 00y4eHUH (HU3HKE
XapaKTepU3yeTCsl YEThIPbMS acreKTaMu (OOIMiA, TeXHOJIOTHYECKHH, yueOHO-MOTHBALIMOHHbIH
U y4eOHO-OpraHU3alMOHHBIN). BhIeIeHbl COBpeMEeHHbIE TEHICHIIMU B IPEMOIaBaHuU (YU3UKU:
HCIIOIB30BaHKE CPeJl, B KOTOPBIX BO3MOXKHO MOJICIMPOBAHKE, BU3yaIn3allysl, BUPTyaIn3anus Gpu-
3WYECKUX MPOIECCOB M T.J.; PACTyIIast MOMYJIIPHOCTh HHCTPYMEHTOB BUPTYaIbHOM, JOTIOTHEHHOMN
1 CMEMIAaHHOW peanbHOCTH; MCIIONb30BaHNE MOOMIBHBIX NMPHIIOKEHNH U U3ydeHUs (H3UKH;
HCTIONB30BaHNE NCKYCCTBEHHOTO MHTEIUIEKTA JUIsl TIPerofAaBanus (GU3UKN; OpraHu3aImsa oopa3oBa-
TEIBbHOH cpeibl Ha OCHOBE MOOMIBHOTO WITH OHJIAHH-00Y4eHHUs, I1e aKTHBHbIE METObI 00yUeHMs
NIPU3HAHEI efiecooOpa3HbiMy. [ToaTBepIKIeHa BAYKHOCTD PAa3BUTHS Y MOJIOAEKH HHTEIIEKTYaTbHbIX
HaBBIKOB (BBIYMCIINTEIBHBIX HABBIKOB, HABBIKOB aJITOPUTMHYECKOTO MBIIIICHHS, IPOIIECCOB MOJIe-
JIHPOBAHMS 1 JIP.), @ TAKXKE HAIVIATHOTO MBIIUICHUS JUISl YCHEITHOTO OCBOCHNUS PA3IMIHBIX Pa3/iesioB
¢m3ukn. Briienena noTpeGHOCTH B HHTETPAIIMOHHBIX CBSI35IX MEXK/y €CTECTBEHHBIMU HayKaMH, Ma-
TEMAaTHUKOH, HHKeHepuel u nudpossivMu TexHonorusamu 11t STEM-o6paszoBanust. ChopmynnpoBaHb
PEKOMEHIALIUH TI0 TIOATOTOBKE yUHUTENeH Gpu3nKu.

KnrogeBbre cio0Ba: nUpPOBEIE TEXHOIOTHH; MIPETIOaBaHNe (QH3NKHN; U3yUeHUE (QU3NKH; QH-
3UdecKoe 00pa3oBaHNe; yIuTenb (GU3UKH; KypChl AT IpenoaaBaresei; mpodeccnoHambHast MOIro-
TOBKa; LHU(POBBIC TEXHOJIOTUH B 00pa30BaHKH; BbICIIEE 00pa3oBaHKUe
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Abstract

A thorough theoretical and practical preparation is crucial in the education of
medical professionals. Present-day knowledge recipients expect a broad range
of multimedia and interactive resources in the consumed media. The article
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discusses examples of such implementations for the nationwide education of
a pharmacy technician, massage technician, medical sterilization technician, and
occupational therapy technician. These examples were created for the Integrated
Education Platform of the Ministry of Education and Science in Poland, as part of
an EU-funded project. This study delineates the characteristics of e-materials, such
as instructional and educational videos, film sequences, scenario-based learning
games, interactive documentation, 3D animations, simulators and virtual tours.
We prepared a learner benefit analysis based on the e-materials discussed. We
aimed to formulate recommendations and guidelines for designing and developing
multimedia and interactive resources, paying special attention to educational values
and content for the medical industry. Regardless of the type of multimedia, pro-
fession and content, materials should prioritize realism, interactivity and detailed
presentation of the situations/cases. The same multimedia rarely achieve different
learning objectives and learning outcomes. To design and produce high-quality
multimedia, it is necessary to know their characteristics and to work with a team
of subject matter experts experienced in e-learning development.

Keywords: medical education, multimedia, interactive resources, e-materials,
evaluation, blended-learning, video, interactive documentation, animation, simu-
lator, virtual tour, distance education, medical sterilization technician, pharmacy
technician, occupational therapy technician, massage technician

1. Introduction

The demands of medical education require a thorough academic and practical
education of future medical professionals. Current developments and technologi-
cal advances offer great opportunities for preparing teaching materials for remote
education, including various types of multimedia and interactive resources expected
by the modern consumer of knowledge (Roy, 2017; Roszak et al., 2020; Roszak et
al., 2023). The achievement of the necessary learning outcomes in the education
of medical personnel, sometimes difficult within traditional education, becomes
possible by implementing an asynchronous e-learning component (Olivier et al.,
2020; Roszak et al., 2021). Implementing innovative education in such a way
seems to be the most optimal and effective method for reaching learning outcomes,
as indicated by scientific reports across various fields (Kirkova-Bogdanova et
al., 2018; Tabakova, 2020; Nagata, Chino et al., 2022; Silva et al., 2022; Hwang
et al., 2023). This provides the opportunity, among other things, for students to
repeatedly engage with e-resources, making mistakes based on individual needs.
This deliberate didactic procedure, cannot take place in real-world conditions dur-
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ing classes, e.g. in hospitals or pharmacies (Grzeskowiak et al., 2020; Szczeszek
etal., 2023).

Integrated Educational Platform

The authors point out that when designing and creating e-learning based on
interactive and multimedia materials, special attention should be paid to 1) en-
suring educational values through an appropriate methodology for creating such
e-resources (types of multimedia and interactive resources tailored for different
teaching purposes), 2) preparing authorized curricular content, and 3) imple-
menting the technical aspect of multimedia (Roszak, 2019; Kanikowska et al.,
2023). The article presents selected results of the work related to the Integrated
Educational Platform of the Ministry of Education and Science in Poland. The
focus is on post-secondary education in the professions of medical caregiver,
pharmaceutical technician, massage therapist technician, medical sterilization
technician, occupational therapy technician, orthopedic technician, and elements
for the profession of medical electronics and information technology. The pre-
sented materials are the result of 2 years of work under a nationwide EU-funded
e-materials project.

Multimedia and interactive resources produced

The project resulted in the creation of diverse resources, including but not
limited to photo galleries, interactive boards, infographics, mind maps, e-books
and audiobooks, educational videos, instructional videos, film sequences, educa-
tional games, interactive scenario-based learning type tools, exercise programs,
3D animations, multimedia and interactive atlases, simulators, virtual tours, virtual
laboratories, and virtual reality tools (Smelkowska et al., 2023). This innovative
government initiative promotes good quality interactive e-education, which can
also inspire the preparation of a educational standards based on interactive and
multimedia resources in academic teaching.

Promotion of good quality curricular content

The results of this project will be available on a nationwide scale for future
post-secondary education graduates and teachers from 2023. The e-resources
can also be used by other parties interested in the medical field, such as medical
professionals and students. The benefits of implementing such a project include
the promotion of good quality interactive e-education with access to authorized
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teaching contents. All prepared resources underwent mandatory external content
reviews before their final publication on the platform.

Implementation team

Multimedia and interactive e-material content preparation for medical educa-
tion requires the work of an interdisciplinary team of experts. Such a team should
include: content writers, content consultants (industry experts or specialists in the
profession, vocational education teachers), methodologists, vocational education
methodological advisors, editors, and, particularly WCAG specialists. WCAG, or
Web Content Accessibility Guidelines, comprise a set of standards developed by
the Web Accessibility Initiative (WAI) of the World Wide Web Consortium (W3C)
to ensure that the web content is accessible to people with a wide range of dis-
abilities. Knowledge providers educated at medical universities with experience in
teamwork and with expertise in interdisciplinary activities are the most desirable
content authors for medical e-learning. Naturally, they must have experience in
the field of e-education both in the role of knowledge recipient and knowledge
provider (Roszak et al., 2021).

The content resources created for the educational platform, referred to as
e-resources, were categorized according to subject matter. Their main elements
included selected multimedia and interactive e-materials, along with a teaching
framework for the entire e-resource. The teaching framework includes: interac-
tive review materials, a vocabulary glossary, teaching guides for both teachers and
students, bibliography and netography, and instructions for using the e-resource.
Everything adhered to content and teaching standards, prepared to support selected
learning objectives in line with the profession’s core curriculum.

The Ministry of Education and Science, as part of the project guidelines,
pre-established the quantity, the subject diversity of e-resources, and the variety
of multimedia employed within a specific profession, as well as the professions
for which e-materials were created according to predefined standards. The article
discusses examples of implementation of the integrated educational platform for
the professions of medical sterilization technician, massage therapy technician,
occupational therapy technician and pharmacy technician. The article presents
specific types of multimedia which, according to the authors, pose challenges in
terms of content or technical development. In addition, their implementation is as-
sociated with a high financial cost. Due to the extent of the issue, the authors plan
to present examples for the other health professions within the project (medical
career, orthopedic technician, electronics and medical informatics technician) in
subsequent publications.
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2. Characteristics of the analyzed multimedia
and interactive resources

This chapter highlights key features of specific multimedia and interactive
materials, with practical examples showcased in point 3.

Videos, both educational and instructional, as well as shorter formats like film
sequences covering several topics, are an important and interesting element of
remote education. According to the research available, students themselves admit
that the use of videos in education improves the quality of education and increases
their involvement in the learning process (McAlister, 2014).

Video sequences

These sequences allow for the presentation of individual processes and the
implementation of specific professional tasks. Graphics and diagrams are placed
throughout the sequence to facilitate comprehension, with each video sequence
lasting approximately 5 minutes. The material also includes a voiceover and
a soundtrack.

Instructional/educational videos

These videos allow for the presentation of individual processes and the im-
plementation of certain professional tasks. Graphics and diagrams are placed
throughout the sequence to facilitate comprehension, with each video sequence
lasting approximately 15 to 30 minutes. The material also includes a voiceover and
a soundtrack.

Interactive scenario-based learning tools (decision-making game, SBL)

These games are based on interactive scenarios containing a plot description
and rules defining the permitted and prohibited student behaviors during the game
(Wong et al., 2016; Yilmaz et al., 2020). At certain points in the game, the player
is tasked with making a decision affecting its further stages. In addition, the game
provides an opportunity to develop and reinforce the learner’s readiness to act,
take risks and take responsibility for making decisions, but also allows for inter-
rupting and resuming the game at any time. The participant receives feedback
for both correct and incorrect decisions — followed by hints helping to make the
correct decision.
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In e-learning, it is worthwhile to use different types of multimedia resources in
order to impart reliable knowledge. According to medical students, e-learning al-
lows for the widespread use of high-end educational resources, serving as a reliable
study support tool. While games and videos are relatively easily associated with
multimedia materials (Szczeszek et al., 2023), seemingly less interactive content,
such as documentation related to therapy planning, can also be successfully imple-
mented in e-learning in the form of interactive documentation.

Interactive documentation

This component includes sample documents/forms, along with description
instructions for its completion. It provides students the possibility to complete
it on their own, get feedback on its completion correctness, and, in case of error,
receive guidance on the correct completion of the form. The module incorporates
examples of correctly completed documents.

Methodologically valuable elements of e-education include more elaborate
multimedia and interactive materials, such as 3D animations, simulators and virtual
tours. However, they require the work of a team with higher IT skills, often related
to programming, and a subject matter expert. Given the time-consuming and costly
nature of this process, it is advisable to create such resources on a nationwide level,
rather than individually by educational units.

3D animation

This feature presents a 2D or 3D model depicting various aspects, such as the
operation of equipment in a process, or the components of an item. It may contain
various types of graphics that allow observation from different perspectives. It con-
tains a textual or voiceover description of the object, including its construction,
its operation or its mode of use. It demonstrates the performance of standard work
activities and tasks, and the respective required equipment, including the outcome
of performing the activity. The users can move and rotate the object around all
axes. An audio track may be included in this type of media.

Simulator
This tool allows the student to carry out professional exercises, such as learning
about the operation of a specific device or apparatus necessary to perform certain
professional processes. It includes a description of the device’s operation or con-

struction, including interactive diagrams. It allows the student to independently
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simulate activities involving the operation of the device, perform measurements or
processes, select tools, interpret results, and troubleshoot potential malfunctions.
A voiceover text or an audio track may be integrated.

Virtual tour

This functionality allows the student to see in detail the interior of given
locations, through a guided tour of the facility, offering additional information.
It gives the opportunity to get acquainted with the layout plan of the given prem-
ises presented in a graphic form (projection), as well as allows image manipula-
tion (zooming in/out of the object). The virtual tour also includes a description
of professional activities performed in the location, along with the identification
of specialized equipment.

The next section discusses examples of the implementation of selected multi-
media and interactive resources for teaching selected medical professions (Smel-
kowska et al., 2023).

All the illustrative material (figures 1-24) of the article are print screens of
the multimedia and interactive material created within the framework of the EU
project implemented by the Poznan University of Medical Sciences (all authors
of the article are employed at the PUMS and participated in the project) and Lodz
University of Technology — POWR.02.15.00-00-3051/20. The illustrative material
is available on the website: https://zpe.gov.pl/szukaj?query=&stage=KZ&subject
=bran%C5%BCa+topiekitzdrowotnej (license: CC BY-SA 3.0).

3. Examples of implemented e-materials

3.1. Medical sterilization technician
—a comprehensive look at the implementation of selected materials, such as simu-
lators, animations, and instructional videos.
Simulators
For the profession of a medical sterilization technician, three simulators were
created, providing students with a hands-on experience in operating a total of five
different devices. These encompass an automatic washer-disinfector, a large steam

sterilizer, a small steam sterilizer (autoclave), a plasma sterilizer and an ethylene
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oxide gas sterilizer. The student, as a medical sterilization technician, virtually
operates the device, from turning it on, testing its efficiency and setting process
parameters, methodically arranging instruments and medical devices, packing them
in sterile barriers, selecting process indicators, all the way to analyzing the printout
and releasing the load. The simulator (Figure 1) is designed authentically to repli-
cate reality, ensuring a seamless transition to real-world tasks (Rowan et al., 2023).

mws@BrBTei0oRs

8. Trzymajae za uchwyt drzwiczek urzadzenia,

otworz je ciagnac do siebie.

Automatycame urzadrenie myjaco-deryniekjace E
(Bt gt stcrss P ki, eenci: CC FVGAT8)]

Figure 1. Simulator of the automatic washing and disinfecting device
Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.

Interestingly, some of the most common errors and malfunctions (Smith et al.,
2016) have also been integrated, which prepares the student to deal with them in
daily practice (e.g., insufficient drying of tools, failure of the device to achieve
the required physical parameters of the process, air-locking of components of the
system supplying chemicals to the device chamber) — Figure 2.

SYMULATOR @@ i0oRs

4. Priygotowanie sterylizatora - blad

L1— Za wysoka temp. w komorze

Blgd: L1

Biad .L1" oznacza,
e w komorze sterylizatora
panuje zbyt wysoka
temperatura aby méc
rozpoczaé nowy cyld
pracy urzqdzenia
Musisz 2oczekal,
a2 temperatura obnizy sig
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Figure 2. Low temperature — gas sterilizer simulator, error during the preparation
of the device for operation

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.
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The simulator gives brief instructions and explanations of subsequent steps,
yet it incorporates stages where the student makes decisions. Examples include
selecting the appropriate sterile barrier to pack the selected medical device, or
determining the adequate tests and indicators to control the ongoing process. This
further keeps the student engaged and requires him/her to recall knowledge gained
from previous materials. The tool features visually captivating elements, enabling
the student, for instance, to verify the results of biological tests and chemical in-
dicators, such as observing the color change in the test field or bacterial medium.
This aspect emphasizes the authenticity of the activity — Figure 3.

STMULATOR smxs@-BFTe0idoRrs

CZYNNOSCI PRZYGOTOWAWCZE - TEST BOWIE-DICK

Wynik testu prawidiowy - jednolicie przebarviony testowyeh, Swis
2 koloru 20itego na czamy. Swiadczy o prawidiowe penetracii Penetraci pety wodnel, Nie mo
iat. Nale:

Figure 3. High-temperature-steam sterilizer simulator, Bowie-Dick test stained
correctly and incorrectly

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.

Output documents from the device maintain authenticity and are useful in
subsequent stages and at the process’s conclusion. The analysis of these printouts
is essential for determining the correct progression of the process and making in-
formed decisions on whether to ultimately release the batch of tools.

3D animations

3D animations are examples of multimedia elements with attractive visuals.
They present tools and medical devices in a 360-degree rotating view, while show-
ing their assembly and disassembly. This process is very important for the proper
preparation of medical devices for decontamination. The student can analyze the
step-by-step assembly and disassembly of the device components in the correct
order (Figure 4, Figure 5). The tool is complemented by a brief description of the
construction and function of the device in question. Similar to the simulators,
the graphics here also faithfully represent the structure and operation of medi-
cal equipment.
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MONTAZ

Figure 4. 3D animation ‘Disassembly and assembly of medical equipment’, Veress
needle assembly

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.

DEMONTAZ

Figure 5. 3D animation ‘Disassembly and assembly of medical equipment’, disas-
sembly of 12.5 cm laparoscopic troacar

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.

