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Abstract
This is an introductory text to a collection of selected papers from the 9th Workshop on Cloud Technolo-
gies in Education (CTE 2021) which held in Kryvyi Rih, Ukraine, on the December 17, 2021. It consists of
short introduction, papers’ review and some observations about the event and its future.
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1. Introduction

1.1. CTE 2021: At a glance

Cloud Technologies in Education (CTE) is a peer-reviewed international Computer Science
workshop focusing on research advances, applications of cloud technology in education.

The Workshop occupies contributions in all aspects of educational technologies and cloud-
based learning tools, platforms, paradigms and models, functioning programmes or papers
relevant to modern engineering and technological decisions in the IT age.

Figure 1: CTE 2021 logo.

CTE topics of interest since 2017 [1, 2, 3, 4]:

• Adaptive Cloud Learning Platforms
• Blended Learning
• Blockchain in Education
• Cloud-based AI Education Applications
• Cloud-based E-learning Platforms, Tools and Services
• Cloud-based Learning Environments
• Competency-Based Education Platforms
• Digital Transformation of Education
• Educational Data Mining
• Emotion AI
• Immersive Technology Applications in Education
• Mobile Learning
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• Smart Campus Technologies
• Social Analytics in Education

This volume represents the proceedings of the 9th Workshop on Cloud Technologies
in Education (CTE 2021), held in Ukraine, Ukraine, on December 17, 2021. It comprises
26 contributed paper that were carefully peer-reviewed and selected from 37 submissions
(https://notso.easyscience.education/cte/2021/). Each submission was reviewed by at least 3
program committee members. The accepted paper present the state-of-the-art overview of
successful cases and provides guidelines for future research.

The volume is structured in six parts, each presenting the contributions for a particular
workshop session.

1.2. CTE 2021 Program Committee

Assoc. Prof. Leon A. Abdillah, Associate Professor of
Computer Science and Information Systems, Department of
Information Systems, Universitas Bina Darma, Palembang,
Indonesia.

Leon A. Abdillah, was born in Limau Barat, Prabu-
mulih/Muara Enim, South Sumatra. He has studied Infor-
mation Systems, Information Systems Management, and
Information Retrieval Systems during the study period. In
2001 he joined as a lecturer at one of the leading private
universities in the city of Palembang. In 2010 he became
Associate Professor (Assoc. Prof.) at the Faculty of Com-
puter Science Program Information Systems Studies (Ac-
credited A). Assoc. Prof. Leon A. Abdillah is active as
speaker, author, editor, reviewer, committee on a number
of journals (Scopus, Clarivate Analytics/WoS, SINTA, etc.),
conferences/seminars [AIP, Atlantis Press, EAI, IEEE, IOP,
SCITEPRESS], books/book chapters, etc. He includes 500 Indonesian scientists (Webometrics,
2015), examiner at Monash University (Group of Eight), Australia, and mentor at Publons, New
Zealand. He also often gets awards for the best undergraduate and post graduate categories, the
best computer science lecturer, the best reference article, excellent paper, top reviewer, selected
article, Sinta Award, etc. His research lately has been related to Human-Computer Interaction,
UI-UX, Financial Technology (Fintech), Social Media, E-Learning, Knowledge Management
Systems, Management Administration, etc.

WWW: https://leonabdillah.wordpress.com/
E-mail: leon.abdillah@yahoo.com

Dr. Fernando Almeida, Professor of Computer Science and Innovation, Head of School of
Science and Technology, ISPGAYA, V.N.Gaia, Portugal.
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Fernando Luís Almeida has a Ph.D. in Computer Science
Engineering from the Faculty of Engineering of Univer-
sity of Porto (FEUP). He also holds an MSc in Innovation
and Entrepreneurship and in Informatics Engineering from
FEUP. He has around 10 years of teaching experience at
higher education levels in the field of computer science
and management. He has also worked for 15 years in sev-
eral positions as a software engineer and project manager
for large organizations and research centers like Critical
Software, CICA/SEF, INESC TEC, and ISR Porto. He is a
founder member of the International Association of Innova-
tion Professionals and he is involved in the development of
the US TAG group for ISO 56000 (Innovation Management).
His current research areas include innovation policies, en-
trepreneurship, software development, and decision support systems.

WWW: https://orcid.org/0000-0002-6758-4843
E-mail: almd@fe.up.pt

Prof. Dr. Vitalina Babenko is Professor (Full) of Interna-
tional E-commerce and Hotel&Restaurant Business Depart-
ment, V. N. Karazin Kharkiv National University (Ukraine),
Dr. Sci. (habil.) in Economics, PhD in Technical Sciences.

Her sphere of scientific interests includes the manage-
ment of innovation processes, economic-mathematical mod-
elling, information systems and technologies. She has pub-
lished around 300 papers in peer-reviewed journals and in
the proceedings of conferences. She has taken part in more
than 100 conferences and workshops as a Chair, Keynote
Speaker, member of the Scientific Program Committee, an
Organizer and Session Chair. She is Editor-in-Chief of Jour-
nal of International Relations, Economics, Country Studies,
Tourism; International Journal of Economics and Management Systems and member of edi-
torial board of some scientific journals. She is the Member of Doctoral Academic Councils
in Economics, Expert of the Ministry of Education of Ukraine and Expert of Ukrainian Insti-
tute Scientific Technical Information. Council many national and international informatics
associations.

WWW: http://international-relations-tourism.karazin.ua/Babenko
E-mail: vitalinababenko@karazin.ua

Dr. Liudmyla Bilousova, Full Professor, Independent researcher, Kharkiv, Ukraine.
Liudmyla Bilousova got a M.A. in Radio-physics from Kharkiv State University, USSR (1959),

and PhD in physical-mathematical science from Kharkiv State University, USSR (1970). Liud-
myla Bilousova headed Computer Science Department at G.S. Skovoroda Kharkiv National
Pedagogical University for 27 years (1991–2018).
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She is a founder and a head of her scientific school on
the problems of development of Informatics education and
the implementation of innovative technologies in educa-
tional process. In the framework of the school a series of
PhD and doctoral research has been completed. Dr. Liud-
myla Bilousova is a scientific supervisor of 23 PhD theses.
She is an author of about 400 scientific and methodical
works including 5 collective monograph and 64 tutorials.
Liudmyla Bilousova is a PC member of International Con-
ference ICTERI-2019, International Workshop CTE, and
ICon-MaSTEd 2020, 2021.

WWW: http://web.archive.org/web/20201027120942/
http://hnpu.edu.ua/uk/bilousova-lyudmyla-ivanivna

E-mail: lib215@gmail.com

Dr. Olga Bondarenko, Candidate of Pedagogical
Sciences, Associate Professor, Department of Economic
and Social Geography and Methods of Teaching, Kryvyi
Rih, Kryvyi Rih State Pedagogical University Kryvyi Rih,
Ukraine.

Olga Bondarenko, born in 1979, in 2001 graduated with
honors from the geographical faculty of Kryvyi Rih State
Pedagogical University, majoring in “Pedagogy and Method-
ology of Secondary Education. Geography and Biology”,
acquired Bachelor Degree. In 2002 she received a Master
Degree with honors in the major “Pedagogy and Method-
ology of Secondary Education. Geography”, qualified as a
teacher of geography. In 2009, she successfully defended her
PhD thesis at the Republican Higher Educational Institution
“Crimean Humanities University” (Yalta) and received a PhD
in Pedagogical Sciences. Since 2005 he has been working
at Kryvyi Rih State Pedagogical University. Author of a
number of scientific publications on vocational education,
training of future teachers for pedagogical activity. Her
research interests include teacher training, the use of ICTs
and GIS technologies in the educational process.

WWW: https://kdpu.edu.ua/personal/ovbondarenko.
html

E-mail: bondarenko.olga@kdpu.edu.ua

Dr. Chun-Yen Chang is a science education scholar in
Taiwan. Currently, he serves as National Taiwan Normal
University (NTNU) Chair Professor, Director of Science
Education, Professor of the Graduate Institute of Science
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Education and the Department of Earth Sciences.
Over the past few years, he has been a Visiting Professor at the Taipei Medical University,

The Education University of Hong Kong, and the Paris 8 University. Dr. Chang’s major research
interests include science education, e-Learning, interdisciplinary science learning and science
communication. Dr. Chang now is the Editor-in-Chief of the Eurasia Journal of Mathematics,
Science and Technology Education and European Journal of Mathematics and Science Education,
as well as the Co-editor of International Journal of Educational Methodology. He is also on the
Editorial Board of three SSCI-level journals: (1) Studies in Science Education (science education);
(2) Learning, Media & Technology (learning technology); (3) Journal of Science Education and
Technology (science education & technology). In February 2013, Dr. Chang’s catechol-O-
methyltransferase (COMT) study was privileged with a report by the New York Times Sunday
Magazine, as well as in the news featured on Association of Psychological Science website.

WWW: http://changcy.com/index_eng.html
E-mail: changcy@ntnu.edu.tw

Dr. Roman Danel, researcher at Department of Me-
chanical Engineering, Faculty of Technology, Institute of
Technology and Businesses (VŠTE) in České Budějovice,
Czech Republic; assistant at Department of Applied Infor-
matics, Faculty of Economics, VŠB-Technical university of
Ostrava, Czech Republic; visiting professor at WSG Byd-
goszcz, Poland.