Instructional videos

A total of five instructional videos have been created for the profession of
a medical sterilization technician. They describe and show in detail all the activities
performed by a central sterilization room employee, covering the entire process
from receiving contaminated instruments from the operating theatre to returning
them to hospital units. It is worth noting that all the videos for this profession
were carried out in the same central sterilization room, which gives the learner
the additional opportunity to follow the layout of the rooms of the dirty, clean and
sterile zones, along with the layout of the equipment and elements in each of them.
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The videos also highlight the personal protective equipment required for each zone
and activity, as well as detailed documentation of each stage of the process. Sam-
ple frames from the instructional videos are presented below (Figure 6, Figure 7).

Figure 6. A frame from the ‘Machine and manual decontamination’ instruction-
al video

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.

Figure 7. Aframe from the ‘Control of cleaning and disinfection processes, control
of sterilization processes’ instructional video

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.
3.2. Massage technician

— examples of implementation of selected materials, such as an educational video
with 3D animations, film sequences and a scenario-based learning game.
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Educational video with 3d animations

The main purpose of the presented educational video is to provide a spatial
representation of the complex three-dimensional structure of one of the basic ele-
ments of the human body — the skin.

The video utilizes a 3D animation to delve into the intricacies of skin structure
and the spatial arrangement of its elements (Figure 8). Students have the unique
opportunity to learn about the layered structure of skin and the distribution of the
relevant receptors in space. Through animation, the video vividly portrays the re-
sponse of individual skin elements to specific massage techniques (Figure 9). This
allows students to consolidate their knowledge of how individual receptors react
to touch, but also allows them to visualize the effects of the treatment. The video
additionally features a detailed voiceover commentary, which explains in detail
the successive stages of the reaction. Students can stop watching the video at any
time, take notes, or revisit a particular section of the material.

Naskérek

Skéra
wtasciwa

Figure 8. A frame from an educational video with 3D animations ‘Skin Structure’
Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.

SKANIE POWIERZCHOWNE

Figure 9. Frame from an educational film with 3D animations — ‘Response of the
skin and its elements to the technique of superficial stroking’

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.
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For students with special needs, the video includes a detailed description of the
elements on the screen, allowing even those with visual impairments to familiarize
themselves with the material.

Video sequences

The video sequences are designed to give students a hands-on introduction to
the entire process of manual lymphatic drainage, encompassing workstation prepa-
ration, patient setup, and the treatment of specific body parts. Due to the practical
nature of the material, learners can familiarize themselves with the types of grips,
the direction of each technique and their proper execution. Most of the material
available to learners contains instructions on how to perform particular techniques
or their elements. Our developed e-material takes a unique approach by presenting
the application of manual lymphatic drainage techniques on a specific body area,
illustrating the complete process rather than just its components (Figure 10). The
material is additionally accompanied by a detailed voiceover commentary, which
explains in detail how to perform each technique, as well as clarifies their clinical
applications. Students have the option to pause the video and practically perform
a given technique, in order to reinforce and consolidate their newly acquired skills.

|

Figure 10. Frame from a video sequence ‘Individual techniques of manual lymphatic
drainage performed on the thigh’

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.
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Interactive scenario-based learning tool

While familiarizing themselves with the game, the students are introduced to
two characters in the story — a massage therapist and a patient. As each scene is
played, the learner is confronted with a series of decisions, the solution of which
will affect the further course of the game. The learner’s demonstration of knowl-
edge, stress management capabilities, and comprehension of cause-and-effect
relationships varies depending on the nature of the task, with each task being in-
terconnected with other educational elements (Figure 11). The game also develops
students’ social competencies by posing problem-based tasks, such as coping with
an adverse event during a massage. Students can solve tasks repeatedly by going
through all the elements of the game, including interviewing the patient, prioritiz-
ing therapy, and performing individual techniques.

% Pytanie 9

Co teraz powinna zrobi¢ masazystka?

Kontynuowa¢ masaz.

Przerwaé natychmiast wykonywane czynnosci.

Figure 11. A frame from a video sequence ‘Facial care massage’
Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.

3.3. Occupational therapy

— examples of implementation of selected materials, such as a scenario-based learn-
ing game, film sequences and interactive documentation.
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Interactive scenario-based learning tool

The game presented focuses on setting therapy aims. At the beginning of the
game, the aims and rules are explained. Then, after selecting a patient, the player
is given a detailed description (history of the disease, limitations, difficulties and
the resources available to them), based on which they must make decisions that
determine the therapy goals (Figure 12).

Terapeuta zajeciowy przeprowadza z Panig Agnieszha kurs
oszoredzania energii. Trenuje prawidlowe nawyki zwigzane

z dystrybucjg energii w ciggu dnia. Sporzgdza liste czynnosci

z acena ich wydatku energetycznego. W ten sposob Pani Agnieszka
uczy sig, w jakich godzinach najlepie] jest jej pracowacd, jak robic
efektywne przerwy w pracy | jak nastepnie regenerowac sily.

Daodatkown terapeuta zmienia Srodowisko pracy kobiety na bardzie)
ergonomiczne. Proponuje pracg przy biurky, pomaga dobrac
cdpowiednie krzesto z regulacia wysokedci | nachylenia oparcia,
Terapeuta radzi, by Pani Agnieszka korzystata ze stacjonamego
monitora jako ekranu, dodatkowe] klawiatury | myszy, W efekcie
kobieta czuje, Ze praca mnigj ja meczy, Pani Agnieszce udaje sig
nawet oddad ostatnie zlecenie dzien przed uphywajacym terminem.

Figure 12. A description of the consequences of a good choice of a therapy aim
based on a previous description of the patient's needs from the ‘Setting therapy
goals’ game

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.

The choice of a goal has consequences that affect the patient’s outcome (Fig-
ure 13). In the case of a wrong choice, the participant receives formative feedback,
including a detailed explanation of why the choice was inaccurate, considering the
indications and contraindications pertinent to the patient.

Pani Agnieszka jest bardzo zadowolena ze zmian, ktare udato jej sie
wprowadzic z terapeuts zajeciowym. Funkcjonowanie w mieszkaniu
oraz praca zawodowa sa dla niej duzo tatwiejsze, kobieta cieszy sig,
Ze nie musi rezygnowac z dotychczasowych zadan. Brakuje jej jedynie
kontaktow spotecznych, wezesnie] miata wiecej okazji do spotykania
sie ze Znajomymi, szczegalnie kiedy uczeszczata z mezem na zajecia
taneczne, z czego musiata zrezygnowac.

Figure 13. The figure presents a further description of the case after the previous
correct aim choice

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.
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In case of correct choice, the participant gains new information about the pa-
tient, needed to set further therapy goals. Through this approach the student gains
the ability to plan therapy comprehensively, by analyzing information regarding
the functioning of the person with a disability. They gradually learn about the
elements of the patient’s medical history and functioning relevant to therapy plan-
ning.

In the case of the SBL game, the content included allows the student to acquire
skills in accordance with the learning outcomes. Students learn to set therapeutic
goals for the patient, describe the individual and group forms of occupational
therapy activity organization, select methods, therapy techniques for the patient in
relation to his health condition, needs, problems and degree of disability, as well
as adjust therapy to the psychophysical condition of the patient.

Video sequences

The sequences depict scenes of an occupational therapist’s work in individual
hygiene and housekeeping workshops, allowing the student to familiarize them-
selves with different forms of social skills training. The multimedia material helps
the student expand their knowledge of health and safety rules for social skills
training and acquire skills in creating scenarios that could be used in a daily living
workshop. Example one: hygiene training — brushing teeth. (Figure 14).

n

Figure 14. A frame from the ‘Hygiene and Housekeeping’ video on hygiene train-
ing, during which a therapist instructs clients on how to brush their teeth properly

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.
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The educational value of the material is further enhanced by supplementing
additional information pertinent to the video content after each sequence. In the
example in question, this includes safety rules to be followed when brushing teeth,
advantages of taking care of oral hygiene and types of toothpaste. After each se-
quence, the student has to solve a short test task based on the content they were
presented. The introduction of such an element not only adds variety to the content
being conveyed, but it is also an important element in supporting the acquisition
and consolidation of knowledge. The learner, when confronted with the task, has
the opportunity to verify knowledge and possibly quickly return to the relevant
content. Example Two: Training in the use of household appliances — washing
clothes in an automatic washing machine (Figure 15).

Figure 15. Aframe from a video on housekeeping equipment training, during which
a therapist instructs clients in operating a washing machine

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.

Similar to the first example sequence, the material contains additional relevant
content, related to the required learning outcomes. The student has the opportunity
to observe the correct execution of the training. They can return to the content and
material unlimited times. The recorded educational content is reproducible and
provides a model picture for the student.

At the end of the material there is a correctly completed scenario of classes
for a group of adult Occupational Therapy Workshop participants. This scenario
serves as a valuable source of knowledge and guidance for students undertaking
individual work, offering a practical reference for their learning journey.
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Interactive documentation

The student is assigned the responsibility of completing by filling out several
interactive forms, each preceded by a set of necessary information. This neces-
sitates the effective analysis of the provided information to accurately fill out the
documents. For example, after reviewing the functional characteristics of a sample
participant in a group therapy class — including the patient’s physical, mental and
social issues, their resources and capabilities, and the characteristics of their fam-
ily and local environment — the task is to complete the section of the occupational
therapy plan. This plan refers to the activation of the participant and cooperation
with their family and local environment (Figure 16).

Plan terapii zajeciowe] - wspotpraca ze srodowiskiem rodzinnym
i lokalnym

Korzystajac = charakterystyki funkcjonowania Pana Michata Tamborskiego, uzupekinij
czesd planu terapii zajeciowej odnoszacy sie do wspdlpracy ze srodowiskiem
rodzinnym i lokalnym uczestnika. We wskazanych miejscach formularza wybierz
jedna z dwoch dostepnyeh opoji. W dokonaniu wlasciwego wyboru moga byé
pomocne takze wskazdwki | informacje zwrotne podane w tym dokumencie.

Wapdlpraca z rodzina
Cele oddziatywar terapeutycznych Diziatania Crestotliwosé

= Organizacja zajec otwartych Ma biedaco praez caby rok
dla rodzictw
@ « Wspdine warsztaty kulinarne

dia uczestikew i ich rodzicaw

v]

Cele oddziatywan terapeutycznych Daziatania Czestotliwodd

« Pozyskanie dofinansowania do Ma biataco przaz caky rok
remonty tazienki z& frodkéw PFRON |
s Podriasierne kamforty .‘,}-:la n;h;l;ln:,'

. .ﬁ.;!aptuq‘: messZicanta —

dostosowanie go dia csoby

z niepemospravwnedcia

2]
Wapddpeaca z poradnia psychologiczno-pedagogiczng
Wipdipraca @ powiatowym cenbium pamocy rodzinis

Figure 16. An excerpt from the interactive documentation covering the part of the
occupational therapy plan relating to the participant’s activation, and cooperation
with the participant’s family and local environment

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.
In the next step, the student is presented with a daily schedule of activities in

the occupational therapy workshop, another element necessary to complete the
scenario of therapeutic activities (Figure 17).
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Scenariusz zajec terapeutycznych - fragment zawierajacy informacje
ogolne

Korzystajac z dziennego rozkladu zajed w warsztacie terapii zajeciowej, uzupelnij
CcEest scenariusza zajed terapeutyeznych, w ktdrej podawane sq informacje ogdlne.
We wskazanych miejscach formularza wybierz jedng £ dwoch dostepnych opcji.

W dokonaniu wlasciwego wyboru mogg byé pomocne takze wskazdwki i informacje
Zwrotne zawarte w tym dokumencie,

‘Warsztat terapii zajeciows]

| 1@
Fracownia rekodzieta %
Prastownia ceramiczna jandras Barznt (28 la¥),
UK (23 FAL), Michad Walczak (1908t
Niepainasprawnoé intelektualng w stopniu umiarkewarym

23.03.2023 r.

.' @C

Reczne lepienie miseczki = watkdw | makych elementdw gliny

| 1@

+ Deskanalenie sprawnoici manualng)

« Zwigkszenie kantroli ruchéw paledw

» Deskonalenie precyzji ruchdw

« Poprawa napigcia micdniowegs

« Poszerzanie dodwiadczen sensorycznych

Figure 17. An excerpt from a script of therapeutic activities, including background
information

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.

While performing the tasks, the students receive ongoing feedback on the cor-
rectness of filling out the documents. They receive guidance on how to correctly fill
out each document if they make a mistake, an important part of effective learning.
The material also includes sample documentation, such as a completed occupa-
tional therapy plan and a scenario for group therapy classes. Each of the documents
can be downloaded if necessary, offering considerable flexibility in utilizing the
provided materials at one’s convenience. Utilizing this virtual tool, students can
plan the therapeutic process by using the information from the diagnosis. Moreover,
they can learn to analyze recommendations of specialists and multidisciplinary
team. This includes the ability to select methods of working with the patient, their
family, and social environment according to the recommendations of specialists.
Additionally, students can select suitable tools and aids, and formulate scenarios
for therapeutic activities.

IJREL.2023.9.2.08, p. 19/32



A. Smelkowska, A. Karbownik, B. Purandare, K. Zaorska, M. Jokiel, M. Jankowski, M. Roszak

3.4. Pharmacy technician

— examples of implementation of selected materials, such as virtual tour, interactive
documentation, and instructional video.

Virtual tour

By handling the virtual tour, the learner becomes familiar with the interior of
a general pharmacy (Hookham et al., 2014). Students have the chance to explore
the premises through a complete panoramic view, experiencing it from the per-
spective of an observer rotating on their own axis. They can navigate through the
facility, look down and up, zoom in and out, and select the direction of the tour
(Figure 18).

Figure 18. Interior of the warehouse of prescription medicinal products with de-
scription

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.

At the beginning of the tour, the student is introduced to general information
about the operation of the pharmacy, such as the characteristics of the activities
performed and the tasks of various staff. There are two ways to take a virtual tour
of the pharmacy. The first one is to move around the facility by “entering and exit-
ing” the respective rooms one by one. This allows the student to see how the rooms
are interconnected. The second one is to tour the pharmacy by selecting a specific
room from the attached floor plan with the layout of the rooms (Figure 19).
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3. Magazyn produktéw

innych niz leki
9.8uza )
1

8. Izba recepturowa 9 |§ | % | - -
. Komora przyjeé

7. Zmywalnia 2 z szatnig !

wejscie
(dostawcy i pracownicy)

2. Pomieszczenie
administracyjno-szkoleniowe
5. Pokoj opieki farmaceutycznej

4. Magazyn produktow
leczniczych

wejécie L]
dla pacjentéw 1. Izba ekspedycyjna

st61 ekspedycyjny I pierwszy stét

®

[ )

Figure 19. Floor plan of a public pharmacy with the layout of the premises
Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.

The interactive bullet points are followed by descriptions of these rooms (their
function, activities performed), and descriptions of the specialized equipment
(Figure 20).

MAGAZYN PRODUKTOW LECZNICZYCH

Podstawowym wyposazeniem magazynu sa
regaly magazynowe oraz lodowka lub szafa
chiodnicza z termometrem, ktdre sluzy wylacznie
do przechowywania produktéw leczniczych.
Ponadto znajdujy si¢ tu szafy przeznaczone do
przechowywania srodkdw odurzajacych,
substancji psychotropowych oraz lekéw bardzo
silnie dzialajycych, zabezpleczone przed
dostgpem osob niezatrudnionych
w aptece, Srodki odurzajyce, czyli leki
narkotyczne, s'a\ przechowywane w zamknigte
metalowe| szafie lub kasecie przymocowanej
w sposdb trwaly do scian lub podiog
mieszczenia. Leki psychotropowe oraz leki
ardzo silnie dzialajyce nalezgce do wykazu A sy
przechowywane oddzielnie, w szafkach
zamykanych na klucz,

RIS

Figure 20. Interior of the warehouse of prescription medicinal products with descrip-
tion — the interactive bullet points

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.
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Interactive documentation

Below is an example of an interactive medical record found in the profession
of pharmacy technician. This includes documentation of adverse drug reactions,
monitoring of the temperature range in the pharmacy, and the form for return and
refund of goods in the pharmacy (Figure 21).

s iat
dla 0SOBY WYKONUJACEJ ZAWOD MEDYCZNY
= POUFNE -
Dzi iepoz produktu i - jest kazde ni i i dziatanie
produktu leczniczego
INFORMACJE O PACJENCIE:
Inicjaty | Data urodzenia lub Wiek |Pte¢ K M| Masa ciata Wzrost
Dziert | Miesige Rok
MR ® O 177 em
INFORMAC.JE O DZIALANIU NIEPOZADANYM:
Data pienia dziatania niepozadanego: Klasyfikacja
‘ 19 Cay dziatanie bylo ciezkie?
Opis dziatania niepozadanego: MIE
[ ] (] 1Ak
e Gdy reakeja cigzka: zaznacz wszystkie
Kty i reakeji:
Wynik: [ zgon
powrét do zdrowia bez trwatych nastepstw N statystyczny prayezyny zgonu
D jest w trakcie leczenia objawéw e
] powrét do zdrowia 2 trwalymi nastepstwami (akimi?) [[] zagrozenie zycia
[]  brak powrotu do zdrowia [ hospitalizacja lub jej przedhuzenie
D niewiadomy D trwate lub znaczace inwalidztwo
. lub
Cigta: I:l choroba, wada wrodzona
Nie lub uszkodzene plodu
[0 Takijezeli tak, zaznacz tydzien CIgzy o vvrveervrrce [[] inne, istotne medycznie

INFORMACJE O STOSOWANYCH PRODUKTACH LECZNICZYCH:

Przyczyna

Nazwa produktu Data Data utycia lub nr

leczniczego®, ** Dawkowanie | Droga podania

podawania | podawania | *gyoreet

Atorvastatinum | P ™ ( ~] | [ “J [ | |Brak danych
o @ | @ | o
*Wpisz ,P” przy produkcie o dziatanie
- i i podaj nazwe araz numer serii produktu

INFORMAC.JE DODATKOWE: np. wezesniejsze reakcje na produkt leczniczy, czynniki ryzyka, wyniki badan dodatkowych
Brak danych

INFORMACJE O DZIALANIU NIEPOZADANYM:

Data ienia dziatania niepozadanego: Klasyfikacja
[ E— Gzy dziatanie niepoz bylo ciezkie?
Opis dzialania niepozadanego: NIE
[ ~] [ Ak
e Gdy reakeja g_mi zaznacz wszystkie
kty reakeji:
W WSKAZOWKA [ zgon
% S S e I Nr statystyczny przyczyny zgonu
O odczula jako dzialanie niepozadane. | | ragrozenie 2ycia
D brak powrotu do zdrowia D hospitalizacja lub jej przediuzenie
D niewiadomy D trwale lub znaczace inwalidztwo
— lub s s
Ciaza: choraba, wada wrodzona
Nie a lub uszkodzenie ptodu
D Tak; jezeli tak, zaznacz tydzien cigzy ... D inne, istotne medycznie

Figure 21. Excerpt from the Interactive Documentation ‘Pharmacy Forms’
Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.

1JREL.2023.9.2.08, p. 22/32



Successful Examples of Asynchronous Teaching in Polish Interactive Remote Medical Education

The form for reporting an adverse drug reaction is shown below, along with
a case description and the necessary elements for its completion, as well as prompts
for filling it out.

Case description: On 14.05.2022, a patient with the initials N.N., born on
25.04.1973, with a body weight of 69 kg and height of 177 cm, reported to the phar-
macy. The patient declares that she is not pregnant. Since 1.02.2022, she has been
taking a drug containing Atorvastatinum at a dose of 20 mg, according to a regi-
men of 1 tablet orally once a day. It turned out that since 15.04.2022 she started
experiencing constipation, abdominal pain, bloating, nausea, headaches, itching of
the skin and observed edema. The above side effects were mild. On 1.05.2022 she
discontinued the drug, and the symptoms described above ceded.

Instructional video

The instructional video serves as a valuable source for the development of
knowledge and skills in the practical aspects of a pharmaceutical technician’s work
in a pharmaceutical laboratory. Specifically, this type of media guides users through
the process of conducting an analysis of ointment substrate viscosity, as well as
assessing the dynamic viscosity of the ointment itself. The video shows the opera-
tion and use of the equipment-rotational theometer — RS/CPS Plus (Figure 22).
The video was recorded in the Department of Drug Formulation Technology at the
Poznan University of Medical Sciences.

.

Figure 22. A frame from the instructional video ‘Viscosity measurement of selected
ointment substrates’ showing the measurement system of a rotational rheometer

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.
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Based on the pharmacopoeial analysis, the students are introduced to the results
and they can determine the average value of the dynamic viscosity of the pharma-
ceutical ointment (Figure 23, Figure 24). During the course of the video, included
graphics and diagrams facilitate the understanding of the content presented, while
a voiceover provides additional content.

Figure 23. A frame from the instructional video ‘Viscosity measurement of selected
ointment substrates’ showing the start of the measurement

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.

Figure 24. Aframe from the instructional video ‘Viscosity measurement of selected
ointment substrates’ showing the presentation of measurement results

Source: Project POWR.02.15.00-00-3051/20, license CC BY-SA 3.0.
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4. Discussion

The section presents an analysis of teaching outcomes on the basis of prepared
e-materials tailored for selected professions in the medical industry (Table 1, Ta-
ble 2, Table 3, Table 4). In addition, it aims to formulate recommendations and
guidelines for the design and creation of multimedia and interactive resources,
paying particular attention to educational values and content (Leszczynski et al.,
2020). This discussion is an integral part of the broader discourse on standards for
developing innovative educational materials, with a specific focus on their appli-
cation at the academic level, not solely within the medical industry (Kanikowska
et al., 2023; Roszak, 2019). These recommendations are based on the extensive
teaching experience of the project’s authors, who possess considerable expertise
in e-education development.

The deliberate inclusion of frequently recurring multimedia types across vari-
ous professions is a noteworthy aspect. Their implementation, influenced by the
specifics of a given profession and the presented content, demonstrates variations,
which serves as an example and inspiration or effectively employing the same
multimedia elements to achieve diverse educational outcomes.

Table 1.
Medical Sterilization Technician
. L ) Recommendations,
e-material e-material aim Student benefit indications
Simulator  Learning about * Independently performs each  Visuals represent-
and performing the  step of the process, ing reality are
process of operat-  + Availability of equipment used required
ing equipment in central sterilization facilities,
* Preparedness to proceed in
the event of an error/defect in
the equipment
3D anima- Presentation of * The ability to observe in detail Requires graph-
tion medical instru- (i.e., step by step and in the ics that accurately

ments and devices  correct order) both the assem- depict the construc-
bly and disassembly of instru-  tion and operation

ments, medical equipment of the tool
Instruction- Presentation of » Opportunity to see the every- It is important to
al video the everyday ac- day activities of the employee  demonstrate the
tivities of a central in detail complete process
sterilization room  Familiarization with the equip- accurately
employee ment and its operation

Source: Authors’ own work.
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Recommendations relevant to the multimedia presented in the medical steri-
lisation technician profession: realism (reflecting reality), detail (accuracy of the
process), construction and functioning of the process/apparatus.

Table 2.
Massage Therapy Technician
e-material e-material aim Student benefit Recgmmeqdatlons,
indications

Education Spatial presentation The opportunity to learn about High quality anima-

video with  of human skin the layered structure and dis- tion creation in close
3D anima- tribution of receptors in space consultation with an
tions - understanding the response of industry expert is
skin elements to a given mas- required
sage technique
Video se- Presentation of how Getting acquainted with the A detailed presenta-
quences  to perform manual complete procedure and allits  tion of the process
lymphatic drainage elements is necessary, from

the preparation
of the workstation
to the completion
of the procedure

SBL Deciding how to The possibility to go through The game should
(Scenario- perform a facial all the stages of the treatment be based on film
based care massage yourself, the possibility to see material,
learning) the correct massage technique  Tasks should be

based on cause-
effect relationships

Source: Authors’ own work.

Recommendations relevant to the presented multimedia in the profession of
a massage therapist: detailed presentation, cause-and-effect tasks (reflecting real-
ity), high production quality.

Table 3.
Occupational Therapy Technician
. . . . Recommendations,

e-material  e-material aim Student benefit indications
SBL Making decisions « Independent comprehensive Decisions made
(Scenario- ad setting therapy  therapy planning, should have con-
based goals * The possibility of making a mis-  sequences, which
learning) take, without consequences for  affects the fate of

the patient, the patient

« Taking responsibility for the deci-
sions made,

» Showing the consequences of
the decisions made
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* Presentation of
the work of the
therapist in the
hygiene and
household task
workshops,

» Familiarization
with the types of
training in social
skills workshops

Completion of

interactive forms

Video se-
quences

Interactive
documen-
tation

* Presentation of an exemplary
therapeutic process,

 Acquisition of skills to create sce-
narios for a daily living workshop

* Independent planning of the ther-
apeutic process on diagnosis,
* Analysis of the recommendations

of specialists and a multidiscipli-
nary team,

» Ongoing feedback on the cor-
rectness of the completion of
documents

After each se-
quence, the
student should
solve a short task
that consolidates
knowledge and
adds variety to the
content

Should present
realistic case
descriptions, which
affects the effec-
tive absorption of
knowledge

Source: Authors’ own work.

Recommendations relevant to the presented multimedia in the occupational
therapy technician profession: realistic case descriptions, cause-and-effect tasks.

Table 4.
Pharmacy Technician
. o ' Recommendations,
e-material e-material aim Student benefit indications
Virtual * Getting acquainted * The opportunity to see It is worth to enable
tour with the interior of how the premises of the different ways to
a general pharmacy, pharmacy are intercon- take a virtual tour,

* Getting acquainted nected, such as ,entering
with the activities per-  * The opportunity to enter and exiting” the
formed in a pharmacy places that are normally rooms one by one
and the tasks of the difficult to access or selecting a room
staff of various posi- from the floor plan
tions

Interactive Completion of documen- The ability to complete the =~ Documentation

documen- tation related to adverse documentation yourself and should include

tation drug reactions, monitor-  verify its completion. a description of the
ing of the temperature case to give realism
range in the pharmacy, to the situation.
return and refund form

of pharmacy goods

Instruc- Demonstration of how to + Demonstration of opera-  Should include
tional measure the viscosity of  tion and use of equipment, examples of actual
video ointment substrates and < Rotational rheometer, measurement re-

determine the dynamic
viscosity of ointments.

* Great detail, accuracy of
presented process

sults

Source: Authors’ own work.
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Recommendations relevant to the multimedia presented in the profession of
a pharmacy technician: diversity of message, real examples (realism).

Common recommendations in the design and creation of multimedia
for healthcare professions based on the examples presented in the article

Regardless of the type of multimedia, the profession and the content, they
should be based on a high level of detail of the presented process/situation com-
bined with a high production quality. In addition, it is crucial to present real-life
situations/cases that the learner will encounter in future professional work (realism
of the situation). The level of interactivity and interaction in the prepared multime-
dia (task/action/decision-making) is also important, together with the cause-effect
presentation for common everyday tasks in every profession.

5. Conclusions

Multimedia and interactive resources allow for a comprehensive and detailed
presentation of the issues necessary for future professional work in the medical
field. Through visual media like graphics, videos, and 3D animations, coupled
with auditory components like voiceovers and sound elements, students actively
engage in the learning process, reinforcing and verifying their acquired knowledge
to immerse themselves in the role of a medical professional, meticulously perform-
ing the step-by-step tasks and activities integral to their daily practice. It is worth
remembering that case study-based resources are a very important educational
method, especially for the medical profession, where critical thinking and analyti-
cal skills are essential in clinical work (Allen et al., 2019).

The effectiveness of a multimedia resource in achieving learning outcomes var-
ies, and not all outcomes can be met using the same e-material. In addition, creating
e-materials requires to know the types of multimedia and interactive elements and
their characteristics. It is important to remember that multimedia elements share
the common characteristics of realism, interactivity and detail. Successful design
and execution demand collaboration with subject matter experts experienced in
e-learning production. Examples of the use of e-materials in various fields can pro-
vide inspiration and suggestions for their use in the education of other professions.
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Interaktywne ksztalcenie asynchroniczne w edukacji medycznej w Polsce —
wzorcowe przyklady

Streszczenie

W ksztatceniu os6b majacych wykonywa¢ zawody medyczne bardzo wazne jest gruntowne
przygotowanie merytoryczne i praktyczne. Dzisiejszy odbiorca wiedzy oczekuje réznego rodzaju
zasobodw multimedialnych i interaktywnych. W artykule omdéwiono przyktady takich realizacji dla
ogolnopolskiego ksztatcenia technika farmaceutycznego, technika masazysty, technika sterylizacji
medycznej, technika terapii zajgciowej. Tworzono je z mysla o zastosowaniu na Zintegrowanej
Platformie Edukacyjnej Ministerstwa Edukacji i Nauki w Polsce w ramach projektu unijnego. Zde-
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Successful Examples of Asynchronous Teaching in Polish Interactive Remote Medical Education

finiowano cechy charakterystyczne dla e-materiatow, takich jak: film instruktazowy i edukacyjny,
sekwencje filmowe, gra typu scenario-based learning, dokumentacja interaktywna, animacja 3d,
symulator i wirtualna $ciezka edukacyjna. Przygotowano analiz¢ zyskow dla uczacego si¢ na bazie
omowionych e-materiatéw. Podjeto takze probe zbudowania zalecen i wskazan przy projektowaniu
i tworzeniu edukacyjnych zasobow multimedialnych i interaktywnych, zwracajac szczegdlng uwage
na metody ksztafcenia i tre$ci merytoryczne dla branzy medycznej. Niezaleznie od typu multimediow,
zawodu i tresci merytorycznych powinny one bazowac na realizmie, interaktywnosci i szczegoto-
wosci prezentowanych sytuacji/przypadkow. Nie wszystkie cele dydaktyczne i efekty ksztatcenia
mozna zrealizowac¢ za pomoca tego samego multimedium. Aby dobrze zaprojektowac¢ i wykonac
multimedia, konieczna jest znajomos¢ ich cech charakterystycznych oraz praca zespotu ekspertow —
autorow merytorycznych z doswiadczeniem w tworzeniu e-edukacji.

Stowa kluczowe: edukacja medyczna, multimedia, zasoby interaktywne, e-materiaty, ewalu-
acja, blended-learning, wideo, dokumentacja interaktywna, animacja, symulacja, wirtualne $ciezki
edukacyjne, edukacja zdalna, technik sterylizacji medycznej, technik farmaceutyczny, technik terapii
zajeciowej, technik masazysta

Anna Smelkowska, Agnieszka Karbownik, Barbara Purandare, Katarzyna Zaorska, Marta Jokiel,
Maurycy Jankowski, Magdalena Roszak

Ejemplos de éxito de la ensefianza asincrona en la educacion médica interactiva
a distancia polaca

Resumen

Una preparacion tedrica y practica exhaustiva es crucial en la educacion de las profesiones médi-
cas. El receptor actual de conocimientos espera diversos tipos de recursos multimedia e interactivos.
En este articulo se analizan ejemplos de este tipo de implementaciones para la educacion a nivel na-
cional de técnico de farmacia, técnico de masajes, técnico de esterilizacion médica y técnico de terapia
ocupacional. Estos ejemplos se crearon para la Plataforma de Educacion Integrada del Ministerio de
Educacion y Ciencia de Polonia, en el marco de un proyecto financiado por la UE. Se definieron las
caracteristicas de los materiales electronicos, como videos instructivos y educativos, secuencias de
peliculas, juegos de aprendizaje basados en escenarios, documentacion interactiva, animaciones en
3D, simuladores y visitas virtuales. Se prepard un analisis de los beneficios para el alumno basado
en los materiales electronicos analizados. También se intent6 elaborar recomendaciones y directrices
para el disefio y desarrollo de recursos multimedia e interactivos, prestando especial atencion a los
valores y contenidos educativos para la industria médica. Independientemente del tipo de multi-
media, la profesion y el contenido deben basarse en el realismo, la interactividad y el detalle de las
situaciones/casos presentados. No todos los objetivos y resultados del aprendizaje pueden alcanzarse
con el mismo multimedia. Para disefiar y producir bien los multimedia, es necesario conocer sus
caracteristicas y trabajar con un equipo de expertos en la materia con experiencia en el desarrollo de
la educacion electronica.