Roman Danel, born in 1967, spent 18 years in commercial
practice in the field of IT / ICT, where he worked as an an-
alyst, senior programmer, database and system administra-
tor, project manager in information systems development,
branch manager and for 4 years ran his own company spe-
cializing in SW supplies for industrial systems. He has been
working at the university since 2009, in 2012–2017 he was
the head of the Automation department at the Faculty of
Mining and Geology, VŠB-Technical university of Ostrava.
Since 2012, he has also been lecturing databases, information systems, operating system, MES
system in production and www technologies at University of Economy Bydgoszcz (WSG),
Poland. His research interests include information systems and automatic control in industry,
databases, software engineering and business information systems.

E-mail: danel@rdanel.cz

Ing. Helena Fidlerová, Ph.D., is a senior researcher at the Slovak University of Technology
in Bratislava, Faculty of Materials Science and Technology in Trnava, Institute of Industrial
Engineering and Management, Slovakia.

Ing. Helena Fidlerová, Ph.D. received her Ph.D. degree in the field of Industrial Management
in 2006. Her research aims at education, STEM education, digital competencies, Industry
4.0, Education 4.0, industrial engineering, sustainable competencies, and the application of
statistical methods ahivng more than 79 domestic and international responses, including 33
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in WOS/Scopus. Since her study has extensive experience in domestic research projects under
the Slovak Ministry of Education VEGA, KEGA), and international projects, e.g. ALTECS –
Knowledge exchange in the framework of alternative economic systems for the promotion
of sustainable regional development; International Visegrad Fund No. 21810100: Academic
Research Consortium integrating databases, robotics, and language technologies. She is a project
leader for Slovakia in Erasmus + KA2 project: Knowledge Alliance for Business Opportunity
Recognition in SDGs. She is a member of the Slovak Statistical and Demographic Society (SDSS),
a member of the International Association of Engineers (IAENG) and a member of the editorial
board of scientific journals Acta logistica, ARCHIWUM WIEDZY INŻYNIERSKIEJ; Information
Technologies and Learning Tools; EDUCATIONAL DIMENSION.

WWW: https://orcid.org/0000-0002-3426-5803
E-mail: helena.fidlerova@stuba.sk

Dr. Irina Georgescu, Lecturer of Computational Intelli-
gence, Department of Informatics and Economic Cybernet-
ics, Bucharest University of Economics, Bucharest, Roma-
nia.

Irina GEORGESCU holds a PhD in Economics from Turku
Centre for Computer Science, Turku, Finland. Currently
she is a lecturer at the Department of Economic Informatics
and Cybernetics, Bucharest Academy of Economic Studies.
Her research interests lie in the areas of fuzzy economics,
computational intelligence and econometrics. She is the
author of about 40 journal papers and 2 books published in
Springer Verlag.

E-mail: irina.georgescu@csie.ase.ro

Dr. Liudmyla Gryzun, Full Professor of Information
System Department at Simon Kuznets Kharkiv National
University of Economics, Ukraine.

Liudmyla Gryzun earned a M.A. in Applied Mathemat-
ics from the Kharkiv State University, USSR (1986); PhD
and Second Doctoral Degree in Pedagogical science from
G.S. Skovoroda Kharkiv National Pedagogical University
(Ukraine). The sphere of her research is focused on the
curriculum and educational content design in higher ed-
ucation, the process of curriculum disciplines structuring,
based on scientific knowledge integration; AI application to
pedagogical problems solution; IT tools for inquiry-based
and holistic learning etc. She is an author of more than 120
scientific and methodical works including 1 monograph, 2
collective monographs, and 6 tutorials. Liudmyla Gryzun
has delivered a number of Keynote presentations at the In-
ternational conferences: 2018 ICTEL (Rome, Italy), 2018 ICRTEL (Barcelona, Spain), 2019 ICSTR
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(Rome, Italy), 2020 ICSTR (Berlin, Germany; Paris, France; London, UK) and others. She is also
a reviewer of the foreign journals (Universal Journal of Educational Research (USA); Athens
Journal of Education, IJIRES (International Journal of Innovation and Research in Educational
Sciences)). Liudmyla Gryzun is a PC member of International Workshop CTE and ICon-MaSTEd
2020, 2021.

WWW: http://www.is.ksue.edu.ua/?q=node/295, https://www.linkedin.com/in/
liudmyla-gryzun-68769280/, https://www.researchgate.net/profile/Liudmyla_Gryzun

E-mail: Lgr2007@ukr.net

Dr. Vita Hamaniuk, Professor of German, Literature
and Didactics, Department of German, Literature and Di-
dactics, Kryvyi Rih State Pedadogical University, Kryvyi
Rih, Ukraine.

Vita Hamaniuk, born in 1965, 1995 received a Candidate
of Pedagogical Sciences degree (Dr. ped.) from the Kharkiv
State Pedagogical H. Scovoroda University, in 2013 – a Doc-
tor of Pedagogical Sciences degree (Dr. habil.) from the
East-Ukrainian National Volodymyr Dahl University. In
2001 she received his habilitation as the Docent (Assoc.
Prof.) at the Department of Foreign Languages of Kryvyi
Rih State Pedagogical University. In 2015 she received his
habilitation as the Professor (Full Prof.) at the Department
of German, Literature and Didactics of Kryvyi Rih State
Pedagogical University. From September 1995 until now
Vita Hamaniuk worked as a head of Department of Foreign
Languages, as an Associate Professor, Head of Department, Full Professor of Department of
German, Literature and Didactics. From April 2017, she works as vice-rector for research at
Kryvyi Rih State Pedagogical University. Her research interests include foreign languages
teaching and learning, didactics of multilingualism, e-learning, blended learning, comparative
researches in Education. She has published a number of papers in Ukrainian and international
journals, actively participates in international conferences and projects.

WWW: https://kdpu.edu.ua/personal/vagamanuk.html
E-mail: vitana65@gmail.com

Dr. Dragos, Daniel IORDACHE is a scientific researcher
2nd degree in the "Systems and Applications for Society"
department of ICI Bucharest and university lecturer at the
Faculty of Psychology and Educational Sciences from Uni-
versity of Bucharest. He received the PhD degree in Science
of Education from the University of Bucharest in 2012. His
research interests include: virtual learning environments,
augmented reality, professional and career counseling, us-
ability and pedagogical evaluation of e-Learning systems,
user testing and heuristic evaluation of interactive systems.
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WWW: https://www.researchgate.net/profile/Dragos_Iordache
E-mail: dragos.iordache@ici.ro

M.-Carmen Juan has a Ph.D. in Computer Science (2000)
from the Universitat Politècnica de València (UPV). She has
been a professor at the UPV since 1996 and a Full Professor
since 2014. Her areas of interest include: computer graphics,
virtual and augmented reality, advanced user interfaces and
their applications to psychology, medicine, and education-
entertainment.

WWW: http://personales.upv.es/mjuanli/, http://www.
upv.es/ficha-personal/mjuanli

E-mail: mcarmen@dsic.upv.es

Arnold Kiv received the D. Sc. (Dr. Hab.) degree in solid
state physics from Tartu Institute of Physics, Tartu, Estonia,
in 1978.

From 1964 to 1982, he was a Senior Researcher and
a Head of the Laboratory of Radiation Effects, Institute
of Nuclear Physics, Academy of Sciences, Tashkent,
Uzbekistan. From 1983 to 1998, he was a Head of the De-
partment of Theoretical Physics, South-Ukrainian National
Pedagogical University, Odessa, Ukraine. In 1997, he was
an Invited Professor, Western Ontario University, Canada.
From 1999 to the present, he is a Professor-Researcher
in the Department of Materials Engineering, Ben-Gurion
University of the Negev, Israel. In 1996 and 2011 he was
co-Director of NATO Advanced research Workshops and an Editor of two NATO Series books.
He has about 200 publications, three monographs and three Invention Certificates in the field
of radiation effects in solid state electronics. His research interests include mechanisms of
formation of radiation defects in solids, interaction of fast particles with materials, radiation
methods in microelectronics, including computer simulation, analytical calculations and
experimental studies.

Dr. Oleksandr Kolgatin, Professor of Informatics, De-
partment of Information Systems, Simon Kuznets Kharkiv
National University of Economics, Kharkiv, Ukraine.

Oleksandr Kolgatin, born in 1966, received a Candidate
of Technical Sciences degree (Dr. phil.) from the Institute
for Low Temperature Physics and Engineering of the Na-
tional Academy of Sciences of Ukraine, in 1995, the field
of scientific interests was computational modeling of the
heat and mass transfer processes. Since 1990, he worked
in the field of teaching informatics and using information
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technologies in education and received a Doctor of Pedagogical Sciences degree (Dr. habil.)
from the Institute of Information technologies and Learning Tools of the National Academy of
Pedagogical Sciences of Ukraine, in 2011. His research interests include computational modeling,
pedagogical diagnostics, information systems and technologies in education. He has published a
number of papers in international journals and volumes in book series, is a member of editorial
boards of Journal of Information Technologies in Education and associate editor of Information
Technologies and Learning Tools.

WWW: http://www.is.hneu.edu.ua/?q=node/294
E-mail: kolgatin@ukr.net

Assoc. Prof. Yaroslav Krainyk, Head of Computer En-
gineering Department, Petro Mohyla Black Sea National
University, Mykolaiv, Ukraine.

Yaroslav Krainyk, born in 1990, received a Ph.D. degree
in Computer Systems and Components from Petro Mohyla
Black Sea State University, Ukraine, in 2016. His research
interests include computer systems and their applications,
embedded systems, reconfigurable computing, FPGA. Since
2016, he has been a member of Computer Engineering De-
partment as a senior lecturer, doctoral student, and associate
professor. In 2019, he became a head of Computer Engineer-
ing Department. He has participated in the reviewing of
papers published by Elsevier, IEEE, and Springer. He is a
section editor in Computer Science & Engineering Journal
(https://cse-journal.com/index.php/journal).

WWW: https://www.scopus.com/authid/detail.
uri?authorId=56925498100, https://orcid.org/
0000-0002-7924-3878, https://scholar.google.com/citations?
user=-GCy09MAAAAJ

E-mail: yaroslav.krainyk@chmnu.edu.ua

Dr. Hennadiy Kravtsov, Kherson State University,
Ukraine.

WWW: http://www.kspu.edu/About/Faculty/
FPhysMathemInformatics/ChairInformatics/Staff/
Kravtsov.aspx

E-mail: kgmkherson@gmail.com

Dr. Volodymyr Kukharenko, Professor of Technical
Cryophisics Department, National Technical University
“Kharkiv Polytechnic Institute”, Kharkiv, Ukraine.

Volodymyr Kukharenko, born in 1947, received a Can-
didate of Technical Sciences degree from Physical Technic
Institute of Low Temperature National Academy of Sciences

x

http://www.is.hneu.edu.ua/?q=node/294
mailto:kolgatin@ukr.net
https://cse-journal.com/index.php/journal
https://www.scopus.com/authid/detail.uri?authorId=56925498100
https://www.scopus.com/authid/detail.uri?authorId=56925498100
https://orcid.org/0000-0002-7924-3878
https://orcid.org/0000-0002-7924-3878
https://scholar.google.com/citations?user=-GCy09MAAAAJ
https://scholar.google.com/citations?user=-GCy09MAAAAJ
mailto:yaroslav.krainyk@chmnu.edu.ua
http://www.kspu.edu/About/Faculty/FPhysMathemInformatics/ChairInformatics/Staff/Kravtsov.aspx
http://www.kspu.edu/About/Faculty/FPhysMathemInformatics/ChairInformatics/Staff/Kravtsov.aspx
http://www.kspu.edu/About/Faculty/FPhysMathemInformatics/ChairInformatics/Staff/Kravtsov.aspx
mailto:kgmkherson@gmail.com


of Ukraine. Since 1976, he has been working in the field of low temperature at the National Tech-
nical University “Kharkiv Polytechnic Institute”, where he is professor of Technical Cryophisics
Department and academician of International Academy of Refrigeration UD.

His research interests include distance learning. He has published a number of papers
in international journals and six books from creating distance courses, about tutor, blended
learning.

WWW: https://dl.khpi.edu.ua
E-mail: kukharenkovn@gmail.com

Dr. Andrey Kupin, Professor, Head of the Department
of Computer Systems and Networks, Kryvyi Rih National
University, Kryvyi Rih, Ukraine.

Andrey Kupin was born in Slovianoserbsk, Luhansk re-
gion, Ukraine, in 1972. He received the engineering degree
in robotic systems and complexes from East-Ukrainian State
University, in 1994 and the Ph.D. degree in automation from
Kryvyi Rih Technical University, in 2001. From 2006 to 2007,
he worked as an Associated Professor of the Department of
Informatics, Automation and Control Systems. In 2010 he
became a doctor of science in automation, professor (2013).
Dean of the Faculty of Information Technology (2011-2015).
From 2007 he is the Head of the Department of Computer
Systems and Networks. He is the author more than 190
articles and 8 patents. Professor Kupin as a scientific ad-
viser has prepared 4 PhD and 1 DrSc. His research interests
include artificial intelligence, information and integrated automation of technological processes.

WWW: http://fit.knu.edu.ua/page/kafedra-komp-yuternykh-sistem-i-setey
E-mail: kupin@gmail.com

Oksana Lytvyn, Head of the Chair of Computer Sci-
ence and Mathematics, Faculty of Information Technology
and Management, Borys Grinchenko Kyiv University, Kyiv,
Ukraine.

Oksana Lytvyn, born in 1970, received a Candidate of
Sciences in Physics and Mathematics (PhD) from the V.Ye.
Lashkaryov Institute of Semiconductor Physics, NAS of
Ukraine, in 2001. Research interests: mathematical methods
and information-analytical technologies, solid state physics.

WWW: http://eportfolio.kubg.edu.ua/teacher/301
E-mail: o.lytvyn@kubg.kiev.ua

Liliia Midak, Candidate of chemical sciences, Associate Professor at the Department of
Environmental Chemistry and Chemical Education, Vasyl Stefanyk Precarpathian National
University, Ivano-Frankivsk, Ukraine.
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Liliia Midak graduated from the Vasyl Stefanyk Pre-
carpathian University in 2002 (speciality Chemistry). In
2006 presented the candidate dissertation on subject “Physic-
chemical and antifriction properties of composites on ther-
mal stability polymers in interaction with titanium alloys”.
She is a corresponding member of the Technical sciences
Academy of Ukraine, the chairman of the public organi-
zation “STUDY INNOVATION WORKSPACE LICO”. Her
research interests include technology and characteristics
of antifriction composite polymeric materials; mathemat-
ical methods of planning and experiment analysis; safety of
food (products); toxicology of synthetic washing chemicals;
modern educational learning technologies; digital learning
tools; augmented and virtual reality in education.

WWW: https://chemeducation.pnu.edu.ua/5319-2/
E-mail: lilia.midak@gmail.com

Ph. D. IrynaMintii, associate professor of Computer Sci-
ence, Department of Computer Science and Applied Math-
ematics, vice dean of Faculty of Physics and Mathemat-
ics, Kryvyi Rih State Pedagogical University, Kryvyi Rih,
Ukraine.

Iryna Mintii received a Candidate of Pedagogical Sciences
degree (Ph. D.) from the National Pedagogical Dragomanov
University, Kyiv, Ukraine, in 2013. Her research interests
include ICT in education. She has published a number of
papers in international journals.

WWW: https://kdpu.edu.ua/personal/ismintii.html
E-mail: irina.mintiy@kdpu.edu.ua

Dr. Natalia Moiseienko, Associated professor of Com-
puter Science and Applied Mathematics Department, Kryvyi
Rih State Pedagogical University, Kryvyi Rih, Ukraine.

Natalia Moiseienko, born in 1973, received a Candidate
of Philosophical Sciences degree (Dr. phil.) from the Odessa
National Polytechnic University, Ukraine, in 2004. Since
1995, she has been working in the field of programming
and computer modelling at the Kryvyi Rih State Pedagog-
ical University, where she is currently associated professor.
Her research interests include computer graphics, computer
game programming and educational technologies. She has
published a number of papers in international journals, is a
Member of the Program Committee of many international
conferences.
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WWW: https://kdpu.edu.ua/personal/nvmoiseienko.html
E-mail: n.v.moiseenko@gmail.com

Dr. Nataliia Morze, Corresponding Member of National
Academy of Pedagogical Sciences of Ukraine, Professor of
Borys Grinchenko Kyiv University Department of Com-
puter Science and Mathematics, Borys Grinchenko Kyiv
University, Kyiv, Ukraine.

Nataliia Morze, received a Candidate of Pedagogical Sci-
ences degree (Dr. phil.) from the Dragomanov National
Pedagogical University (Kiev) in 1987, and a Doctor of Peda-
gogical Sciences degree (Dr. habil.) in 2004. Her professional
and scientific interests are in the areas of distance learning technologies, education for adults,
implementation of information and communication technologies into education process of
secondary and higher educational institutions, creation of teaching and scientific e-learning
environment and development of teachers information competence. She is the author of more
than 400 scientific papers in the field of computer science, informatics in a primary and sec-
ondary schools, learning methodology, ICT in education, multimedia, teacher training in the
area of ICT and e-learning. She is researcher and coordinator of Ukraine and international
scientific and educational projects.

WWW: http://wiki.kubg.edu.ua/%D0%9C%D0%BE%D1%80%D0%B7%D0%B5_%D0%9D%D0%
B0%D1%82%D0%B0%D0%BB%D1%96%D1%8F_%D0%92%D1%96%D0%BA%D1%82%D0%BE%
D1%80%D1%96%D0%B2%D0%BD%D0%B0

E-mail: n.morze@kubg.edu.ua

Pavlo Nechypurenko, Associate Professor of Depart-
ment of Chemistry and Methods of its Teaching, Kryvyi Rih
State Pedagogical University, Kryvyi Rih, Ukraine.