Palabras clave: educacion médica, multimedia, recursos interactivos, e-materiales, evaluacion,
blended-learning, video, documentacion interactiva, animacion, simulador, visita virtual, educacion
a distancia, técnico de esterilizacion médica, técnico de farmacia, técnico de terapia ocupacional,
técnico de masajes
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Ycenemnbie npuMepbl aCHHXPOHHOTO Oﬁy‘lEHl/Iﬂ B MOJILCKOM MHTCPAKTHUBHOM
JAUCTAHIIUOHHOM MECAUIIUHCKOM 06p3303amm

AHHOTANUA

TiaresbHas TEOPETHYECKAs M MPAKTHYECKAs! IIOATOTOBKA UMEET PelLIalolee 3HAYeHHEe MTPU
00yueHUH MEIUINHCKUM clienuanbHOCTsIM. COBPEMEHHBIH MOTydaTesb 3HAHUH 0)KUIAET UCTIONb-
30BaHMS PA3IMYHBIX BHIOB MYJIBTHMEIUHHBIX M HHTEPAKTHBHBIX pecypcoB. B crarbe paccmarpu-
BAIOTCSI MPUMEPHI TAKUX peaH3aluii Ul 00IeHaNOHAIBHOTO 00pa30BaHuUs 110 CIEHATEHOCTSIM
«(hapManeBT», «MacCaKUCT», KTEXHUK IO MEIUIIMHCKOH CTEPUIIM3AIUI» U «TEXHHK MO TPYAOBOH
Tepanum». DTH TPUMEpPbI ObUTH co3IaHbl st VIHTerpupoBaHHON 00pa3oBaTeIbHON MIaThOpMBI
MunucreperBa obpa3oBanus u Hayku llonbumm B pamkax npoekra, punancupyemoro EC. beuiu
OIIPEICNICHBI XapaKTEPUCTUKH DJICKTPOHHBIX MaTepHaIoB, TAKUX KaK yueOHbIe 1 00pa3oBaTeIbHbIC
BHJIeO(MIEMBI, KHHO(MWIBMBL, Y4eOHBIE UIPBI IO CIEHAPUSM, HHTEPaKTHBHAS JOKYMEHTALNUs,
3D-aHnuManusi, CUMYJISITOPEI U BUPTyaJIbHBIE Typhl. Ha OCHOBE pacCMOTPEHHBIX JIEKTPOHHBIX
MaTepuajoB ObUI MOJITOTOBICH aHAJIN3 NPEUMYIIECTB it 0Oydaromuxcs. Takxke OblIa Ipernpu-
HSTA TIONBITKA BHIPA0OTATh PEKOMEH/ALMHU IO TIPOSKTHPOBAHUIO U Pa3pabOTKe MyJIbTHMEIMUITHBIX
U UHTEPaKTHBHBIX PECYpCcoB, 00paTB 0c000e BHUMAHKE Ha 00pa30BaTE/IbHYIO IEGHHOCTb U KOHTEHT
JUIsl MEIMIIMHCKOW. He3zaBrcHuMO OT THIa MyJabTHMeHa, podeccus U CoIepiKaHnue TOJDKHBI OBITh
OCHOBAHBI Ha PEAINCTUYHOCTH, HHTEPAKTUBHOCTH ¥ JETAIN3AINH NIPECTABICHHBIX CUTYalni/
ciryqaeB. He Bce e n pe3ynisrarsl 00ydeHUsI MOTYT OBITh JOCTUTHYTHI C TIOMOIIBIO OHOTO ¥ TOTO
K€ MYJIBTUMEUIHHOTO cpeicTBa. s TOro 4ToObl XOPOIIO pa3paboTarh U CO3/1aTh MYJIBTHME/IHA,
HEe0OX0IMMO 3HATh XapaKTePUCTUKK MYJIBTHMEANA U paboTaTh ¢ KOMaH/0# SKCIIEPTOB B MPEAMETHOH
001aCTH, UMEIOIUX OIBIT Pa3paboTKU 3JIEKTPOHHOTO 00Pa30BaHMSL.

KniodgeBbEle CII0Ba: MEIUIMHCKOE 00pa30BaHKe, MYIGTHMEINA, HHTEPAKTUBHBIC PECYPCHI,
JNEKTPOHHBIE MaTepPHANbl, OLICHKA, CMEITaHHOE 00ydeHne, BUIE0, MHTePAKTHBHAS JOKYMEHTAIHs,
aHMMaIus, CUMYIATOP, BUPTYaIbHBIH Typ, AUCTAHIIMOHHOE 00pa30BaHUE, TEXHHK MEIHIIMHCKON
CTEPUIIN3ALUY, TEXHUK allTeKU, TEXHUK TPYIOBOU Tepanuy, TEXHUK Maccaxa
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Adaptation of the E-Learning Exercise Creator
to the Needs of People with Disabilities
with Impaired Access to Education

Abstract

This article focuses on the implementation of the WCAG (Web Content Ac-
cessibility Guidelines) 2.1 guidelines into e-learning courses. The Quizer e-learn-
ing platform, which enables the creation of interactive multimedia courses, has
provided the basis for the introduction of the WCAG component. The platform
includes two basic tools: an exercise creator and an exercise presenter. Once the
Quizer Platform Exercise Wizard was analysed, a component was conceptualised
and implemented to create e-learning courses compliant with WCAG guidelines
and dedicated to people with disabilities. The technology for the implementation of
this component was also presented. The function and validity of navigation through
the courses using the keyboard and the use of screen readers were discussed as
well. The research on the correctness of the WCAG standard implementation into
e-learning courses was conducted with the use of designed cyber security quizzes.
The final results of quizzes prepared according to WCAG guidelines and without
WCAG were also compared. The research involved students majoring in computer
science at Lublin University of Technology. Its results indicate the validity of using
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the WCAG guidelines in the design of educational content for students with dis-
abilities and equalizing their educational opportunities.

Keywords: e-learning, exercise creator, multimedia courses, WCAG

Introduction

Digital accessibility is currently one of the most important features of the
content of websites, computer programs and mobile applications. This also applies
to e-learning applications and platforms. The content, platforms and tools used in
e-learning should be accessible to everyone, regardless of their skills, disabilities,
equipment or other limitations. Failure to meet the digital accessibility standards
in e-learning may cause difficulties in accessing education, in particular for people
with disabilities, such as vision, hearing and mobility impairments. According to
the data of the Statistical Office in Poland, in the academic year 2021/22, 19.9
thousand people with disabilities were educated at universities (1.7% of the total
number of students). At many universities in this period, remote or mixed teaching
was in force (some classes were held on-site and some remotely). The transition to
distance learning on such a huge scale has caused many difficulties. One of them
was often the lack of digital accessibility according to the applicable guidelines of
the WCAG 2.1 standard. The then ongoing SARS-CoV-2 virus pandemic showed
that the need to switch from higher education to remote learning should also take
into account the needs and capabilities of people with disabilities in access to
education. Therefore, an important topic in the area of e-learning is the develop-
ment of digital accessibility of the solutions offered and determining its impact
on the education of people with disabilities. It is worth emphasizing that digital
accessibility is not only often a legal requirement, but also a moral responsibility
enabling education for everyone, regardless of their individual limitations. There-
fore, e-learning content creators should regularly test the digital accessibility of
their materials, including interactive elements such as quizzes. It is important that
people with different needs have equal opportunities to participate and understand
this content.

The main aim of the article was to:

1. Create a component compatible with the interactive platform Quizer.pl that
enables the creation of interactive exercises adapted to the WCAG 2.1 guide-
lines for people with disabilities, mainly visual impairments.

2. Assess the correctness of implementing the WCAG component into the Quizer
elearning platform based on the feedback from users of cybersecurity courses.
The research questions RQ1-RQ5 of this study are:

1JREL.2023.9.2.06, p. 2/25



Adaptation of the E-Learning Exercise Creator...

RQ1. What specific elements and tools in the Quizer platform do need to be
adapted to enable compliance with the WCAG 2.1 guidelines?

RQ2. What are the reactions and opinions of IT students about the new e-learning
courses adapted to the needs of people with visual impairments?

RQ3. Did students with simulated visual impairment experience improvement
in access to education thanks to the use of WCAG 2.1 in the designed
e-learning courses?

RQ4. Does the use of WCAG guidelines in quiz preparation and presentation af-
fect the results achieved by people with disabilities compared to the results
of people using a standard quiz without WCAG?

RQ5. How did the students assess the correctness of the implementation of the
WCAG 2.1 standard in the created quizzes from the point of view of cyber-
security?

The hypotheses H1-H4 of the research are:

H1. Adaptation of the Quizer e-learning platform to the WCAG 2.1 guidelines
will have a positive impact on the accessibility of education for people with
visual impairments who have difficult access to education.

H2. Creating dedicated e-learning courses in accordance with WCAG 2.1 guide-
lines will contribute to increasing the participation of people with visual
impairments in the educational process.

H3. Preparing the quiz in accordance with WCAG guidelines will allow people
with disabilities to achieve results at a level comparable to the results of people
using a standard quiz without WCAG.

H4. The functionality of keyboard navigation and screen reader support in WCAG
2.1 compliant e-learning courses will be effective for people with various
types of vision impairment.

Research Background

Many scientific articles discuss and examine the quality of life (QoL) of stu-
dents with disabilities and their access to education (Chatzoglou et al., 2023).
Madhesh in his work (Madhesh et al., 2023) points to a clearly lower quality of
life (QoL) of students with disabilities at Shaqra University in Saudi Arabia. The
factors mentioned include the failure to take into account all the needs of students
with disabilities and low awareness among lecturers and peers of disabilities and
their impact on the learning process. It further indicates that curricula and teaching
tools did not meet the needs of these students and their demands for equal access.
Contreras et al. documented in their study (Contreras et al., 2023) the significant
impact of the pandemic on access to higher education for students with disabilities
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in Chile. The access to education was limited for everyone, and it especially af-
fected students with disabilities. As a conclusion, they emphasized the need for fur-
ther actions aimed at increasing access to education and equalizing opportunities.
Brain and Mariani in their work (Brain & Mariani, 2023) analyse the difficulties
in equalizing accessibility for students with disabilities in Australia. They point
out that despite government support, there are still significant differences between
students without and with disabilities in terms of access to education, quality of
life and educational achievements. Rizk and Hillier in their work (Rizk & Hillier,
2022) describe the roles of digital technologies in improving access to education
and engagement of students with disabilities. Research shows that digital technol-
ogy provides significant support for students with disabilities, enabling them to
actively participate in classroom activities. The authors note that the use of IT
tools significantly increases the interaction between students with disabilities and
teachers and their peers. Despite progress in equalizing access to education for
students with disabilities around the world, there is still a need for further work
in this area. The development of programs, methods, teaching tools and courses
that take into account the needs of these people undoubtedly contributes to equal
educational opportunities. Burgstahler et al. (2004) emphasize in their work that
distance learning creates learning opportunities for everyone if accessibility issues
are taken into account in the process of designing university courses. Otherwise,
unnecessary barriers may arise that hinder equal participation in education and
careers for potential students and teachers with disabilities.

In today’s society, the development of information and communication tech-
nologies plays an important role in many areas of life, such as medicine (Kabyshev
& Kovalchuk, 2019), industry (Mon & René Del Giorgio, 2021), interpersonal
communication (Lee, 2023), and organizational management. However, one area
where the impact of these technologies is particularly evident is education (Fernan-
dez-Gutiérrez et al., 2020; Val et al., 2010; Rosa & Obillos, 2016), and specifically
the development of e-learning, which is teaching based on internet technologies
(Alfonso & Garcia, 2015; Petrovic et al., 2014). E-learning offers numerous ben-
efits, such as accessibility, time and geographic flexibility, as well as individualiza-
tion of the learning process (Stofkova et al., 2017). Through e-learning, students
have the opportunity to acquire knowledge and skills in a flexible manner, tailored
to their individual needs and pace of work. Regardless of location or time, educa-
tion can be obtained remotely, using interactive e-learning platforms, video confer-
ences, multimedia materials, and other digital tools. E-learning also enables access
to diverse educational content, both in the form of online courses and self-study
materials. As a result, students have the chance to develop their skills in various
fields, regardless of the availability of local schools or universities. However,
despite these advantages, many people with disabilities face barriers to accessing
elearning-based education due to limitations resulting from their disabilities (Calvo
et al., 2012). The World Health Organization estimates that over one billion peo-
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ple worldwide experience some form of disability, and approximately 93 million
children live with disabilities that affect their access to education. People with dis-
abilities have various types and degrees of limitations that may affect their ability
to engage with traditional teaching methods. Some of these limitations may stem
from difficulties in physical access to buildings, visual or hearing impairments,
cognitive disorders, or difficulties in interacting with computers. Many individuals
with disabilities experience barriers to accessing education at different stages of
life, leading to social exclusion and hindering the acquisition of qualifications and
skills needed in the job market.

To mitigate these inequalities and ensure equal access to education for all, there
is a need to develop educational tools and e-learning platforms that cater to the
needs of people with disabilities (Ulbricht et al., 2011; Mackowski et al., 2018).
One such tool is the e-learning exercise creator, which enables the creation of inter-
active educational tasks and materials. However, many existing e-learning exercise
creators do not meet the accessibility standards for people with disabilities, such
as the guidelines specified in WCAG 2.1 (Web Content Accessibility Guidelines)
(Germano & Silveira, 2022). WCAG 2.1 is an international standard that defines
guidelines for web content accessibility for people with disabilities (Fernandez-
Diaz et al., 2019; Sanchez et al., 2022). These guidelines address accessibility
issues related to vision, hearing, speech, learning, cognition, mobility, language,
and neurological impairments. Disabilities can occur singly or in complex forms,
comprising multiple disabilities with varying degrees of severity. Each type of dis-
ability requires the application of different techniques to enable access to informa-
tion on websites. Success criteria are specified for each guideline (Aizpurua et al.,
2016; Filipe et al., 2023). This allows for the application of the WCAG standard
in developed solutions and the verification of their compliance with the guidelines.
The WCAG 2.1 guidelines define three levels of conformance: A (lowest), AA,
and AAA (highest). It is important to note that achieving content compliance at the
highest level (AAA) does not guarantee accessibility for individuals with all types
and degrees of disabilities, especially those with complex disabilities. The design of
software and e-learning courses should also take into account the needs of people
with disabilities (Romero Marifio et al., 2018; Persson et al., 2015). This standard
focuses on ensuring that individuals with different types of disabilities can access
online content without any limitations. Adapting e-learning exercise creator tools
to incorporate WCAG guidelines aims to enhance accessibility for people with
disabilities, allowing them to use these educational tools on an equal basis with
able-bodied individuals (Laabidi et al., 2014). Consequently, work is being done
to develop new educational tools and e-learning platforms tailored to the needs of
people with disabilities, as well as to examine the accessibility of existing ones.
The authors of a study (Bocevska et al., 2018) analyzed the accessibility of recent
public platforms, such as Moodle, Eliademy, Docebo, Sakai, and ATutor, for people
with disabilities. They observed that the considered criteria have varying levels of
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compliance with the guidelines for web content accessibility (WCAG) 2.0. The
analysis focused on visual, auditory, and motor impairments. Accessibility testing
of the Moodle system, specifically for visual impairments, was also conducted
in another study (Armano et al., 2018). Four individuals with varying degrees of
visual impairment participated in the study. Krolak and Zajac (Krdlak & Zajac,
2022) conducted an analysis of Massive Open Online Courses (MOOCs) available
on the Coursera platform in terms of their accessibility for users with disabilities.
MOOC:s are courses available to a large number of participants via the internet.
The analysis was conducted in accordance with guidelines developed by the World
Wide Web in three ways: user testing, heuristic evaluation, and automated audit-
ing using various web tools. Despite the continuous development of the Coursera
platform, the introduction of new improvements, and the implementation of ac-
cessibility policies, study participants still encountered barriers in terms of digital
accessibility. An article by Seale & Cooper ( 2010) reviewed a range of tools that
facilitate the work of teachers in higher education and enable the development of
accessible e-learning materials and activities for students with disabilities. Brown
et al.( 2022) presented the fundamental principles of digital accessibility and the
standards by which it is defined, as well as the technologies used by individuals
with disabilities to interact with the online world. Reflecting on their own experi-
ences with digital accessibility in the university sector, the authors propose a four-
quadrant model of institutional support for accessible online teaching.

The e-learning exercise creator plays a crucial role in the instructional process
by providing interactive learning and assessment materials. Adapting this tool to
the needs of people with disabilities can improve their educational experiences and
ensure equal opportunities for educational advancement. Various adaptations can
be considered, such as providing alternative formats for textual and multimedia
content, incorporating technologies that assist with navigation and interaction, and
implementing user-friendly interfaces that prioritize usability and accessibility
(Yang et al., 2023). Adapting the e-learning exercise creator to the needs of people
with disabilities is not only important from the perspective of access to education
but also a step towards building a more inclusive society. Ensuring equal access
to education for all individuals, regardless of their disabilities, contributes to the
development of their potential, social integration, and increased opportunities for
full participation in society.
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Methodology of Research

General Background. Selection of technologies
for building the WCAG component

When creating the software and e-learning courses, the WCAG 2.1 guidelines
were taken into account, thereby enabling the accessibility of course content for
individuals with disabilities, primarily visual impairments. The basis for introduc-
ing the WCAG component was the Quizer e-learning platform (Quizer, n.d.), which
allows for the creation of interactive multimedia courses. The platform consists of:
“Exercise Creator” and ‘“‘Presenter”. The Quizer platform operates on the Oktawave
cloud infrastructure, providing consistent platform support across various devices
such as PCs, laptops, tablets, and smartphones. The virtual server of the Quizer
platform application runs on the Linux-Debian operating system. The develop-
ment of the platform utilized programming technologies such as Backbone JS,
Bootstrap, PHP language, Laravel framework, and MySQL (Dziedzic, 2021). Users
can create their individual accounts and gain access to the platform’s resources.
The “Interactive Exercise Creator” on the Quizer.pl platform enables the creation
of presentations and interactive exercises. It allows for the creation of exercises
such as pick one, pick many, drag and drop, fill in the blanks, or connect with lines.
The “Interactive Exercise Creator” consists of content management modules and
an editor for creating courses that facilitate data exchange between the portal and
publishing (Dziedzic, Gudkow & Wisniewski, 2020). The diagram of the “Exercise
Creator” is shown in Figure 1.

To enable the creation and solution of quizzes in accordance with WCAG
guidelines, the following modifications were necessary in the “Exercise Creator”
tool:

3. Development of a WCAG component that allows for keyboard and screen
reader support in courses, as well as designing courses compliant with WCAG

2.1 guidelines, followed by its implementation into the “Exercise Creator” tool.

4. Addition of a WCAG tab to the Exercise Creator with the ability to enter al-
ternative texts and indicate which elements should be considered by the screen
reader. By utilizing an alternative text, non-text elements such as images, deco-
rative graphics, icons, charts, animations, etc., can be processed by the screen
reader and provide information about their content.

5. Enabling the screen reader to interpret the HTML code of the exercise and read
alternative texts.

6. Allowing for the highlighting of selected elements to visually indicate the cur-
rently active element for visually impaired users.

7. Providing the ability to adjust and assess the contrast according to WCAG
guidelines for the designed courses.
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Figure 1. General schematic of the construction of the “Exercise Creator” in the
Quizer e-learning platform

Source: Own work.

The frontend part of the “Exercise Creator” is built using Backbone JS technol-
ogy. All modifications and new modules were also implemented using Backbone
JS to ensure compatibility. Most of the platform’s user interface components are
programmed in JavaScript. The application incorporates elements such as com-
ponents, containers, and triggers. A component is a software fragment that can be
independently mounted into larger programs, while containers oversee the execu-
tion of the component and are implemented by application servers. Triggers are
procedures that are automatically executed in response to certain events (Figure 2).
Backbone JS is a programming library (framework) that utilizes a model-based
data structure. Models are used to perform specific operations, and whenever
a user interface action results in a change to a model’s attribute, the model triggers
a “change” event. All views that display the model’s state can be notified of the
change, allowing them to react accordingly by re-rendering the model with the up-
dated data. Backbone JS applications follow a structure divided into controllers,
views, and models. Backbone JS is event-driven, with events being triggered by
changes in data models. All Backbone JS events are described using an event map.

One of the key elements of WCAG guidelines that addresses the needs of
individuals with visual impairments is the appropriate contrast of the content pre-
sented. This also applies to e-learning courses, where inadequate contrast can limit
or prevent the use of the course. In the “Exercise Creator,” a component has been

1JREL.2023.9.2.06, p. 8/25



Adaptation of the E-Learning Exercise Creator...

implemented to assess and adjust the contrast of individual elements in relation to
each other, ensuring that the designed courses meet specified visibility guidelines.
The component is integrated within the “Exercise Creator” and is available upon
request for course designers. It was developed in JavaScript, allowing for seamless
integration with the Backbone JS framework.

Procedure for designing e-learning quizzes according to WCAG

Tests were conducted using two designed quizzes on the topic of cybersecurity:
Types and Identification of Threats in the Network - Phishing. Phishing is cur-
rently a very popular method of fraud. The scammer impersonates another person
or institution in order to obtain confidential information, infect the computer with
malware, or persuade the victim to perform specific actions. The first quiz provided
basic information about Phishing. The user’s task was to familiarize themselves
with or listen to all the information contained in the quiz. The second quiz involved
selecting the correct answer to the given questions. The type of quiz used was
Pick One (simple choice). To navigate through the courses, appropriate keys and
keyboard shortcuts were defined. The following keys and shortcuts were adopted:
TAB - to move to the next element on the timeline, SHIFT+TAB - to go back one
element, SPACE - to select an answer and confirm the choice. In accordance with
the logic of arranging elements in layers on the timeline in the “Quiz Creator”
tool, this number of navigation keys is sufficient. As a result, exercising is intui-
tive for the user, even during their first interaction with the exercise. Additionally,
these keys are commonly used for navigating web pages, so users who access
online resources navigate through the exercises intuitively and in accordance with
familiar procedures. When creating the quiz, all textual, graphical, and auditory
elements were added to the stage and arranged on the timeline in layers, planning
the TAB navigation path through the elements. The elements that are to be read by
a screen reader should be selected and their alternative text should be entered in
the WCAG tab. It is also necessary to add user variables to the project, which will
store information about which the answer has been selected during the task solving
process. Next, triggers were added to each answer checkbox so that specific fields
change their state to selected, simultaneously resetting the remaining answers to
their initial state. These actions must also include operations on variables that will
change along with the user’s selection and answer changes. Triggers were added to
the button that checks and confirms the user’s choice, displaying correct or nega-
tive feedback. In the case of the pick one exercise, additional conditions do not
need to be applied. The view of the window for the designed quiz with arranged
elements on layers on the timeline and adding a trigger is presented in Figure 2.
The trigger is supposed to perform the action of showing or hiding objects when
a particular object is selected.
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Figure 2. View of arranging textual and graphical elements on layers on the timeline
and adding a trigger

Source: Own work.

Another element used during the creation of quizzes was a component that al-
lowed for examining the contrast of the designed content. The component compares
the colors of text and background using color codes in the RGB and HEX formats.
By comparing the color combinations, the program returns the contrast value for
WCAG AA standards for large and normal text, as well as WCAG AAA standards
for large and normal text. Achieving an appropriate contrast ratio between the
text and the background resulted in feedback in the form of green highlighting for
a given standard. If the contrast criteria were not met, the “tile” with that standard
would be highlighted in red. Figure 3a illustrates a comparison of yellow text color
against a black background. The green tiles shown indicate that the contrast indica-
tors are met for all four text standards. In Figure 3b, a less contrasting color combi-
nation of text and background was used (white text on a blue background). In this
case, feedback was received about a too low contrast ratio. Only one out of the four
standards is met - such a color combination is acceptable only for the WCAG AA
standard for large text. By analyzing individual color combinations and adhering
to the obtained results, those preparing exercises adapted to the needs of people
with disabilities are able to create projects that meet specific WCAG guidelines and
allow visually impaired individuals to fully benefit from such prepared resources.
According to the WCAG standard, the minimum required contrast ratio (AA level)
is 4.5:1 for regular text and 3:1 for text in the form of headings. The recommended
contrast ratio for maximum contrast (AAA level) is 7:1 for regular text and 4.5:1
for text with a high level of enlargement. The presented content can be considered
visually friendly and accessible if the contrast reaches at least the minimum level
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(AA). An important principle applied in the design of web content (including
e-learning) is that color should not be the sole means of conveying information.
Users should also have the ability to change the font size of displayed information.

When starting the quiz, each user had the option to choose between a standard
course or a course designed according to WCAG guidelines. The quiz could be
solved using a mouse (basic version), keyboard and screen reader (WCAG version),
or in a mixed system. While solving the quiz with a mouse, the user clicks on the
answers, which change their state to selected. In case of changing the decision, by
clicking on another answer, the previous selection is automatically removed. In the
case of a correct answer, the user receives visual and auditory feedback, and user
points are added to the course.

When solving the exercise using the keyboard and screen reader, the user re-
ceives information at the beginning that the quiz is adapted for people with disabili-
ties and listens to the task instruction. Then, using the TAB key, the user navigates
between the answers and selects one by pressing the spacebar. The selection field
changes its state, and the user hears the information from the screen reader. In case
of changing the decision, the user clicks the spacebar on another answer, which
changes its state to selected and removes the previous selection. After providing
the correct answer, the user receives visual and auditory feedback and is awarded
points. In the case of an incorrect answer, the user also receives visual and auditory
feedback indicating an incorrect response.
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Figure 3a. Example contrast evaluation windows for the designed quiz: high con-
trast

Source: Own work.
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Figure 3b. Example contrast evaluation windows for the designed quiz: low contrast

Source: Own work.

User Research Methodology for E-Learning Quizzes

The conducted research consisted of verification of the correctness of imple-
menting the WCAG component into the Quizer e-learning platform. The research
was carried out in accordance with research ethics principles, involving two groups
of individuals: (i) individuals with actual visual impairments and (ii) individu-
als with simulated visual dysfunction (blind individuals). Simulations of visual
impairments were achieved by covering the eyes with a blindfold. The users also
utilized headphones to eliminate the influence of the environment on the accurate
understanding of the text read by the screen reader. The p articipants were provided
with information about the research purpose and the procedure was explained to
them. Access to the quizzes (presentation and test) was provided online through
a web browser. In the first stage, participants were tasked with familiarizing them-
selves with the presentation and then completing the test. The test concluded with
providing information about the achieved score of correct answers, presented as
a percentage. It was assumed that for adult individuals, the time to complete one
quiz should not exceed 5 minutes (300 seconds).

After completing the quizzes, the users answered questions in an electronic
survey. The survey employed a five-point Likert scale, where: 1-Strongly disagree,
5-Strongly agree. Pilot (survey) studies were conducted with a group of 73 students
majoring in Computer Science, aged 20-22, who were all students from Poland. These
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students came from both rural and urban backgrounds. The majority of these individ-
uals had already planned to pursue a degree in computer science during their primary
school years. While attending university, they utilize an e-learning platform, although
it is not compliant with WCAG (Web Content Accessibility Guidelines) standards.
The studies were quantitative in nature and conducted in groups of 5 individuals with-
in a dedicated computer laboratory. The tests utilized a standard QWERTY keyboard
commonly found in laptops and desktop computers in Poland. The focus was on
ensuring that the adaptation of web content for individuals with disabilities had broad
applicability and did not require specialized equipment for operation. This solution
allows people with disabilities to access online resources regardless of their access to
specialized and often costly solutions. The screen reader presented the quiz user with
audio feedback based on the acquired information. Screen readers are a form of assis-
tive technology used by individuals who are blind, visually impaired, or have learning
difficulties. The NVDA (NonVisual Desktop Access) screen reader was used for the
tests. This tool was chosen for its low hardware requirements (minimum 1GHz pro-
cessor speed, 256 MB RAM, and 90 MB storage space for smooth operation), which
do not significantly burden the computer’s performance, especially older models.
Additionally, this screen reader is freely available, ensuring unlimited access for all
users. To facilitate text perception in courses, the ability to change font size was also
provided through a dedicated button. At the start of the quiz, users had the option to
choose between a version without high contrast and a version with contrast enabled.

In order to compare the final results of quizzes compliant with WCAG (for stu-
dents with disabilities) with the results of quizzes not adapted to WCAG standards
(for students without disabilities), a study was conducted on a group of 73 students
using the same quizzes, but without taking into account the WCAG guidelines.
Pearson linear correlation coefficient was calculated for the survey data.

Results and discussion

Survey Results

The prepared survey, which was completed by the participants, was divided
into two parts. The first part consisted of questions intended only for individuals
with simulated visual impairment (blind individuals), while the second part con-
tained questions for individuals with actual visual impairments. In the study with
simulated visual impairment, 59 males and 14 females participated, while in the
study with actual visual impairments, there were 14 males and 2 females. These
individuals had visual impairments ranging from —2 to —6 dioptres and astigmatism.
The survey included the questions presented in Table 1.
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Research Questions Included in the Survey

No.

The content of the question

Part |

Q1.1

Q1.2

Q1.3

Q1.4
Q1.5

Was the voice information regarding navigation provided in a clear manner upon
launching the quiz and throughout its duration?

Does the use of a keyboard enable navigation through the designed e-learning
courses?

Does the screen reader recognize and interpret the elements of the e-learning
course displayed on the computer monitor?

Does the applied screen reader correctly pronounce the content within the quiz?
Is there any repetitive content causing the screen reader to stutter?

Part Il

Q2.1
Q2.2
Q2.3

Is it clear which element is active during the navigation?
Did the contrast change improve the visibility of displayed content?
Did you notice an improvement in text quality after changing the font size?

The results of the survey, after answering the research questions, are presented
in Figures 4-6. Figures 4-5 show the results for the first research group, which
includes individuals with simulated visual impairment (blind individuals). Figure 7,
on the other hand, represents the second research group consisting of individuals
with actual visual impairment.

Figure 4 presents the results of responses to questions Q1.1 and Q1.2. In the
case of the response to question Q1.1, over 75% of users expressed a positive opin-
ion regarding the comprehensibility of voice instructions related to quiz navigation.
18% of users had no opinion (“hard to say”), and only 5% responded “probably
not.” Navigating through the designed e-learning courses using a keyboard (Q1.2)
received very high ratings.

-20% 0% 20% 40% 60% 80% 100%

m Definitely not mRather not mHard to say mRatheryes mDefinitely yes

Figure 4. Results of responses to questions Q1.1 and Q1.2

Source: Own work.
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The vast majority, over 97% of the test participants, had no difficulty navigating
the quiz using a keyboard. They responded with “definitely yes” (51%) and “prob-
ably yes” (46%). Only 2 individuals responded with “hard to say.” There were no
negative responses. Figure 5 presents the results of the survey regarding the used
screen reader (questions Q1.3, Q1.4, Q1.5).

Q14

-80% -60% -40% -20% 0% 20% 40% 60% 80% 100%

m Definitely not = Rather not = Hard to say Rather yes m Definitely yes

Figure 5. Results of responses to questions Q1.3, Q1.4, and Q1.5

Source: Own work.

The responses to the question “Does the screen reader recognize and interpret
the elements of the e-learning course displayed on the computer screen?” (Q1.3)
and “Does the applied screen reader pronounce the content in the quiz correctly?”
(Q1.4) are very promising as they confirm the adequacy of adapting the e-learning
course content to the screen reader used. Over 62% (Q1.3) and 48% (Q1.4) of users
responded “definitely yes,” while “rather yes” accounted for over 35% (Q1.3) and
45% (Q1.4) of responses. The correlation between the survey questions Q1.1-Q1.4
is moderate (changes from 0.39 to 0.48). In the case of question Q1.5, “rather no”
responses were positive, while “rather yes” responses were negative (completely
opposite to the previous questions). Over 62% of responses were positive (“defi-
nitely no” — over 13%, “rather no” — over 48%). Over 25% of responses were neu-
tral — “hard to say,” while only 12% were negative.

The results of the survey regarding the second group of test participants (in-
dividuals with actual visual impairments) are shown in Figure 6. In the case of
question Q2.1 (Can you see which element is active during navigation?), over 56%
of responses were positive, and 25% were neutral. Only 2 individuals answered
“rather no,” and 1 person answered “definitely no.” The impact of contrast change
on improving the perception of displayed content was also highly rated, with over
68% of users responding positively. Similarly, 2 individuals had no opinion. The
negative responses were distributed in the same way as in question Q2.1. Chang-
ing the font size has a significant impact on improving the quality of displayed
text (Q2.3), as confirmed by 94% of individuals with actual visual impairments.
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The correlation between the survey questions Q2.1-Q2.3 is strong (changes from
0.56 to 0.82).

Q23

Q22

Qz1

-40% -20% 0% 20% 40% 60% 80% 100%

m Definitely not mRathernot =mHard to say = Rather yes mDefinitely yes
Figure 6. Results of responses to questions Q2.1, Q2.2, and Q2.3

Source: Own work.

The final results of the quiz prepared according to the WCAG guidelines were
compared with the results of people using the standard quiz without WCAG, as
shown in Figure 7.
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Figure 7. Quiz results

Source: Own work.

For the quiz with WCAG, the results obtained were quite high, comparable
to the results for the standard quiz. This confirms the correct development of the
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course and the operation of the WCAG tools used both in the presentation and
in the quiz test. More than half of users scored 100% for this type of quiz. Other
results are as follows: over thirty percent of users received 90%, 2 people — 80%,
2 people — 70%, 2 people — 50% and 2 people — 40%. All users completed the quiz-
zes within the set time (less than 5 minutes). The average score for the WCAG quiz
was 92% and for the standard quiz 94.24%. This is a very similar result, confirm-
ing the possibility of equalizing opportunities in access to the quiz and obtaining
a positive result for people with disabilities. The correlation between the survey
questions and quiz results is weak (below 0.3).

Determination of guidelines for preparing e-learning courses that comply
with WCAG standards

Taking into account the specific needs of visually impaired individuals who
may have difficulty or limited ability to track mouse movement on a computer
screen, it is necessary to implement solutions that can overcome these obstacles.
Analyzing the results of the tests, it can be concluded that the use of an e-learning
platform, including interactive exercises, with the use of a keyboard and screen
reader, is a suitable solution for visually impaired individuals. By employing such
a solution, these individuals can navigate and perform specific actions in the course
using designated keys and keyboard shortcuts (e.g., the Tab key). Clear highlighting
of the active element allows visually impaired individuals to determine their current
location within the resource. Additionally, by utilizing screen reader tools, individu-
als who are completely blind can also access such resources. Keyboard navigation
enables logical, pre-planned, and defined movement on the screen, while the screen
reader informs these individuals about their current location, available content,
and possible actions. Interactive content, where user actions have visual effects
(e.g., choosing different paths in an exercise), often presents difficulties or renders
the resources completely unusable for individuals with visual impairments. A prop-
er preparation of web resources, including interactive exercises, offers the opportu-
nity to minimize barriers for people with disabilities in accessing these resources.
By using keyboard navigation and a screen reader, it is possible to create exercises
in which users can follow a planned path, respond to received instructions, or per-
form required actions. The feedback provided after answering a question or com-
pleting a task allows users to proceed to the next stages of the exercise or improve
their responses. Through a thoughtful planning and preparation of interactive exer-
cises, barriers to accessing these resources for individuals with disabilities can be
significantly reduced without compromising the visual and interactive aspects for
able-bodied individuals. In summary, the developed component enables a higher
level of compliance with WCAG guidelines for multimedia educational content,
strengthening access to education for individuals with disabilities, including visual
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and hearing impairments. After conducting the research, general guidelines were
formulated for the proper construction and development of e-learning exercises in
accordance with WCAG guidelines. It was determined which elements should be
visible upon opening the project, what the logical task execution and feedback pres-
entation paths should be, and what actionable options are necessary from the key-
board and screen reader perspective. These guidelines can serve as a framework for
designing quizzes for individuals with limited access to digital educational content.

1.

The key assumptions for the WCAG component are as follows:

The screen reader only perceives elements that have the visibility option ena-
bled. Other elements are invisible to the screen reader. This allows for planning
the user’s task execution path by controlling what and in what order the user
will see or hear.