Pavlo Nechypurenko, born in 1981, received a Magister of
Teaching of Chemistry from Kryvyi Rih State Pedagogical
University, Ukraine, in 2004, and a Candidate of Pedagog-
ical Sciences degree (Dr. phil.) from the Luhansk Taras
Shevchenko National University, Ukraine, in 2017. Since
2004, he has been working in the field of analytical chem-
istry and method of solving chemical problems at the Kryvyi
Rih State Pedagogical University. His research interests
include using of ICT on Chemistry education, Analytical
Chemistry, Technique of chemical experiment. He has pub-
lished a number of papers in Ukrainian and international
journals and developed a series of virtual laboratory work
to teaching chemistry.

WWW: https://kdpu.edu.ua/personal/pnpavlo.html
E-mail: acinonyxleo@gmail.com, acinonyxleo@kdpu.edu.ua
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Yulia Nosenko, Leading Researcher, Department of
Cloud-Oriented Systems of Education Informatization, Insti-
tute for Digitalisation of Education of the National Academy
of Educational Sciences of Ukraine, Kyiv, Ukraine.

Yuliia Nosenko, born in 1984, received a Candidate of
Pedagogical Sciences degree (Ph.D.) in 2011. In 2010-2015
worked at Taras Shevchenko National University of Kiev
(part time). Since 2010 has been working at the Institute
for Digitalisation of Education of the National Academy
of Educational Sciences of Ukraine, where she is currently
leading researcher. Her research interests relates to imple-
mentation and use of cloud services in education, formation
and development of educators’ digital competence, use of
ICT as a tool for supporting inclusive learning. She has
published over 80 scientific papers, including articles in international journals, is a member of
editorial board of peer-reviewed e-journal “Information Technologies and Learning Tools”.

WWW: http://iitlt.gov.ua/structure/departments/cloud/detail.php?ID=48
E-mail: nosenko-y@ukr.net

Vasyl Oleksiuk, PhD (pedagogical sciences), associate
professor of the Department of Computer Science and Teach-
ing Techniques, Ternopil Volodymyr Hnatiuk National Ped-
agogical University, Ternopil, Ukraine.

Vasyl Oleksiuk, born in 1980, received a Candidate of
Pedagogical Sciences degree (Dr. phil.) from the National
Pedagogical University, Kyiv, Ukraine, in 2007. Since 2003,
he has been working Department of Computer Science and
Teaching Techniques at Ternopil Volodymyr Hnatiuk Na-
tional Pedagogical University, where he is currently asso-
ciate professor. His research interests include computer
networks, cloud computing, e-learning, electronic libraries.
He has published a number of papers in Ukrainian and
international journals, is a member of editorial boards of
the journals Information Technologies and Learning Tools
(Institute for Digitalisation of Education of the National Academy of Educational Sciences
of Ukraine) and The Scientific Issues of Ternopil Volodymyr Hnatiuk National Pedagogical
University (Series: pedagogy).

WWW: http://tnpu.edu.ua/faculty/fizmat/oleksyuk-vasil-petrovich.php
E-mail: oleksyuk@fizmat.tnpu.edu.ua

DSc Kateryna Osadcha, Professor, Department of Computer Science and Cybernetics,
Bogdan Khmelnitsky Melitopol state pedagogical university, Melitopol, Ukraine.
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Kateryna Osadcha, born in 1977, received a Candidate of
Pedagogical Sciences (PhD in Education) from the Vinnytsia
State Pedagogical University named after Mykhailo Kotsi-
ubynsky, Ukraine, in 2010, and a Doctor of Pedagogical Sci-
ences (Dr. Sc) from Classic Private University, in 2020. Since
2011, she has been working as an Associate professor of the
Department of Computer Science and Cybernetics at the
Bogdan Khmelnitsky Melitopol state pedagogical university.
Her research interests include: computer science, network
technology, programming, ICT, e-learning, engineering ed-
ucation, educational technology, tutoring. She is author
of about a hundred scientific works, including textbooks,
monographs, author’s certificates. She is a member of editorial boards of “Ukrainian Journal
of Educational Studies and Information Technology” (Ukraine), “International Conference on
Higher Education Advances” (Spain), “Transactions of Kremenchuk Mykhailo Ostrohradskyi Na-
tional University” (Ukraine), “Professional Education: Methodology, Theory and Technologies”
(Ukraine).

WWW: http://osadcha.mdpu.org.ua
E-mail: okp@mdpu.org.ua

Dr. Viacheslav Osadchyi, Professor of Department of
Computer Science and Cybernetics, Bogdan Khmelnitsky
Melitopol state pedagogical university, Melitopol, Ukraine.

Viacheslav Osadchyi, born in 1975, received a Candidate
of Pedagogical Sciences (PhD in Education) from the Vin-
nytsia State Pedagogical University named after Mykhailo
Kotsiubynsky, Ukraine, in 2006, and a Doctor of Pedagog-
ical Sciences from the Vinnytsia State Pedagogical Univer-
sity named after Mykhailo Kotsiubynsky, Ukraine, in 2013.
Since 1999, he has been working in the field of informa-
tion technology and vocational education at the Bogdan
Khmelnitsky Melitopol state pedagogical university. Now –
Head of the Department of Computer Science. His research
interests include: computer science, information networks,
ICT, programming, software development, information sys-
tems, data science. He has published a number of papers in international journals. He is a
member of editorial boards of “Ukrainian Journal of Educational Studies and Information Tech-
nology” (Ukraine), “Computing Conference” (formerly called “Science and Information (SAI)
Conference”) (UK), Intelligent Systems Conference (IntelliSys) (The Netherlands), “International
Conference on Higher Education Advances” (Spain), “Transactions of Kremenchuk Mykhailo
Ostrohradskyi National University” (Ukraine), “Information Technologies and Learning Tools”
(Ukraine), “Scientific papers of Berdyansk State Pedagogical University Series: Pedagogical
sciences” (Ukraine).

WWW: http://osadchyi.mdpu.org.ua
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E-mail: poliform55@gmail.com

Dr. Liubov Panchenko, Professor at the Department of
Sociology, National Technical University of Ukraine “Igor
Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine.

Liubov Panchenko was awarded a Candidate of Pedagogi-
cal Sciences degree (Dr. phil.) from H. S. Skovoroda Kharkiv
National Pedagogical University, Kharkiv, Ukraine, in 1995,
and a Doctor of Pedagogical Sciences degree (Dr. habil.)
from the Luhansk Taras Shevchenko National University,
in 2012. Since 1993, she has been working in the field of
information and communication technology in education.
Since 2016 she has been a Professor at the Department of
Sociology, National Technical University of Ukraine “Igor
Sikorsky Kyiv Polytechnic Institute”. Her research interests
include information and communication technology in edu-
cation, university’s educational environment, MOOCs, data
analysis and multivariate methods in scientific research,
digital storytelling, adult education. She has published a number of papers and text books
(“Computer data analysis”, “Data analysis practicum”, “Mathematical and statistical methods of
sociological information’s analysis”) and is an editorial board member of the Ukrainian journals
“Information Technologies and Learning Tools” (associated editor), “e-Environment of Modern
University”, and “Humanization of the educational process”.

WWW: http://www.sociology.kpi.ua/en/faculty-2
E-mail: lubov.felixovna@gmail.com

Dr. Stamatios Papadakis has been a postdoctoral re-
searcher in Educational Technology, with emphasis on mo-
bile learning, at the Department of Preschool Education at
the University of Crete, Greece, since 2016. He has gradu-
ated from the Department of Informatics, Athens Univer-
sity of Economics and Business, Athens, Greece. In 2016,
he completed a Ph.D. at the University of Crete, Depart-
ment of Education in Rethymnon, Greece. He has worked
as an adjunct Lecturer in Education teaching Didactics in
Programming (2017–2018) at the Department of Computer
Sciences, School of Sciences and Engineering at the Univer-
sity of Crete, Greece. Since 2017 he has worked as an adjunct Lecturer in Education teaching
Informatics (2017–2018) at the Department of Preschool Education, School of Education, Univer-
sity of Crete, Greece. His scientific and research interests include the study of mobile learning,
especially on the use of smart mobile devices and their accompanying mobile applications
(apps) in Preschool and Primary Education, focusing on the development of Computational
Thinking and students’ understanding of numbers. Furthermore, he currently investigates
how a STEM learning approach influences learning achievement through a context-aware
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mobile learning environment in the preschool classroom and explain the effects on preschoolers’
learning outcomes.

WWW: https://www.researchgate.net/profile/Stamatios_Papadakis, https://independent.
academia.edu/PapadakisStamatis, https://scholar.google.gr/citations?user=e3vLZegAAAAJ&hl=
en, https://orcid.org/0000-0003-3184-1147, https://www.scopus.com/authid/detail.uri?authorId=
57038471800, http://moeads.edc.uoc.gr/

E-mail: stpapadakis@uoc.gr

Olga Pinchuk, PhD (in Pedagogics), Senior Researcher
in the field of information and communication technologies
in education. Education: M.P. Drahomanov Kyiv State Ped-
agogical Institute in specialties of Mathematics, Computer
Science and Computer Engineering teacher.