. The screen reader only perceives elements that are active and visible on the

timeline. Even elements with the visibility option enabled for the screen reader
must remain invisible to the reader until they are shown on the timeline in the
Creator tool. This solution enables determining the moment when specific op-
tions become available to the user, taking into account the stage of the exercise
at which the user is currently.

. Each element with the visibility option enabled for the screen reader must have

an alternative text filled in. The alternative text must not contain words written
with spaced-out letters.

. When a specific element is selected, the screen reader automatically reads its

associated alternative text. This event does not require any action from the user.

. Pressing a designated key allows for moving to the next element. According to

the WCAG standard, moving to the next element is done using the TAB key.

. A designated key combination allows for returning to the previous element with

the visibility option enabled for the screen reader. According to the standard,
the Shift+TAB key combination is used for this purpose. In accordance with
the previous assumptions, the selection will return to the previously visited
element unless it has been hidden on the timeline. In such a case, the selection
will stop at the first visible element on the timeline.

. The order of navigating between elements is determined by their arrangement

on the timeline: the screen reader cursor moves through marked and visible
elements from left to right, from the top layer to the bottom. If there is only
one element on consecutive layers, the selection moves through the layers from
top to bottom while adhering to the visibility criterion for the screen reader
and the timeline.

. The ‘space’ or ‘enter’ key allows for replicating the functionality of clicking

the respective element on the screen.

. Pressing the ‘space’ or ‘enter’ key on a selected element enables executable

actions, similar to objects operated by the mouse. This allows users with dis-
abilities to access all the executable actions available in the Creator tool, includ-

1JREL.2023.9.2.06, p. 18/25



Adaptation of the E-Learning Exercise Creator...

10.

I1.

12.

13

14.

15.

16.

17.

18.

ing showing objects, hiding objects, displaying layers, hiding layers, moving
to the next, previous, or any chosen page, playing, pausing, or stopping audio
recordings, changing the value of a score or user variable, altering the style of
elements, managing the timer, checking individual exercises, or all exercises
in the course, as well as handling video files.

Selecting an element visible to the screen reader provides executable actions
similar to the event of hovering the mouse over an object. The available ac-
tions for the event of selecting an element are the same as those for clicking
the mouse button.

Upon opening the project, the screen reader selection automatically sets to the
first visible element with the WCAG component enabled. This allows screen
reader users to orient themselves within the course upon project loading and
provides instructions on further steps to solve the exercise.

Upon page loading, the screen reader automatically reads the alternative text
from the first visible element. This event does not require any user intervention.
It provides an opportunity to present the user with the exercise procedure and
instruct them on the tasks involved in a specific exercise.

. Every change on the screen must be initiated by user action. The a utomatic

appearance and disappearance of elements should be eliminated. This approach
avoids the confusion that could arise when things happen automatically in an
exercise for which the user is not prepared. It can also distract the user and
make the technical execution of the task more difficult.

The elements selected by the screen reader must be clearly marked with bor-
ders/highlighting, according to the standard. The visibility of focus should be
maintained. This provides additional support for visually impaired individuals
when solving the task. The border should be adjusted to the content of the task
in terms of contrast.

A sufficient contrast must be ensured between the elements present on the page
and the background. According to WCAG guidelines, this parameter should
be at least 4.5:1. In all cases where the color of an element is defined in the
stylesheet, the background color on which it is placed is also defined.

The exercise must have a mechanism that allows the view on the page to be
enlarged up to 200% while maintaining the visibility of all information.

The occurrence of a keyboard trap, where the user is unable to complete the
task entirely using the keyboard, must be avoided. Points related to navigating
between elements and executing actions on events allow for arranging elements
and planning the logic of task solving to avoid such a situation.

The exercise and the page on which the exercise is located must not have an
automatic refresh mechanism. Such a mechanism prevents the completion of
the exercise, leading to loss of focus and the need to start the task-solving pro-
cess from the beginning. There should also be no mechanism in the exercise or
on the page that automatically redirects the user to another address.
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Conclusions

The present article raises the key issue of making digital educational content
available to people with disabilities, in particular those with a visual impairment.
The main objectives of the study were to develop an interactive creator of exercises
in accordance with the WCAG 2.1 guidelines and to assess the effectiveness of its
implementation on the Quizer e-learning platform. On the basis of tests and user
studies, the following final conclusions were formulated:

1. The study showed that a customized e-learning platform successfully enabled
people with visual impairments to navigate and interact with a keyboard and
a screen reader. The respondents reported clear and understandable voice in-
structions for navigation, and keyboard interaction provided intuitive naviga-
tion paths.

2. It was found that the screen reader used (NVDA) effectively recognizes and
interprets elements of e-learning content displayed on a computer screen.
It correctly pronounced the content included in the quizzes, increasing the ac-
cessibility of educational materials for users with visual impairments.

3. The introduction of the contrast adjustment option had a positive impact on the
visibility of the displayed content, thus improving the reception of educational
materials by visually impaired users. They noticed improved text quality after
changing the font size, further highlighting the importance of customization
for accessibility.

4. The study compared the results of quizzes developed according to WCAG
guidelines with standard quizzes. The results showed that the WCAG-adapted
quizzes achieved a similar success rate to the standard quizzes, highlighting
the effectiveness of the adaptation in providing equal educational opportunities
for people with disabilities.

5. The obtained results led to the formulation of guidelines for the design and
development of accessible e-learning exercises in accordance with the WCAG
guidelines. These guidelines emphasize elements such as keyboard navigation,
screen reader compatibility, contrast adjustment and logical task paths to ensure
accessibility without compromising the interactive aspects.

The results of this study have important implications for the field of inclusive
education and e-learning. The successful integration of WCAG guidelines into an
e-learning platform, along with positive feedback from users with visual impair-
ments, demonstrates the feasibility of creating digital learning resources that meet
a variety of accessibility needs. To sum up, the research has shown that adapting
e-learning exercises to the WCAG 2.1 guidelines significantly improves accessibil-
ity for people with disabilities, especially those with visual impairments.

The study provides valuable information on the implementation of accessibil-
ity features, highlights their positive impact on user experience and educational
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outcomes, and establishes guidelines for the design of accessible e-learning mate-
rials. By prioritize accessibility, educational institutions and content creators can
help create an inclusive learning environment that benefits all students, regardless
of their ability.
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Dostosowanie kreatora ¢wiczen e-learningowych do potrzeb osob
z niepelnosprawnos$ciami utrudniajacymi dostep do edukacji

Streszczenie

Niniejszy artykut dotyczy implementacji wytycznych WCAG 2.1 w kursach elearningowych.
Baza do wprowadzenia komponentu WCAG byla platforma elearningowa Quizer, umozliwiajaca
tworzenie interaktywnych kursow multimedialnych. W sktad platformy wchodza dwa podstawowe
narzedzia: kreator ¢wiczen i prezenter ¢wiczen.

Po przeprowadzeniu analizy kreatora ¢wiczen na platformie Quizer, opracowano koncepcje
kursow i zaimplementowano komponent umozliwiajacy tworzenie kursow e-learningowych zgodnych
z wytycznymi WCAG 2.1 i1 przeznaczonych dla 0séb z niepetnosprawno$ciami. Zaprezentowano
réwniez technologie wykonania tego komponentu. Oméwiono takze funkcje i zasadnos¢ poruszania
si¢ po kursach z wykorzystaniem klawiatury oraz przedstawiono zastosowanie czytnikow ekranu.

Badania dotyczace poprawnosci implementacji standardu WCAG 2.1 w kursach elearningowych
byly przeprowadzane z uzyciem quizéw z zakresu cyberbezpieczenstwa. Porownano réwniez wyniki
koncowe quizéw przygotowanych wedhug wytycznych WCAG i bez WCAG. W badaniach wzigli
udziat studenci kierunku informatyka Politechnik Lubelskiej. Wyniki badan wskazuja na zasadnos¢
stosowania wytycznych WCAG w projektowaniu tresci edukacyjnych dla studentow z niepetno-
sprawno$ciami w celu wyréwnania ich szans edukacyjnych.

Stowa kluczowe: e-learning, kreator ¢wiczen, kursy multimedialne, WCAG 2.1

Krzysztof Dziedzic, Marcin Barszcz, Tomasz Wisniewski

Adaptar el creador de los ejercicios e-learning a las necesidades
de las personas con discapacidad con dificil acceso a la educacion

Resumen

Este articulo se refiere a la implementacion de las pautas WCAG (Web Content Accessibility
Guidelines) 2.1 en los cursos de aprendizaje electronico. La base para la introduccion del compo-
nente WCAG fue la plataforma de e-learning Quizer que permite la creacion de cursos multimedia
interactivos. La plataforma consta de dos herramientas basicas: creador de ejercicios y presentador
de ejercicios.

Después de analizar el creador de ejercicios en la plataforma Quizer, se desarrollé un concepto
y se implement6 un componente para permitir la creacion de cursos de aprendizaje electronico de
acuerdo con las pautas de WCAG y dedicados a las personas con discapacidad. También se presentd
la tecnologia de creacion de este componente. Igualmente se discuto la funcion y la conveniencia de
navegar por los cursos usando el teclado asi que el uso de lectores de pantalla.

La investigacion sobre la correccion de la implementacion del estindar WCAG en los cursos
de aprendizaje electronico se llevd a cabo con el uso de pruebas de ciberseguridad. Los estudiantes
de Informatica de la Universidad Tecnoldgica de Lublin participaron en el estudio. Los resultados
de la investigacion indican la conveniencia del uso de las pautas WCAG en el disefio del contenido
educativo para los estudiantes con discapacidades y el igualamiento de las oportunidades educativas.

Palabras clave: e-learning, creador de ejercicios, cursos multimedia, WCAG
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AnmanTanusi KpeaTopa ynpaKHeHHii 3J1eKTPOHHOTO 00y4YeHHUsl K MOTPeGHOCTAM
JIIofIeid ¢ OrpaHNYeHHBIMH BO3MOKHOCTSIMH € 3aTPYTHEHHBIM T0CTYTIOM
K 00pa3oBaHMIO

AHHOTANUSA

Ora crarhs Kacaercs peannzanuu pexkomenaamii WCAG (Web Content Accessibility Guidelines)
2.1 B kypcax anekTpoHHOro ooyuenus. OcHoBoil 11 BHeapenus komnonenta WCAG crana miar-
(opma r1eKTpoHHOT0 00ydyeHHs1 Quizer, O3BOJISIONIAs CO3/IaBaTh MHTEPAKTUBHBIC MYJIBTHMEINITHBIC
Kypcesl. [Tnatrdopma cocTONT U3 ABYX OCHOBHBIX MHCTPYMEHTOB: CO3JaHHsl YIIPAKHEHHUH U TIPEACTaB-
JICHUSI YIIPAKHEHHUH.

ITocne ananusa Koncrpykropa ynpaxkHeHuil Ha miatrdopme Quizer 6bi1a pa3paboTaHa KOHIETI-
LM ¥ PEaTM30BaH KOMIIOHEHT, MO3BOJIAIONINIT CO3aBaTh KYpPChI JJIEKTPOHHOTO 00y4YEHHS B COOTBET-
ctBuH ¢ pexomeHaaunsmu WCAG u npeaiHasHaueHHbIE 115 JII0ASH ¢ OrpaHHYeHHBIMH BO3MOYKHOCTS-
M. Takxke OblTa pecTaBIeHa TEXHOJIOTHs M3TOTOBIICHHS 9TOT0 KOMIIOHEHTa. Takxke 00CyKIalTcs
(YHKIMH ¥ TPaBOMEPHOCTh HaBHTAIMHU MO KYypPCcaM C IIOMOIIBIO KJIABHATYPhI ¥ UCIIOIL30BAHHS
IIPOrpaMM YTEHHMS C SKpaHa.

HccnenoBanue npaBuiibHOCTH peannzanuu cranaapra WCAG B 2JIeKTPOHHBIX YUeOHBIX Kypcax
MIPOBOMIIOCH C HCTIOJIb30BaHMEM Pa3paboTaHHBIX TECTOB B 0Onacti KubepoOesonacHocTH. bouti cpas-
HEHbI TAK)Ke OKOHYATEJIbHBIC PE3YJIBTAThl TECTOB, IIPUTOTOBIEHHBIX B COOTBETCTBUU C PEKOMEH AL -
smu WCAG n 6e3 WCAG. B uccrienoBanuy NpUHSUTN y4acTHe CTYyACHTHI (haKyibreTa nHGOpMaTHKU
JIr00MMHCKOTO MOTUTEXHIUYECKOTO YHUBEpCUTETa. Pe3ynbTaThl NCCIeJOBaHNSI CBUAETEILCTBYIOT
0 IpaBOMEPHOCTH ucnosb3oBanus pekomennanuii WCAG npu pa3zpabotke 006pa3oBaTeIbHOTO
KOHTEHTA IS CTYJICHTOB.

KaroueBsle CJI0Ba: JEKTPOHHOE 00ydYeHHe, CO3JaHue YIIPaKHEHHH, MyITbTUMETUHHbIE KyPCHI,
WCAG
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Development of a Web Service for Creating Tests Based
on Text Analysis Using Natural Language
Processing Technologies

Abstract

The purpose of the work is to analyze models, natural language processing
methods, and select modern technologies for training these models, as well as to
develop a web service for creating tests based on text analysis using natural lan-
guage processing technologies. The study considers methods and algorithms for
intelligent data analysis to generate questions and correct and incorrect answers
from the text. The authors justify the choice of a neural network for generating tests
based on English and Ukrainian text, and characterize data sources for training. The
study also describes the activity of the proposed model, which will serve as a basis
for creating a web service. After a detailed review of these datasets, the necessary
data for the experiment were extracted and transformed into a convenient format
for use. The training algorithm for 6 models was designed and implemented, and
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valuable metrics were obtained after their training. Additionally, a server-side and
web interface were developed to interact with each other.

Keywords: text analysis, natural language, natural language processing tech-
nologies, NLP, model

Introduction

To assess students’ knowledge and skills at the end of a semester or upon
completion of any topic, instructors often conduct a summative assessment. While
preparing for this process, the instructor needs to analyze the covered educational
material and, based on it, creates various questions with corresponding answers.
It is also essential not to forget about the subsequent test review, which involves
calculating the results for each student. The entire process is very monotonous,
consuming a lot of energy and time, especially if the instructor has a large number
of students. A similar chain of events also occurs during the evaluation of a com-
pany’s employee professionalism or, conversely, during their internship.

Therefore, the relevance of the topic is determined by the need to automate the
process of creating tests from textual material using natural language processing
technologies. Further research is required on the issue of properly training neural
models for generating questions, correct and incorrect answers based on an English
and Ukrainian text.

Tests are one of the primary forms of consolidating knowledge. The more
accurately they are selected, the more effectively the learning process can be
implemented. An automated system for creating questions could improve their
quality and increase their number, thereby covering more details and topics for
the learning program. With this system, instructors or employers could generate
questions based on covered material to assess the knowledge and skills of their
students and workers.

At present, there are numerous languages and nationalities, complicating this
task. To efficiently generate tests from a text in various languages, it is necessary
to consider the lexical, grammatical, and other features of each language. That is,
a separate implementation plan must be developed for each language to achieve the
best results. Therefore, to simplify the work, this project will focus on generating
questions, correct and incorrect answer options from an English text, as it is one
of the most widespread languages globally. Additionally, based on the conducted
research, algorithms will be adapted for Ukrainian texts.

In general, all types of questions can be divided into two groups: objective
and subjective. When answering objective questions, users are asked to choose
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the correct answer from the provided options. The most popular of this type are
multiple-choice tasks, matching, true or false, filling in blanks in a sentence, and
more. At the same time, when answering subjective questions, students need to
write the answer independently. Tasks of this type may require a short response
(from a few words to several sentences) or a long one (for example, an essay).
Therefore, for a successful generation, one needs to have such a data pair: a text
passage (minimum 2-3 sentences); a predetermined answer or a set of answers,
based on which questions will be asked and incorrect options will be generated.

To avoid doing this manually, there are numerous methods for extracting
so-called “keywords” from the text that can become potential answers, as well
as algorithms that can generate false options based on these words. Using this,
a comprehensive test can be created. One such interesting approach is Named
Entity Recognition (NER). Named Entity Recognition is a subtask of information
extraction that attempts to find and classify named entities in an unstructured text
into predefined categories, such as names of people, organizations, places, time,
quantities, monetary values, percentages, and more. That is, some named entities
can be used as answers, and some of them, which match a category, can be used
as incorrect options.

As for the generation of the questions themselves, this task is much more
complex. Unfortunately, most static methods do not show very high efficiency
and work well only with a few languages, such as English, while they cannot form
a long, consistently correct chain of words for Ukrainian. Therefore, nowadays,
artificial intelligence is increasingly replacing these algorithms, as this development
allows for obtaining more accurate results, similar to the ones obtained by human.
Considering this, further research was conducted in this area.

The purpose of the work is to analyze models, natural language processing
methods, and select modern technologies for training these models, as well as to
develop a web service for creating tests based on text analysis using natural lan-
guage processing technologies.