Olga Pinchuk, born in 1969, received the degree of Can-
didate of Pedagogical Sciences (PhD) at the National Ped-
agogical Dragomanov University, Ukraine, in 2011. Since
2005 she has been working in the Institute for Digitalisa-
tion of Education of the National Academy of Educational
Sciences of Ukraine, Deputy Director for Scientific Exper-
imental Work, Leading Researcher. Her research interests
include scientific and methodological foundations use of
computer oriented tools in teaching natural and mathemat-
ical subjects, organization of the educational environment of distance learning, formation of
digital competencies of participants in the learning process, design and technological support
of web platforms of online encyclopedias. She has published a number of papers in interna-
tional journals and chapters in collective monographs. Holds the post of co-editors-in-chief
of “Information Technologies and Learning Tools”, a peer-reviewed e-journal in educational
sphere.

WWW: http://iitlt.gov.ua/
E-mail: opinchuk@iitlt.gov.ua

Dr. Oleg Pursky, Professor of Computer Science and
Information Systems, Chief of Department of Computer
Science and Information Systems, Kyiv National University
of Trade and Economics, Kyiv, Ukraine.

Oleg Pursky, born in 1967, received a Candidate of Sci-
ences in Physics and Mathematics degree (Dr. phil.) from
the Institute for Low Temperature Physics and Engineering
of the National Academy of Sciences of Ukraine, in 2001,
and a Doctor of Sciences in Physics and Mathematics degree
(Dr. habil.) from the Taras Shevchenko National University
of Kyiv, Ukraine, in 2010. His research interests include
informational systems development, computer simulation
and modeling of socio-economic systems. He has published
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a number of papers in international journals, monographs
and volumes in book series, is a member of editorial board of International Journal of Economic
Theory and Application, reviewer of scientific journals International Journal of Modern Physics
(B) and Heat Transfer and certified Data Science&Machine Learning specialist. He is a member
of Scientific Council section of Ukrainian Ministry of Education and Science on the specialty
“Informatics and Cybernetics”. Currently, he is working as a Head of Department of Computer
Science and Information Systems, Kyiv National University of Trade and Economics.

WWW: https://knute.edu.ua/blog/read/?pid=12695&uk, https://knute.edu.ua/file/MTcyNjQ=
/98717622ed46f90a934d4e922d214fbc.pdf

E-mail: Pursky_O@ukr.net

Dr. Serhiy Semerikov, Professor of Computer Science
and Educational technology, Kryvyi Rih State Pedagogical
University, Ukraine.

Serhiy Semerikov is professor of Department of Com-
puter Science and Applied Mathematics at Kryvyi Rih State
Pedagogical University. He got both PhD and DSc in edu-
cation (informatics) from the National Pedagogical Drago-
manov University in 2001 and 2009, respectively. The main
directions of Dr. Semerikov’ research is methods of learning
and educational technology.

WWW: https://kdpu.edu.ua/semerikov/
E-mail: semerikov@gmail.com

Dr. Yevhenii Shapovalov, Senior researcher in Junior
Academy of Sciences of Ukraine, Kyiv.

Yevehenii Shapovalov, born in 1992, received a Candidate
of Technical Sciences degree (Dr. techn.) from the National
University of Life and Environmental Sciences of Ukraine,
in 2019. Since 2012, he has been working in the field of
STEM education, using of IT in education, development
of informational technologies, environmental engineering
(anaerobic waste treatment), Sustainable development and
European integration. He has published a number of papers in international journals and
volumes in book series, is a member of editorial boards of Journal “Scientific letters of Junior
Academy of Sciences” and reviewer in conferences of Academy of Cognitive and Natural
Sciences.

WWW: http://www.nas.gov.ua/UA/PersonalSite/Pages/
default.aspx?PersonID=0000026333

E-mail: sjb@man.gov.ua

Dr. Andrii Striuk, Ph.D., Head of Simulation and Soft-
ware Engineering department of Kryvyi Rih National Uni-
versity, Kryvyi Rih, Ukraine.
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Andrii Striuk, born in 1979. In 2000 he graduated from the Kryvyi Rih Technical University
with a degree in Automated Systems Software. In 2001, he received a master’s degree in
computer science. Has been working at the Department of Modeling and Software of Kryvyi Rih
National University since 2000. Combines educational activities with practical, developing and
implementing educational software products. In 2011 he defended his Ph.D. thesis. From 2014
to 2017 he is studying at the doctoral program in Institute for Digitalisation of Education of the
National Academy of Educational Sciences of Ukraine (Kyiv, Ukraine). In 2017, he was awarded
the Prize of the President of Ukraine for young scientists. Heads the Simulation and Software
Engineering department of Kryvyi Rih National University since 2018. Field of scientific interest:
professional training of software engineers, mobile learning technologies, the use of augmented
reality technologies in education.

WWW: http://mpz.knu.edu.ua/pro-kafedru/vikladachi/224-andrii-striuk
E-mail: andrii.striuk@knu.edu.ua

Dr. Yurii Tryus, Professor of Applied Mathematics, Department of Computer Science and
System Analysis, Cherkasy State Technological University, Cherkasy, Ukraine.

Yurii Tryus, born in 1957, received a Candidate of Candi-
date Physics and Mathematics Sciences degree (PhD) from
the Shevchenko Kyiv State University, in 1987, and a Doctor
of Pedagogical Sciences degree (Dr. habil.) from the Na-
tional Pedagogical Dragomanov University, in 2005. Since
2012, he is head of the Department of Computer Science
and System Analysis, Cherkasy State Technological Univer-
sity. His research interests include Theory and Methods of
Optimization and Operations Research, Decision Theory,
Information and Communication Technologies in Higher
Education, Theory and methods of teaching mathematics
and computer science. He has published near 230 of papers
in Ukrainian and international journals, 10 monographs
and manuals, is a member of editorial boards of E-journal
“Information Technologies and Learning Tools”, Journal “In-
formation Technologies in Education”, Scientific journal of
the National Pedagogical Dragomanov University. Series 2.
Computer-based learning systems.

WWW: https://knsa.chdtu.edu.ua/
tryus-yurii-vasylovych

E-mail: tryus@chdtu.edu.ua

Dr. Tetiana Vakaliuk, professor, professor of the depart-
ment of Software Engineering, Zhytomyr Polytechnic State
University, Zhytomyr, Ukraine.

Tetiana Vakaliuk, born in 1983, received a Candidate of
Pedagogical Sciences degree from the National Pedagogical
Dragomanov University, Ukraine, in 2013, and a Doctor of
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Pedagogical Sciences degree from the Institute for Digitalisation of Education of the National
Academy of Educational Sciences of Ukraine, in 2019. Since 2019, she has been working in the
field of information technologies at the Zhytomyr Polytechnic State University. Her research
interests include information technologies, ICT in Education, Cloud technologies. She has
published a number of papers in international journals, is a member of editorial boards of
Information Technologies and Learning Tools, Zhytomyr Ivan Franko State University Journal:
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2. Articles overview

2.1. Session 1: Digital Transformation of Education

Digital technology permeates all aspects of life. During the pandemic, all countries in the
world began to use distance learning methods through the use of digital platforms, classes, labs.
Digitalization avoided the collapse of the educational system. The aim of the article “Problematic
issues of digitalization of education in Eastern Europe” [5] by Anastasiia O. Simakhova (figure 2),
Artem E. Artyukhov, Halina A. Shmarlouskaya is to analyze the processes of digitization of
education in Eastern Europe. To achieve the goal of the article, the following tasks were set:
to study the theoretical basis of the digitization of education, to analyze the trends in the
digitization of education in Eastern Europe, to develop recommendations for improving the
digitization of education. The article analyzed the ranks of the Network Readiness Index and
the Global Digital Readiness Index in terms of the technological readiness of higher education
institutions and students for distance education. The article offers a case study of the Ukrainian
university for the implementation of an e-learning environment. The authors grouped countries
from Eastern Europe according to their potential for digitizing education. For these groups
of countries, the authors identified specific criteria. SWOT an analysis of the digitization of
education was conducted for the countries of Eastern Europe.

In the article “The use of digital tools by secondary school teachers for the implementation of
distance learning in the context of digital transformation in Ukraine” [6], Oksana V. Ovcharuk,
Andrii M. Gurzhii, Iryna V. Ivaniuk, Liubov A. Kartashova, Olena O. Hrytsenchuk, Tetiana A.
Vakaliuk, Mariya P. Shyshkina (figure 3) raise the discussion on the use of digital learning tools
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Figure 2: Presentation of paper [5].

by teachers of Ukrainian secondary schools for the organization of distance learning. In order
to collect data authors have used the survey instruments (Google questionnaire) and involved
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1463 respondents who revealed the state of the use of digital learning tools for the organization
of distance learning in the quarantine period caused by COVID-19 pandemic. The study was
conducted in all regions of Ukraine. The results show that teachers have a need to master their
knowledge and practical skills on digital instruments for the organization of distance learning
with students. On the other hand the paper presents the experience on how the problem of
the mastering of teachers’ digital competencies can be organized and what are the steps to the
organization of special distance learning courses for teachers in Ukraine. The experience of the
creation of Web portal of Ukrainian Open University of Postgraduate Education is presented.
Authors propose on how the needs and requirements of teachers regarding the implementation
of the distance learning in schools and the development of their digital competencies should be
resolved.

This article highlights further research by the authors, begun in [7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22].