Methodology of Research

To achieve this goal, the following main tasks need to be solved:

¢ define the basic requirements and desired end results;

* research existing neural models of natural language processing that are suitable
for achieving the selected goals;

+ select suitable models and methods of their training;

* make a reasonable choice of tools for model training;

 create an API to interact with models (server side);
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 create a web interface for testing and general use of models (client side).

To solve these tasks, a number of methods were used: analysis, synthesis, and
generalization to study neural models of natural language processing and to select
tools for training models; and methods for training neural models using program-
ming languages.

Theoretical Background

Data mining methods and algorithms for generating questions, correct
and incorrect answers from the text

To implement the given task, natural language processing technologies can be
used. Natural Language Processing (NLP) is the ability of a computer program to
understand a human language. NLP is a branch of artificial intelligence that deals
with the interaction between computers and humans using a natural language. The
ultimate goal of NLP is to teach a neural network to read, decode, understand, and
determine the meaning of human language in a valuable way. Most NLP techniques
rely on various machine learning methods to derive meaning from a text (Educa-
tion Ecosystem, 2022).

NLP is used in various development areas, namely: in language translation
programs such as Google Translate; in text processors like Microsoft Word and
Grammarly for checking the grammatical accuracy of texts; in interactive voice
response programs; in personal assistants such as Google, Siri, Cortana, Alexa,
and more.

There are two main stages of natural language processing: preprocessing of
data and the development of the necessary algorithm to solve the given problem.
Preprocessing of data includes preparing and “cleaning” text data for machines
to be able to analyze it. Preprocessing presents the data in a workable form and
highlights specific words in the text that the algorithm can work with. This stage
may include the following processes (Lutkevich, 2022):

* tokenization — the text is broken down into smaller, separate units for process-
ing;

* removal of stop words — common, frequently repeated words and parts of
speech are removed from the text, leaving only unique ones that provide the
most information about the text;

* lemmatization and stemming — words are reduced to their root forms for pro-
cessing;

 part-of-speech tagging — words are marked with the part of speech they cor-
respond to, such as nouns, verbs, and adjectives.
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After preprocessing the data, the development of the text processing algorithm
begins. There are many different natural language processing algorithms, but usu-
ally, two main types are used: rule-based systems — these systems use carefully
pre-developed linguistic rules; machine learning-based systems — machine learning
algorithms are used to train neural networks. They learn to perform tasks based on
the training data provided to them and adjust their methods as they process more
data (Lutkevich, 2022). The second approach will be used in this study.

Effective question generation is an open scientific problem that still lacks
a universal, easy approach to its solution. The question generation itself consists of
two fairly complex processes: analysis of the lexical and syntactic context of input
sentences, and construction of new sentences based on the processed information,
following all the rules of the current language. Therefore, after analyzing various
sources, several works were found on the autogeneration of questions from a text in
Turkish (Akyon et al., 2022), Arabic (Nagoudi et al., 2022), and English languages
(Vachev et al., 2022).

In each of these works, special transformer models for natural language pro-
cessing based on machine learning were used. A transformer (neural network) is
a deep learning model. It uses an “attention” mechanism that takes into account the
relationship between all the words in a sentence. The transformer creates differen-
tial coefficients that indicate the elements in the sentence that are most important
for a more accurate interpretation of the meaning of problematic words. Thus, the
computer can quickly and efficiently understand ambiguous phrases (Negri, 2022).
Other scholars (Mellah et al., 2021; Affolter et al., 2019, Guo et al., 2019; Xavier
et al., 2022) have also considered various aspects of the issue in their works.

Transformers can differ in the type of input and output data. For example, they
can accept data in a text, visual, or audio format and return results of the same type.
To solve the problem of generating tests, transformers that can work with text data
and return a textual result will be considered. They are also called seq2seq models
(sequence to sequence).

Seq2Seq models consist of two parts: an encoder and a decoder. The encoder
and decoder can be thought of as translators who can speak only two languages.
Each of them has its own native language; for example, one can say that the en-
coder is a native speaker of Chinese, and the decoder is a native speaker of English.
Both have a second common language; let us say Japanese. To translate Chinese to
English, the encoder converts the Chinese sentence into Japanese. This Japanese
sentence is then passed as a context to the decoder. Since the decoder understands
Japanese and can read in this language, it can now translate the given Japanese
passage into English.

Another key component of the transformer architecture is a mechanism called
“attention.” This technique mimics cognitive attention. Cognitive attention re-
flects how our brain focuses on the meaningful parts of a sentence, helping us
understand its overall meaning. For example, when you read this sentence, you are
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always focused on the word you are reading, but at the same time, your memory
stores the most important keywords you have already read to ensure understanding
of the context.

The attention mechanism examines the input text sequence in parts, and at each
step, it decides which other parts of the sequence are important. This helps the
transformer filter out noise and focus on what is relevant, connecting related words
that, by themselves, do not contain any obvious markers pointing to one another.

Selecting a neural network for generating tests based on English and
Ukrainian text

At present, there are many ready-made natural language processing models,
each of which has been pre-configured on large datasets to be able to perform basic
NLP tasks. During this initial training, transformers learn various language con-
structs and basic functions, which are sufficient to avoid having to train them from
scratch. Thus, they begin to “understand” a human language. Datasets represent
a large “repository” of records that are stored in a special format. By receiving these
records as input, transformers learn to perform specific tasks. Pre-trained models
are most often used in the implementation of NLP tasks because they are easier to
adjust, have high accuracy, and require much less time and computational resources
for additional training compared to custom transformers built from scratch (neural
networks). Although most pre-trained transformers can perform a range of simple
tasks, none of them can initially generate questions, correct or incorrect answers
based on the analyzed text. Therefore, it is necessary to choose an NLP model
for each task and train them separately. There are countless neural networks that
can work with texts, but the choice of the best is limited by a number of factors,
namely:

1. The ability of the neural network to work with texts in different languages.

2. The amount of computational resources needed for training and operation of
the neural network.

3. The availability of the neural network on the Internet.

After analyzing several natural language processing models, the most optimal
option was found to be the Text-To-Text Transfer Transformer (T5) developed by
Google (Roberts, 2022). In TS5, all NLP tasks are transformed into a unified text
format in which the input and output data are always text strings, unlike models
like BERT (Devlin, 2019), which accept a text as an input but return results as
quantitative estimates.

The TS5 transformer was pre-trained on a large dataset, the Colossal Clean
Crawled Corpus (C4) (Dodge et al., 2021), so that it understands a human language
and can perform a range of tasks, such as data classification or text translation.
An important component for further training of neural networks for more specific
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tasks is the unlabeled dataset used for pre-training. To enhance the pre-training
effect, a dataset is needed that will not only be high-quality and diverse, but also
massive. Existing datasets for pre-training do not meet all three of these criteria —
for example, a collection of articles from Wikipedia is of high quality but is unified
in style and relatively small in size, while the Common Crawl dataset (Common
crawl) is huge and very diverse but has a relatively low quality.

So, to satisfy all requirements, Google developed the Colossal Clean Crawled
Corpus (C4), a cleaned version of Common Crawl, which is two orders of magni-
tude larger than the collection of Wikipedia articles. The cleaning process involved
deduplication, discarding incomplete sentences, and removing offensive or noisy
content. This filtering led to better initial training results for the T5 model. As for
the language, the TS model works only with English, but there is its multilingual
version (mT5), which can be used for Ukrainian. This model also has different
versions (dimensions), which allows it to be used even on ordinary machines with
a single graphics processor. It is worth noting that the smaller the size of the neural
network, the less accurate the results it produces, but their quality remains satis-
factory. Such models work much faster and are more accessible to ordinary users.

To train the T5 model for generating questions, correct and incorrect answers,
special datasets need to be used. Also, in training the transformer, the optimization
function plays an important role, helping to reduce the error of future calculations.
Mathematical optimization (sometimes referred to as optimization) or mathemati-
cal programming in mathematics, computer science, and operations research refers
to the selection of the best element (according to a certain criterion) from a set of
available alternatives. In the simplest case, the optimization task consists of find-
ing the extremum (minimum or maximum) of a real function by systematically
selecting input values from the allowed set and calculating the function’s value.
The optimization function to be used is the AdamW function (Graetz, 2022), which
is an improved version of the Adam method.

Comparison of available software products

The use of artificial intelligence is achieving great success in the field of
education. A striking example of such development is the increase in the number
of online platforms and mobile applications for teaching. Machine learning, deep
learning, and natural language processing are used to assist teachers in their work
and help students increase their productivity.

Let us consider software products with the ability to auto-generate questions
and determine the features of each of them: PrepAl, Quillionz, and Questgen. For
better perception, we will divide the analysis into certain evaluation criteria:
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1. Data submission methods, input formats, and sources
The first factor is the data input method. PrepAl allows multiple input formats.
It can read data from plain text, files (.pdf, .docx), video files or YouTube videos,
as well as Wikipedia articles. Quillionz also supports multiple input data formats:
plain text, “.pdf” files, and YouTube videos. In addition, Quillionz allows you to
choose a topic before generating questions, which helps the algorithm perform bet-
ter. Questgen, on the other hand, can only work with a text. Unfortunately, each of
the services supports only the English language, which is a significant drawback
and emphasizes the relevance of conducting research on test generation for the
Ukrainian language as well.
2. Types of questions and their generation
Generation in all applications is relatively fast. The process mainly takes from
a few seconds to a minute, but this number depends on the amount of input data.
3. Output data and storage
After the questions have been generated, they can be edited and saved. PrepAl
and Quillionz allow for editing and deleting questions with answers, while Quest-
gen, in addition, provides the ability to change their order. Unfortunately, none of
the services allows adding your own questions to the final result. In PrepAl, you
can export the created test in “.pdf”, “.docx”, or “.xlsx” format. Quillionz allows
for exporting data in “.txt”, “.pdf”, and “.docx” format. As for Questgen, it does
not allow for exporting the resulting test, but it can be copied as a text, saved to
a personal account, and printed in the prepared format. From the analysis, it can
be said that PrepAl mainly wins in terms of functionality, but Questgen showed
the best results in terms of the quality of generated questions.

Results

The server-side implementation, data processing, and training will be con-
ducted using the Python programming language, as it contains numerous built-in
methods and libraries that greatly simplify the development process. The model
training will take place in the Google Colaboratory cloud development environment
(Google Colaboratory, 2022). A single-page application (SPA) type of website is
chosen for a web interface development. The web application developed follow-
ing this scheme uses a single page and allows for dynamically changing content
without reloading, providing the user with an experience similar to using a native
application. The web interface will be written using the TypeScript programming
language and the React library.
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Characteristics of data sources for training

For the task of generating questions, the Stanford Question Answering Dataset
(SQuAD) can be utilized. SquAD is a reading comprehension dataset consisting
of questions posed on English Wikipedia articles. The answer to each question
is a word or text snippet from the corresponding passage or the question can be
unanswerable. Generally, SquAD was created for the opposite task — generating
answers to questions, but it is well-suited for the current task.

There are two versions of this dataset: SquAD 1.1 — the previous version of
the SquAD dataset, containing approximately 100,000 question-answer pairs
based on 500+ articles; SQuAD 2.0 — combines questions from SquAD 1.1 with
unanswerable questions written by crowdworkers to resemble answerable ones.
SquAD 2.0 will be used for training since this dataset contains two types of ques-
tions, allowing the model to learn to generate questions based on both predefined
answers and without them.

Now let us take a closer look at the structure of the selected dataset. Figure 1
shows several entries.

title

id (string) (stxing)

context (string) question (string)  answers (json)

Beyoncé Giselle In which decade I "text™: [ "late

Skitoua e aasaaanoni aage | Aoy Knowles-Carter (/bi. did Beyonce becom. 1990s" 1,..

Beyoncé Giselle In what R&B group i "text": [

SepIehHiacaadqHasetbly) | Baydaed knowles-Carter (/bi.  was she the lead.. “Destiny’s Child" ..

Beyoncé Giselle what album made T el <t R

56bf6baf3aeaaall@es8c9604 Beyoncé = 5 S
Y Knowles-Carter (/bi.. her a worldwide.. "Dangerously in..

Figure 1. SquAD 2.0 structure

Source: Own work.

In fact, the dataset is split into two files: train and dev. This is done for conveni-
ence. The first file is used for model training, while the second is used for validation
after each training epoch. The SquAD 2.0 translation into Ukrainian has already
been carried out in a fellow researcher’s work (Huggingface.co, 2022), where the
dataset was used for generating answers to questions. For the task at hand, it is
sufficient to have only a context, question, and answer. Moreover, the data is stored
in the less convenient JSON format rather than CSV. So let us modify the dataset
to meet our needs. For entries without an answer, the answer column will contain
a special token “[MASK]” to train the model to generate questions based only on
the context. Figures 2 and 3 show the result of the data transformation.
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squad_train df = load_pandas_df ()

1t (squad_train df.shape)

4 squad_train df.head()

File ./train-v2.@.json already downloaded
(13e219, 3)

context question answer
0 Beyonceé Giselle Knowles-Carter (/bi: jonser/ b... When did Beyonce start becoming popular? in the late 1990s

1 Beyonce Giselle Knowles-Carter (/bi-’jonser/ b... What areas did Beyonce compete in when she was singing and dancing

2 Beyoncé Giselle Knowles-Carter (/bi: jonser/b..  When did Beyonce leave Destiny's Child and bec 2003
3 Beyonce Giselle Knowles-Carter (/bi: jonser/ b... In what city and state did Beyonce grow up? Houston, Texas
4 Beyonceé Giselle Knowles-Carter (/bi- jonser/ b... In which decade did Beyonce become famous? late 1990s

Figure 2. Modified training set for generating questions

Source: Own work.

lead pandas df (fils_spliz='wal’)
nt {(squad wal df.shape}

4 squad_wal df.head(})

File ./dev-v2.@.json already downloaded

(11873, 3)

context quest ion answer
0 The Normans (Norman: Nourmands; French: Norman. In what country is Normandy located? France
1 The Nomans (Norman: Nourmands; French: Norman... ‘When were the Normans in Normandy? 10th and 11th centuries
2 The Nommans (Norman: Nourmands; French: Norman From which countries did the Norse originate? Denmark, Iceland and Norway
3 The Normans (Norman: Nourmands; French: Nerman Who was the Norse leader? Rollo
4 The Normans (Norman: Nourmands; French: Morman... What century did the Nermans first gain their .. 10th century

Figure 3. Modified validation set for generating questions

Source: Own work.

Now, let us set aside a few percent of the training dataset for the test set, which
will be used for checking the results after training. Figure 4 shows the result.

test _df, train df = split dataset{13)
val df = squad val df.copy()

N

t (train_ df.shape, '
t (val df.shape, 'val
t (test_df.shape, 'test_

df’)

2
2
2
2
2

test _df.head()

(113377, 3) train_df
(11873, 3) val_df
(16942, 3) test_df

context question answer
1778 Though the iPod was released in 2001, its pric How large was the hard drive on the original i... 5GB
12433 There are diverse interpretations of Christian, While many, the perceptions of Christianity ca...  conflict

13663 On January 25, 1918, at the third meeting of t... Which unofficial name was Russia given at the ... [MASK]
4280 Lee had lost her mother, who suffered from men. What profession did Harper Lee's father hold?  lawyer

12876 In 20112012, Sony Music Inc. expressed suppor. Which acts did not stir up any controversy? [MASK]

Figure 4. Creating a test data set for question generation

Source: Own work.
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For the task of extracting answers from the text, the SQuAD dataset will also
be used, but we will transform the data so that each entry contains the context and
a list of potential answers found within it. Splitting into three separate datasets
followed a similar principle as in the previous example.

To perform the task of generating incorrect answers, the ReAding Comprehen-
sion dataset from Examinations (RACE) can be used. RACE is a dataset containing
more than 28,000 paragraphs and approximately 100,000 questions. This dataset
is based on English language exams designed for middle and high school students
in China. Unlike the SQuAD dataset, which contains only questions and answers,
RACE also includes a list of incorrect answer options for each question-answer
pair. Now, let us take a closer look at the structure of the chosen dataset. Figure 5
shows several entries.

The dataset is already divided into three files: train, dev, and test. The transla-
tion of RACE into Ukrainian was carried out independently. Figure 6 shows the
transformed datasets in a convenient format for training.

E::’:';:Si" article (string) ‘(‘:ii’jig) question (string) options (sequence) -

- o [ e . "What did Mamey try [ "Measure the depth of
BIEERE DR | ek o, 2 T R e R e

“highisad2 - | The xain had e *The following are [ "It took Lizzie and
2 T continued for a week. true according to th.. Nancy about 28 minutes to..

“histisAag b | The:zain had e “What did the local [ “They put up shelter for
L continued for a mesk- people do to help- them in a school.”, *They..

Figure 5. RACE structure

Source: Own work.

(87849, 1)
(4887, ')
(934, 4)
context question correct_option incorrect_options

«KyMBTYpa CAIATAETHER 3 YCix CTINbHIX TPOTYKTL. ¥ crinkyBanl He Gyae TPYRHOUIB, FKLO . MIOIH 3 PISHHX kDGl MOKYTh HATH MOBH T2 KYNT... (1WA 3 ISHAX KDk MOXYTh OBODHTH MOB3MH OF
«OBigaTH 1032 A0MOMS 360 «ICTH 1032 AOHOM — L. JrJHO 3 YPHBKOW, FKE 3 HACTYTHIX TEEPIKEHS € .. Balle

o i piakinx pe.