The problems of contemporary IT specialists’ training in terms of the high requirements
to their computational thinking skills as well as the urgency of raising their motivation to
mastering algorithmization and programming are discussed in the article “Computer modeling
of the tournament of game algorithms in the process of learning of basics of algorithmization
and programming by pre-service IT-specialists” [23]. It is emphasized by Liudmyla E. Gryzun
(figure 4), Oleksandr V. Shcherbakov and Svitlana H. Lytvynova that initial university courses
should focus pre-service IT-specialists on the deep understanding of an algorithmic nature of
any coding task, to realize basic characteristics of the algorithms, to understand their role in
modern software development. Due to the contemporary demands, programming should rest
on algorithms building and has to be a part of lager scale experiences in order to realize its full
potential. One of such experiences offered by the authors in the paper is involving the students
into specially arranged activity focused on efficient game algorithms creation and simulation
of the tournament between the algorithms. The offered activity is elaborated based on the
applying the gamification elements into the learning process. Basing on the core gamifiaction
principles, there were thought over and arranged an activity involving the students into the
creation of gamified products. In this case, the gamified product which the students had to
develop in the process of learning of algorithmization and programming was the software
platform which enables a computer simulation of the tournament between the different game
algorithms which realize winning strategies. The peculiarities and the stages of the said activity
are covered in details along with the description of the final software product. Analyzing the
described functionality of the computer simulator of the algorithms tournaments based on the
gamification ideas, authors can emphasize its significant didactic facilities in the context of its
using for IT-specialists training. In particular, the developed gamified product was probed in
the process of other students’ mastering algorithmization and programming as well as of the
schoolchildren training during summer IT schools. The prospects of the research are outlined
in the lines of using the obtained results for holding the empirical research for the verification
of offered activity impact on the results of IT-specialists training.

This article highlights further research by the authors, begun in [24, 25, 26, 27, 28, 29, 30, 31,
32, 33].

The aim of the article “ICT and current trends as a path to STEM education: implementation
and prospects” [34] by Natalia S. Lukychova (figure 5), Nataliia V. Osypova, Galina S. Yuzbasheva

xxiv



Figure 3: Presentation of paper [6].
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Figure 4: Presentation of paper [23].

is to build a model for the introduction of STEM education in institutions of general secondary
education, to demonstrate the experience of using ICT in STEM education. Analysis of scientific
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publications makes it possible to determine the role and place of ICT in the model of introduction
of STEM education in general secondary education institutions. The presented experience of the
systemic implementation of STEM education in general secondary education institutions allows
the formation of professional competencies of teachers in the field of STEM education and can
be useful in their professional activities. The study shows that the systemic implementation of
STEM technologies in the educational process increases the effectiveness of training, the level
of motivation of participants in the educational process and the quality of knowledge in the
subjects of the natural science cycle, and also contributes to the formation of key competencies
of students.

This article highlights further research by the authors, begun in [35, 36, 37].

Figure 5: Presentation of paper [34].

Synergetics as a scientific area of research is in demand by society. The context of syner-
getics makes it possible for scientists of different specializations to interact fruitfully in the
language of systematic understanding and search for new solutions. The article “Complex
systems and physics education” [38] by Andrii O. Bielinskyi (figure 6), Arnold E. Kiv, Yuliya O.
Prikhozha, Mykola A. Slusarenko, Vladimir N. Soloviev raises the question of how the theory
of self-organization can help in the reformation of the higher education system, why this is
relevant, and what can lead to the training of both teachers and students within the framework
of an interdisciplinary approach. In the future, authors will highlight the most important
characteristics of complex systems and the simplest and at the same time conceptually simplest
methods for analyzing complexity. As part of the complex systems modeling course, which will
first be presented to students of physics and mathematics, and then, possibly, to students of
other specialties, authors present signals of seismic activity, gravitational waves and magnetic
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activity, and demonstrate how authors can identify critical or crash phenomena in such systems.
This kind of analysis can serve as a good basis for the formation of professional skills and
universal competencies.

This article highlights further research by the authors, begun in [39, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49, 50, 51, 52, 53].

Figure 6: Presentation of paper [38].

The article “Agile methodology in higher education quality assurance system for SDGs 4, 8
and 9 achievement: national experience” [54] is focused on considering agile methodology as an
instrument to use in education quality assurance. Artem E. Artyukhov, Iurii Iu. Volk (figure 7)
and Tetiana A. Vasylieva propose the Scrum method applicable for education quality assurance
based on adapted Manifesto for Agile Education Quality Assurance and twelve principles behind
it. The Scrum procedure is described and roles are distributed for two real-life cases of external
and internal educational program quality evaluation. Authors illustrate that proposed Scrum
procedure perfectly fits existing practices and can be used to enhance both external and internal
quality assurance processes in higher education. Authors consider achievement of SDG 4 targets
through proposed methodology as the necessary step to take in achieving SDGs 8 and 9. It
is concluded that stakeholders feedback about their satisfaction by economic and innovative
factors should be included in each sprint review procedure in proposed Scrum methodology.
Authors discuss SDG 4 achieving within multilayered DIKW+DM hierarchy as a framework for
education quality assurance that allow to join information processing, knowledge acquisition
and corresponding decision-making algorithm.

Today in most countries there is a lack of qualifications in areas, which require specialists
with mathematical competencies, despite the high unemployment rate in many countries. At
the same time, it is generally recognized that most likely those sciences are developing, the
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Figure 7: Presentation of paper [54].

fundamental results of which can be formulated mathematically. Using mathematical methods,
Nataliia V. Morze, Iryna V. Mashkina (figure 8) and Mariia A. Boiko draw important conclusions
that could hardly be obtained otherwise. Digital transformation of all industries requires
specialists with a sufficient level of mathematical competence and skills in ICT tools, including
computer modeling using the approach called Inquiry-Based Mathematics Education (IBME).

This article highlights further research by the authors, begun in [55, 56, 57, 58, 59].
Modern society is characterized by a significant impact of information technologies on

all spheres of human life. In a special way, the processes of digital transformation affect
educational institutions, including vocational (vocational and technical) ones. Now vocational
(vocational and technical) education occupies an important place in the sector of the country’s
economy, prioritizing effective training of highly qualified labourers in the state policy of Ukraine.
Nowadays, the professional activity of labourers incorporates an intellectual component related
to working with electronic devices, artificial intelligence systems, etc. Monitoring of the labor
market shows that a skilled worker of the XXI century should be able to think critically, process
information analytically, and work with mechatronics systems. The analysis of the European
experience in training qualified workers reflects a certain lag of domestic institutions in terms
of digital supply. At the same time, the level of teachers’ digital competence at vocational
(vocational and technical) education institutions needs improving. As a result, the issues of
digital transformation for educational institutions are urgent and topical [61]. Provision of
modern digital equipment, formation and development of digital competence of all participants
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Figure 8: Presentation of paper [60].

in the educational space are becoming the main tasks of teaching stuff in the current conditions.
In a special way, the tasks set become relevant during the period of quarantine restrictions,
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when educational institutions mainly work on distance and mixed forms of teaching.
This article highlights further research by the authors, begun in [62, 63, 64, 65, 66, 67, 68, 69,

70, 71, 72, 73].

Figure 9: Presentation of paper [61].

2.2. Session 2: Competency-Based Education Platforms and Social Analytics in
Education

The article “Social dimension of higher education: definition, indicators, models” [74] by Liubov
F. Panchenko (figure 10), Hennadii O. Korzhov, Andrii O. Khomiak, Vladyslav Ye. Velychko
and Vladimir N. Soloviev deals with the problem of strengthening the social dimension of
higher education. It discusses the definition of social dimension, its indicators, models of
student retention and student engagement. The article argues that students should act as
active researchers of the topic of social dimension and present the ways to update the content
of university courses for Sociology majors, such as ”Mathematical and statistical methods of
social information analysis”, ”Social statistics and demography”, ”Multivariate data analysis”,
”Structural equation modeling” and other courses for bachelors, master students, and PhDs in
Sociology.

This article highlights further research by the authors, begun in [75, 76, 77, 78, 79, 80, 81, 82,
83, 84, 85, 86, 53, 87, 88, 89, 90].

One of the indicators of the influence and competitiveness of university is participation
in international and local rankings. In the methodologies of the most authoritative rankings,
the quality and transparency of Universities is assessed by indicators of the university teach-
ers’ publishing activity. The article “Designing a rating system based on competencies for
the analysis of the University teachers’ research activities” [91] by Nataliia V. Morze, Oksana
P. Buinytska, Valeriia A. Smirnova (figure 11) analyzes the experience of designing systems
that analyses university teachers research activities, tools and components of evaluating the
effectiveness of research, designed a structural and functional model of rating system for the
analysis the university teachers’ research activities taking into account research and digital
competencies. The developed model provides performance of the basic functions and allows
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Figure 10: Presentation of paper [74].

for systematic monitoring of openness, transparency, efficiency of the research component of
university teachers’ professional activity. The model was based on key indicators for evaluating
the effectiveness of research – citation indicators of the three most important scientometric
databases – Scopus, Web of Science, Google Scholar. The connection between the indicators
presented in the model forms a portrait of the university teachers’ scientific activity, gives an
overall assessment of productivity, influence and contribution to the research direction of the
university as a whole. The article describes 1 stage of implementation of the presented model
by developing a “Rating of Transparency of Structural Units”, the effectiveness of experimental
ranking. The study has established the positive impact of the implementation of the rating sys-
tem, identified the main activities to increase the visibility, presence, dissemination of research
results, the systematic implementation of which contributes to the optimal representation of
the scientist in the rating evaluation of the research component of the university teachers
professional activities, improving the digital competence of teachers and positively affects the
quality indicators of the university scientific work in local and international rankings, as the
existence of the system and the formation of ratings is an incentive for university teachers to
present and disseminate their own publishing activities in the international online scientific
community.