)

1

2 <OBiaam nosa AowoM» 360 wicTi 1033 AOMOM> — L, T1p0 10 8 OcHoBKOMY AAeTscH B ypHEKy? Pecropara P pecr.
3

4

«MpIl MOXYT GyTH BXAWBILIAMH 33 COH. Ham ycin, (CRaTi e GyTH MeHL BaXNHBO, Wik _ con {Aywato, npauosah, AoCTTKeHHS]

«Mpil MOYTS ByTH BEXTWBILLMMI 33 COH. Hal yci. G Ta inewm saseiian _ 8 Koneopl [aye A0Bro, npo posry, Ayxe cywio]

Figure 6. Modified datasets for generation of incorrect answer choices

Source: Own work.

Model training and practical implementation

For each of the three identified tasks, a separate model for both English and
Ukrainian languages needs to be trained. Therefore, a total of 6 transformers will
be trained. In each of the three cases, the overall training process is similar and
differs in terms of some details. So, let us consider only the common methods.
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We will start training the TS model. It is best to conduct training on a graphics
processor because it is a complex computational process that can take a lot of time,
especially if using a regular CPU, which has far fewer cores. Google Colaboratory
offers the opportunity to use powerful graphics processors for free but limits their
continuous usage to 6 hours, which is also important to consider since sometimes
training models can take much longer, so it has to be done in parts. To ensure that
the training is performed on a GPU, go to Edit -> Notebook settings -> Hardware
accelerator and select GPU. Check the information about the GPU chip to which
the current notebook has an access (Figure 7).

Figure 7. GPU information

Source: Own work.

Next, we choose the language for which we want to perform training and
connect Google Drive to the runtime environment so that we can write and read
files from it. Now, we set up Google Drive as the working directory for storing all
checkpoints and logs.

The “transformers” library contains various NLP models for solving a wide
range of tasks. In this work, we export the TS model from it. The “pytorch-lightning”
library contains many useful classes that simplify the training process and reduce the
amount of a written code. The “tokenizers” library contains special tokenizers that
prepare the text input for the model. We import the required methods and classes.

Next, we need to prepare the dataset for use. After that, appropriate classes
with methods for training are created. For each task, the classes were developed
separately, but their operating principle is quite similar. The following is an exam-
ple of classes for generating questions. We inherit a special Dataset class, which
manipulates the dataset. We also add another special token “SEP” to separate parts
of input and output sequences. Now we create a DataModule class. DataModule
is responsible for creating Datasets (for training, validation, and testing) and for
creating appropriate Datal.oaders for iterating over them. In the end, we create
a Trainer, which will carry out the training, and a ModelCheckpoint that will save
the model after each epoch. This way, the best model can be used later on. Figure
8 shows the training process.
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2 trainer.fit (model, data_module)

Downloading: 100% [ 231123 1M [00:04<00-00, 55.2MB/s]

LOCAL_RANK: @ - CUDA_VISIBLE_DEVICES: [@]

aaaaa

ize (MB)

-
Epoch 7- 100% [ 15950/18960 [46:48<00.00, 6.75is, loss=1.08, v_num=1, train_loss=1.640, val_loss=1.360]

Figure 8. Training model

Source: Own work.

Now we can move on to the time metrics. Due to Google Colaboratory limita-
tions, the training of some models took place in two or even three stages. However,
the pytorch-lightning library can save logs and the state of the model being trained
at the time of urgent and emergency disconnections from the runtime environment.
For the question generation task, the process of training the English model took ap-
proximately 6 hours (8 epochs). Training the Ukrainian model took approximately
9 hours (12 epochs). For the potential answer extraction task, the process of training
the English model took approximately 2 hours (6 epochs). Training the Ukrainian
model took slightly over 2 hours (8 epochs). For the incorrect answer generation
task, the process of training the English model took approximately 6 hours (10 ep-
ochs). Training the Ukrainian model took approximately 8 hours (8 epochs).

Results of the training

We load the trained models and test them on the test dataset. Now we install
the “tensorboard” extension to display graphs with metrics and specify the path to
the directory where logs were stored.

Below, in Figures 9—11, the main loss minimization graphs during training and
validation for the English models are presented.

train_loss L val_loss b4

i

a) Q 10k 20k 30k 40k 50k b) 10k 20k 30k 40k S0k

Figure 9. Graph of loss changes during a) training / b) validation for the task of
generating questions

Source: Own work.

IJREL.2023.9.2.04 p. 13/22



Tetiana A. Vakaliuk, Oleksii V. Chyzhmotria, Svitlana O. Didkivska, Illia Linevych

train_loss val_loss
tag: train_loss tag: val_loss

4
3

b4

a) 0 2k 4k 6k Bk 10k 12k b) 2k 4k 6k 8k 10k 12k

Figure 10. a) Graph of loss changes during training for the task of extracting poten-
tial responses. b) Graph of loss changes during validation for the task of extracting
potential answers

Source: Own work.

train_loss 5303 val_loss T o

225
26

22
24
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22
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a) o 10K 20k 30K b) 10k 20k 30K

Figure 11. a) Graph of loss changes during training for the task of generating incor-
rect answers. b) Graph of loss changes during validation for generating incorrect
answers

Source: Own work.

Now, in Figures 12—14, the main loss minimization graphs during training and
validation for the Ukrainian models are presented.

ra

train_loss ool val_loss xr O

25| | 14 \

1 | 08
.

a) 0 10k 20k 30k 40k 50k 6O b) 10k 20k 30k 40k S0k 60k

Figure 12. Ukrainian models graph of loss changes during a) training / b) validation
for the task of generating questions

Source: Own work.
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As can be seen from the figures, with each training epoch, the neural models
provided more and more accurate results. Now we can move on to the demonstra-
tion of their use.

train_loss val_loss
tag: train_loss tag: val_loss

ey

a 2k 4k 6k Bk
Figure 13. Ukrainian models a) Graph of Ioss changes durlng training for the task
of extracting potential responses. b) Graph of loss changes during validation for
the task of extracting potential answers

Source: Own work.

train_loss T val_loss n

a) 0 10k 20k 30k b) 10k 20k ank

Figure 14. Ukrainian models a) Graph of loss changes during training for the task
of extracting potential responses. b) Graph of loss changes during validation for
the task of extracting potential answers

Source: Own work.
Development of the server API
After training, the models were saved to separate files, and a special API for

their use was written using the Python programming language and the Flask library.
Figure 16 shows the main endpoints.
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Figure 15. APl endpoints

Source: Own work.

The first endpoint contains a description of the usage, and the second provides
the access to the trained models, with which a complete test generation can be
performed.

Let us look at the parameters accepted by the second server API endpoint in
more detail:

» language — the input text language. Possible values: “ENG”, “UKR”;

* text — a paragraph of the text from which tests will be generated. A minimum
paragraph character counts: 50;

* desired questions count — the desired number of questions to be generated.
Possible values: from 1 to 20. Can be “null” if the “predefined answers” pa-
rameter is specified;

» predefined answers — answers chosen by the user. Possible values: str[], 1 to
20. Can be “null” if the “desired _questions_count” parameter is specified;

» generate distractors — determines whether to generate incorrect answers. Pos-
sible values: “True”, “False”.

After sending a request for generation, the parameters undergo validation.
If the validation is successful, the data enters the main class responsible for test
generation and connects the previously trained models. First, the text is cleared of
noise. Next, the filtered text is broken down into smaller parts. The spaCy library is
responsible for this. It uses numerous natural language processing methods and
is able to work with many languages. After this, one of the neural networks must
find potential answers, the number of which should correspond to the desired num-
ber of generated questions. If the user enters potential answers themselves, this step
is ignored. The next step is creating questions. Based on the found answers and the
text snippets they relate to, another neural network generates questions. Finally,
if the “generate_distractors” parameter contains the “True” value, the third neural
model will begin generating incorrect answer options for each question.
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none @ form-data @ x-www-form-urlencoded @ raw @ binary @ GraphQL  JSON v Beautify

) TestR: @ 2000k 13655 128kB  SaveResponse v

Prety  Raw  Preview  Viswize  sON v I @ Q
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om the coast does the water pass through the delta?”

is the Anazon located?”

Figure 16. Generating questions based on the text in English

Source: Own work.

This model takes into account the text snippet on which the question was based,
and adjacent ones to increase result diversity. In the final stage, the generated
questions, correct, and incorrect answer options are formatted and combined into
a single JSON object that is returned to the client. At this point, test generation can
be considered complete. The test creation time varies greatly and depends on the
desired number of questions and the need to generate correct (the user can specify
them independently) or incorrect answers. On average, generating a test with 15-20
questions takes about two minutes. Figure 16 shows the testing of the server API
and the generation of five questions from a paragraph of a text. All requests were
executed using the Postman program.

Web interface
As mentioned earlier, a web application was developed for using the server API

using the TypeScript programming language and the React library. Let us consider
its structure and capabilities. Figure 17 shows the main page with instructions for
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use. The application supports two interface languages: English and Ukrainian.
To change it, click on the selector in the upper right corner and choose the desired
option.

Test generator

1. Choose language for generation and insert a cauple of

paragraphs of text. A q._'
2. Specify the desired number of generated questions or select
potential answers yourself and questions vi 1l be generated based
on them.

3. Click the “Generate® button to get a ready-made test and start

editing it as needed.

Figure 17. Web application home page

Source: Own work.

All further instructions will be executed for the English interface. To start creat-
ing a test, click the “Generate test” button. After that, you will be redirected to the
generation form page. This form contains fields that correspond to the server API
parameters: Language — the language of the text; Generate distractors — a check-
box indicating whether to generate incorrect answer options; Desired questions
count — the desired number of generated questions. This is a required field, but if
potential answers (Predefined answers) are specified manually, this field is ignored;
Predefined answers — desired answers specified manually, based on which ques-
tions will be generated. Answers must be separated by a semicolon “;”; Text — the
text from which the test will be generated. Fill in the form and try to generate a test
with 5 questions (Figure 18, a). Click the “Generate” button to get the result. Now
you can start editing the test in a special text editor (Figure 18, b). The answers are
highlighted in a bold format.

a)
Figure 18. a) Generation of a five-question test; b) Generated test from English text

Source: Own work.
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Discussion

The problem of auto-generating questions and correct and incorrect answers
based on a particular text is relevant and widespread for the research. This will
make it easier for teachers to create questions and answer options in the future.
The proposed approach can be easily adapted to other languages, not just English.

In the future, teachers should be encouraged to try using such an application
for educational purposes and analyze its advantages and disadvantages according
to various criteria and indicators. Developing such criteria and indicators involves
using the expert research method, which will be the next stage of the study.

Conclusions

In this study, the problem of autogeneration of questions, correct and incorrect
answers based on the English text was identified. Based on this, several scientific
works on this topic were researched and analyzed. As a result, it was decided to
create a proprietary algorithm that would perform this task, i.e., generate questions,
correct and incorrect answers from an English text. Special SQuAD and RACE
datasets were chosen for training. After a detailed review of these datasets, the
necessary data for the experiment were extracted and transformed into a convenient
format for use. The training algorithm for 6 models was designed and implemented,
and useful metrics were obtained after their training. Additionally, a server-side
and web interface were developed for interaction with them.

In conclusion, the models were configured correctly, and now they fully per-
form the assigned task. Overall, the conducted research and work can be considered
successful, as the web application requires a minimal amount of user actions.

The prospects for further research include studying the possibility and feasibil-
ity of using this software tool for educational purposes.
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Opracowanie ustugi internetowej do tworzenia testow opartych na analizie tekstu
z wykorzystaniem technologii przetwarzania jezyka naturalnego

Streszczenie

W artykule przeanalizowano modele i metody przetwarzania jezyka naturalnego oraz wybrano
nowoczesne technologie szkolenia modeli w celu opracowania ustugi internetowej do tworzenia
testow opartych na analizie tekstu z wykorzystaniem technologii przetwarzania jezyka naturalnego.
Badanie uwzglednia metody i algorytmy inteligentnej analizy danych w celu generowania pytan oraz
poprawnych i niepoprawnych odpowiedzi z tekstu. Autorzy uzasadniaja wybor sieci neuronowe;j
do generowania testow na podstawie tekstu w jezyku angielskim i ukrainskim oraz charakteryzuja
zrédia danych do szkolenia. Badanie opisuje roéwniez dziatanie proponowanego modelu, ktory po-
stuzy jako podstawa do stworzenia ustugi internetowej. Niezbedne dane do eksperymentu zostaty
wyodrebnione i przeksztalcone w wygodny do uzycia format po szczegétowym przegladzie tych
zbioréw danych. Zaprojektowano i zaimplementowano algorytm treningowy dla 6 modeli, a po ich
wytrenowaniu uzyskano wartosciowe metryki. Dodatkowo opracowano interfejs po stronie serwera
i interfejs sieciowy do interakcji z nimi.

Stowa kluczowe: analiza tekstu, jezyk naturalny, technologie przetwarzania jgzyka natural-
nego, NLP, model

Tetiana A. Vakaliuk, Oleksii V. Chyzhmotria, Svitlana O. Didkivska, Illia Linevych

Desarrollo de un servicio web para la creacion de pruebas basado en el analisis
de textos mediante tecnologias de procesamiento del lenguaje natural

Resumen

El articulo analiza modelos y métodos de procesamiento del lenguaje natural, y selecciona tec-
nologias modernas para el entrenamiento de modelos con el fin de desarrollar un servicio web para
la creacion de tests basados en el andlisis de textos utilizando tecnologias de procesamiento del len-
guaje natural. El estudio considera métodos y algoritmos de andlisis inteligente de datos para generar
preguntas y respuestas correctas e incorrectas a partir del texto. Los autores justifican la eleccion de
una red neuronal para generar tests basados en textos en inglés y ucraniano y caracterizan las fuentes
de datos para el entrenamiento. El estudio también describe la actividad del modelo propuesto, que
servira de base para crear un servicio web. Tras un examen detallado de estos conjuntos de datos,
se extrajeron los datos necesarios para el experimento y se transformaron a un formato conveniente
para su uso. Se disefié e implement6 el algoritmo de entrenamiento de 6 modelos y se obtuvieron
valiosas métricas tras su entrenamiento. Ademas, se desarroll6 una interfaz web y de servidor para
interactuar con ellos.

Palabras clave: andlisis de texto, lenguaje natural, tecnologias de procesamiento del lenguaje
natural, PLN, modelo
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Pa3pa0oTka Be0-cepBHca 17151 CO3AaHUsI TECTOB HA OCHOBE AHAJIN3a TEKCTa
€ MCIO0JIb30BAHMEM TeXHOJIOTUii 00padOTKH eCTeCTBEHHOIO SI3bIKA

AHHOTANUSA

B crarse mpoaHanu3upoBaHbl MOJEIN U METOIBI 00PaOOTKH €CTECTBEHHOTO SI3bIKA M BBIOPAHBI
COBpPEMEHHbIE TEXHOJIOTHU 00yUeHHsI MOZAEIEH ¢ Lenblo pa3paboTKu BeO-cepBHca A CO3aHUS
TECTOB Ha OCHOBE aHAJIN3a TEKCTa C UCIIOIb30BaHUEM TEXHOJIOTHH 00pabOTKU €CTECTBEHHOTO SI3bI-
Ka. B nccnenoBaHMM NCTIONB3YIOTCSl HHTEIIEKTYAIbHBIE METO/BI aHAIN3a JAHHBIX U aJTOPUTMEI
JUIS TEHEepauy BOIIPOCOB, a TAKKe MPABIIIBHBIX M HENPABHIBHBIX OTBETOB M3 TEKCTa. ABTOPHI
000CHOBBIBAIOT BEIOOP HEHPOHHOMN CETH IS TeHEepaI[i TECTOB Ha OCHOBE TEKCTA HAa aHITIHHCKOM
1 yKPAUHCKOM SI3bIKaX M XapaKTePU3yIOT HCTOUHNKH JaHHBIX 17151 00ydeHust. B nccienoBanun Taxke
onucaHa paboTa MpeAToKeHHOH MOJIENH, KOTOpast MOCTYKHT OCHOBOI ISl co3/jaHus BeO-cepBHca.
Heob6xoauMeble [uisi SKCIIEpUMEHTA JaHHbIC OBLIM M3BJICUSHBI U MPeoOpa3oBaHbl B yIOOHBIN 1S
HCTIOB30BaHMs (hopMar Mmociie AeTaabHOr0 PACCMOTPEHUSI 3THX HA0OPOB TaHHBIX. BT paspaboTan
U peayn30BaH aITOPUTM 00ydeHHs Ui 6 MojeieH, mocie ux oOy4eHHs! ObUIH ITOTyYCHBI [ICHHBIC
METpHUKH. JIoTOTHUTENHHO OBLTH pa3padOTaHbl CEpBEPHBINA HHTEpdelic U BeO-uHTepdeiic 1 B3a-
UMOJIEMCTBUS C HUMH.

KnroueBbie €I10Ba: aHAM3 TCKCTA, €CTCCTBCHHBIH S3BIK, TEXHOJIOTHH 00pa00TKH €CTECTBEHHO-
ro si3eika, HJIIT, monens
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