This article highlights further research by the authors, begun in [92, 93, 94, 95].

2.3. Session 3: Cloud-based AI Education Applications

In the process of self-assessment and accreditation examination, assessment is carried out
according to a scale that covers four levels of compliance with the quality criteria of the
educational program and educational activities. Assessing the quality of education is complicated
by the fact that the value of quality criteria is due to a large number of factors, possibly
with an unknown nature of influence, as well as the fact that when conducting pedagogical
measurements it is necessary to work with non-numerical information. To solve these problems,
the Andriy V. Ryabko (figure 12), Oksana V. Zaika, Roman P. Kukharchuk, Tetiana A. Vakaliuk
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Figure 11: Presentation of paper [91].

and Viacheslav V. Osadchyi proposed a method for assessing the quality of educational programs
and educational activities based on the adaptive neuro-fuzzy input system (ANFIS), implemented
in the package Fuzzy Logic Toolbox system MATLAB and artificial neural network direct
propagation with one output and multiple inputs. As input variables of the system ANFIS used
criteria for evaluating the educational program. The initial variable of the system formed a
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total indicator of the quality of the curriculum and educational activities according to a certain
criterion or group of criteria. The article considers a neural network that can provide a forecast
for assessing the quality of educational programs and educational activities by experts. The
training of the artificial neural network was carried out based on survey data of students and
graduates of higher education institutions. Before the accreditation examination, students were
offered questionnaires with a proposal to assess the quality of the educational program and
educational activities of the specialty on an assessment scale covering four levels. Student
assessments were used to form the vector of artificial neural network inputs. It was assumed
that if the assessments of students and graduates are sorted by increasing the rating based on
determining the average grade point average, the artificial neural network, which was taught
based on this organized data set, can provide effective forecasts of accreditation examinations.
As a result of comparing the initial data of the neural network with the estimates of experts, it
was found that the neural network does make predictions quite close to reality.

This article highlights further research by the authors, begun in [96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 106].

Figure 12: Presentation of paper [107].

Changes in society related to the development of science, technology, computing power,
cloud services, artificial intelligence, increasing general access to huge amounts of open data,
lead to increased global investment in technology and services. Appropriate training is required
by specialists to create a workforce to work with artificial intelligence. On the one hand, it puts
forward new requirements for the training of young people, and educational content, on the other
hand, provides opportunities for the use of cloud technologies during the educational process.
Widespread use of AI in various fields and everyday life poses the task of understanding the
basic terms related to Artificial intelligence (AI), such as Machine learning (ML), Neural network
(NN), Artificial neural networks (ANN), Deep Learning, Data Science, Big Data, mastering the
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basic skills of using and understanding the AI principles, which is possible during the study in
the school course of computer science. Cloud technologies allow to use the power of a remote
server (open information systems, digital resources, software, etc.) regardless of the location
of the consumer and provide ample opportunities for the study of artificial intelligence. In
article “Cloud technologies for basics of artificial intelligence study in school” [108] Nataliia
V. Valko, Tatiana L. Goncharenko, Nataliya O. Kushnir (figure 13) and Viacheslav V. Osadchyi
reveal the possibilities of cloud technologies as a means of studying artificial intelligence at
school, consider the need for three stages of training and provide development of tasks and
own experience of using cloud technologies to study artificial intelligence on the example of
DALL-E, Google QuickDraw, cloud technologies Makeblock, PictoBlox, Teachable Machine at
different stages of AI study.

This article highlights further research by the authors, begun in [109, 110, 111, 112, 113, 114,
115, 116, 117, 118, 119, 120, 121, 122].

2.4. Session 4: Cloud-based Learning Environments

The article “UI/UX design of educational on-line courses” [123] by Kateryna V. Vlasenko,
Iryna V. Lovianova, Sergii V. Volkov (figure 14), Iryna V. Sitak, Olena O. Chumak, Andrii
V. Krasnoshchok, Nataliia G. Bohdanova and Serhiy O. Semerikov considers the problem of
an interface for educational platform, which is fully effective for achieving the outcomes of
educational activity. The current research is a theoretical analysis of existing recommendations
on UI/UX design, applied when creating educational systems, as well as of research papers
that study user interface (UI) usability and evaluate user experience (UX) in designing on-line
platforms. This article describes a mechanism for evaluating usability with the help of baseline
and final evaluation tool. It also studies UX components, that ensure its high quality. A list of
standard components of web-design is being discussed in the present paper; modern trends in
web-design of educational platforms are identified. The paper provides the description of an
on-line course model, which is built on the basis of analysis of the prerequisites for existing
and functioning of educational on-line systems and which is aimed at achieving outcomes of
educational activity. There is ground to believe that the design of educational on-line courses
will contribute to achieving the outcomes of educational activity, if user interface components
comply with a list of criteria, such as easy-to-perceive content, no extra information, easy and
simple navigation on the pages of the course, following the principles of usability.

This article highlights further research by the authors, begun in [124, 125, 19, 126, 127, 128,
129, 130, 131, 132, 133, 134].

The world wide pandemic situation revealed the problems in all spheres of human life which
haven’t been faced before. Recently the world has changed greatly as well as the relationship
between people and their professional activity. The great bunch of the workload, if basically
acceptable, is done with the use of modern innovative technologies. Such problems have not
trampled down the sphere of higher education as well. Distance learning, which was previously
addressed to only as accompanying possibility of lessons conduct, nowadays is considered to be
the only practicable form of conducting lectures, practical lessons, tests, i.e. it has become a
usual daily practice for both teachers and students. Among the basic functional requirements to
the electronic educational resources in the system of distance learning there are the visualization
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Figure 13: Presentation of paper [108].

and interaction principles both when getting familiar with the theoretical material and when
completing virtual laboratory and practical tasks. The Microsoft Office documents have become
the most widespread elements among the electronic educational resources. That is why there is
a pressing need in presenting the electronic MS Excel spreadsheets on the resource web-pages.
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Figure 14: Presentation of paper [123].

The simple and convenient way to solve the problem of Excel documents introduction into the
electronic resources of the distance learning systems is the use of cloud services. The services
help to acquire the access to the information resources of any level and of any capacity with
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the possibility to allocate the rights of the users belonging to different groups in relation to the
resources. For that purpose the availability of the Internet network access and web-browser
would be enough. The cloud calculation technologies introduction allows for the use of the
programs that do not require special licensing, update versions monitoring and eliminates the
need of software technical support as the provider himself exercises control over the functioning,
data saving, antivirus protection and possible cyberassaults. The peculiarities of professional
training of navigators require the students to acquire the knowledge of professionally-oriented
tasks algorithms as well as the knowledge of technologies that can help to implements them.
One of the main routines the officer needs to deal with on the navigational bridge is the use of the
information systems of shipboard hardware. But before usage he needs to assure of the systems
reliability. That is why it is extremely important to gain during the course of professional
training the necessary skills of navigation equipment exploitation reliability assessment by
means of Microsoft Office documents and cloud services. So the subject matter of the article
“The optimum assessment of the information systems of shipboard hardware reliability in cloud
services” [135] by Lyudmyla V. Kravtsova, Tatyana V. Zaytseva, Oleh M. Bezbakh (figure 15),
Hennadiy M. Kravtsov and Nataliia H. Kaminska is the procedure development for the navigation
equipment exploitation reliability assessment by means of modern services use in the course of
professional training of future seafarers. The aim of the paper is the solution of the problems of
optimum assessment of the information systems of shipboard hardware reliability by means
of cloud technologies usage. The following tasks are completed in the course of the research:
the peculiarities and characteristics of navigational information processed by the shipboard
navigation and information system have been analyzed; the results of the information systems of
shipboard hardware usage have been studied; the technological diagram of the basic components
structuring of the “Information systems of shipboard hardware” complex for the Master’s degree
training course has been created; the effective technology of the program Excel documents
processing has been chosen; the system of access and usage of web-services for calculation tables
processing in the system of distance learning has been designed;the process of competency
formation which will enable students to use cloud services has been suggested.

This article highlights further research by the authors, begun in [136, 137, 138, 139, 140, 141,
142, 143, 144].

2.5. Session 5: Cloud-based E-learning Platforms, Tools and Services

The article “Selecting cloud computing software for a virtual online laboratory supporting
the Operating Systems course” [145] by Olena S. Holovnia and Vasyl P. Oleksiuk (figure 16)
provides a survey on cloud platforms suitable for a virtual online laboratory, which contains
Linux online environments and is intended to support the Operating Systems course. The
study justifies the choice of utilizing private cloud as a deployment model and IaaS as a service
model and substantiates the decision to create specially tailored cloud environments adapted
for educational needs in contrast to applying ready-made IaaS (Infrastructure as a Service)
cloud services given by providers. The related works on cloud platforms for teaching operating
systems are analyzed. The study also makes a review of the authors’ previous research on
virtualization tools and environments for the Operating Systems course and Cisco CyberSecurity
Operations course. The basic and additional requirements for cloud computing software for
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Figure 15: Presentation of paper [135].

virtual online laboratory supporting Operating Systems course have been elaborated. Finally,
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the work makes the comparison of Eucalyptus, OpenStack, CloudStack and OpenNebula cloud
platforms and substantiates the selection among these cloud computing software the platforms
of the first and the second choice.

This article highlights further research by the authors, begun in [146, 147, 148, 149, 150, 151].

Figure 16: Presentation of paper [145].

The article “Hardware and software tools for teaching the basics of quantum informatics
to students of specialized (high) schools” [152] by Liudmyla V. Lehka (figure 17), Svitlana V.
Shokaliuk, Viacheslav V. Osadchyi defines the criteria for choosing a cloud-based platform
for mastering the basics of quantum informatics by students of a specialized (high) schools:
cross-browser; intuitive interface; the possibility of free access; access without registration
and simplified registration; the presence of a systematized reference system with examples;
support for the development of the environment by the developer; support for working in a
personal educational environment; support for working with quantum algorithms in graphical
mode; automatic conversion of quantum algorithms from graphic format to program code
text; support for the Ukrainian-language localization; availability of a mobile application;
responsive design. The possibilities of platforms for implementing quantum algorithms from
the following companies are analyzed: Microsoft, QuTech, Amazon Braket, IBM. The choice
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of the IBM Quantum cloud-based platform is justified. Work at IBM Quantum Composer and
IBM Quantum Lab is described. Information about quantum operations and gates is presented:
their designation in IBM Quantum Composer and IBM Quantum Lab, the gate matrix, and the
purpose of the gate. An example of implementing quantum teleportation in the form of a circuit
and program is given.

This article highlights further research by the authors, begun in [153, 154, 155, 156, 157, 158,
159, 160, 161, 162].

The article “Using the Yammer cloud service to organize project-based learning methods”
[163] by Dmytro M. Bodnenko (figure 18), Halyna A. Kuchakovska, Oleksandra V. Lokaziuk,
Volodymyr V. Proshkin, Svitlana H. Lytvynova and Olha H. Naboka reveals and interprets the
key features of project-based learning based on cloud-based services: social activity; convenient
communication in a team during the project implementation and at the resulting stage; open
educational space; self-learning and self-improvement; use of interdisciplinary links to combine
students of different years of study (1–4 degrees of the first (bachelor’s) level and students
of the second master’s level) to joint research teams to study through research; purposeful
motivation of cognitive and research activity of students within the discipline with the use of
interdisciplinary connections; formation of digital literacy of students. The advantages and
disadvantages of the Yammer cloud service are presented and a comparative analysis of this
service with similar cloud services is performed. Examples of using Yammer in professional
project activity are given. The stages of using project methods using the small group method
are analyzed and detailed: initiation; planning; conducting/implementation; presentation;
assessment/defense.

This article highlights further research by the authors, begun in [164, 165, 166, 167, 168, 169,
170, 171, 172, 173, 174, 175].

The article “The didactic potential of cloud technologies in professional training of future
teachers of Ukrainian language and literature” [176] by Olha B. Petrovych (figure 19), Alla P. Vin-
nichuk, Oksana A. Poida, Viktoriia I. Tkachenko, Tetiana A. Vakaliuk and Olena H. Kuzminska
deals with the peculiarities of the usage cloud technologies for the organization of students-
philologists’ individual and group work in studying the discipline “Scientific Research Basics”.
The relevance of the introduction of cloud technologies for formation the readiness of the
future teachers of Ukrainian language and literature to the professional activity is substantiated.
Analysis of the scientific sources suggested that the quality of professional training process of
future teachers-philologists has reached a new level by the means of cloud technologies. The
domestic and foreign experience of cloud technologies implementation into current educational
practices is generalized. The features of blended learning organization for professional training
students-philologists at the Mykhailo Stelmakh Faculty of Philology and Journalism of Vinnyt-
sia Mykhailo Kotsiubynskyi State Pedagogical University during the studying the discipline
“Scientific Research Basics” by using cloud technologies are described. The practical aspects
and experience of preparation the future teachers of Ukrainian language and literature to a
fluent usage of innovative cloud-based means are detailed. It is specified that the educational
process is based on the communication by Gmail, Viber and Telegram messengers, store on
Google Drive resource, work with educational video on YouTube, conducting online classes in
Google Meet, creation publication in any of the social networks (Facebook, Instagram, TikTok),
formation the different styles of references design on The Cite This for Me resource, conducting
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Figure 17: Presentation of paper [152].

literature search on various search engines, namely Google Scholar, ScienceDirect, Web of
Science, creating multimedia presentation at Prezi or Canva, making MindMaps on Mindomo,
infographics on interactive board Google Jamboard or Padlet, on services for graphic design
Canva and Visme, etc. Prospects for experimental studying the effectiveness of using cloud
technologies in learning discipline “Scientific Research Basics” are determined.
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Figure 18: Presentation of paper [163].
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This article highlights further research by the authors, begun in [177, 178, 179, 180, 181, 182,
183, 184, 185, 186, 187].

Figure 19: Presentation of paper [176].

Practical training is an integral part of the professional training of future teachers. During
the practical training, trainees not only implement their own theoretical training in practice,
but also increase the level of information competence. The rapid use of e-learning resources
for distance learning during epidemiological constraints caused by biological threats poses
new challenges to education in the availability of e-learning resources. The development of
electronic educational resources is a difficult task, one of the ways to solve it is to involve future
teachers in this process during the initial practice. In the article “Creation of open educational
resources during educational practice by means of cloud technologies” [188] by Vladyslav Ye.
Velychko (figure 20), Elena G. Fedorenko, Vladimir N. Soloviev and Ludmila V. Dolins’ka, the
experiment of creating open educational resources by means of cloud technologies during
the training practice showed the probability of solving this problem. Restrictions in direct
contact between participants in the experiment, both due to epidemiological restrictions and
through practical training in various educational institutions, are solved through the use of
cloud technologies. The latter provides an opportunity to easily disseminate developed open
educational resources and disseminate best practices in creating educational content.

This article highlights further research by the authors, begun in [189, 190, 191, 192, 193, 194,
195, 196].

The system for remote assessment of knowledge automates formation of task (tickets) with
questions and tasks for conducting intermediate and final monitoring of knowledge of students
is offered by Mykhailo I. Sherman, Yaroslava B. Samchynska (figure 21) and Vitaliy M. Kobets in
the article “Development of an electronic system for remote assessment of students’ knowledge
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Figure 20: Presentation of paper [188].

in cloud-based learning environment” [197]. In the process of developing an electronic system
for knowledge assessment, the basic requirements for a web application and the modules
that the system consists of were determined, the main roles of users in the system and their
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functionality were identified, access rights were established. The technical, functional, and
non-functional features of the software product are described, web technologies for creating an
application for knowledge assessment are considered. The diagram of system sequences, the use-
case diagram, which schematically describing roles and functions of agents in an information
system, the diagram of classes of a database structure are presented with UML description.
Based on the defined requirements for the resource in cloud-based learning environment, the
following technologies for its development were chosen: the server programming language PHP,
JavaScript programming language and its libraries were used, as well as the MySQL database
with PhpMyAdmin tool for administration of chosen database management system. OpenServer
software complex system was used to develop and test the application functionality. The usage
of the proposed electronic assessment system of knowledge contributes to the formation of an
open information and cloud-based learning environment of a modern educational institution,
enhances the efficiency and more rational distribution of teacher time in preparing tests or
exams, activates repetition of educational material and knowledge assimilation, indirectly
motivates students to more honest learning.

This article highlights further research by the authors, begun in [198, 199, 200, 201, 202].

2.6. Session 6: Immersive Technology Applications in Education

The article “The use of specialized software for liquid radioactive material spills simulation to
teach students and postgraduate students” [203] by Oleksandr O. Popov, Yurii O. Kyrylenko,
Iryna P. Kameneva, Anna V. Iatsyshyn, Andrii V. Iatsyshyn, Valeriia O. Kovach (figure 22),
Volodymyr O. Artemchuk, Valery N. Bliznyuk and Arnold E. Kiv proves relevance of specialized
software use to solve problems of emergencies prevention of radioactive liquids spills to teach
students and graduate students. Main assessment criteria of accidents at radiation-hazardous ob-
jects associated with radioactive liquids spillage is identified. A model of radioactive substances
transport in emergency rooms is developed. It takes into account physical features of radioactive
liquid spill from the source, air pollution during transition of radioactive liquid from the spill
surface into the air and subsequent scattering in the emergency room under influence of local
air flows. It is determined that the existing software tools for radiation exposure assessment
do not comprehensively cover features of such events and possess number of shortcomings
regarding accidents modeling with spillage of radioactive liquids indoors. Computer modeling
and forecasting examples for hypothetical event related to liquid radioactive spill in the JRODOS
system are presented. The training process of future specialists, specialties 183 “Environmental
Protection Technologies”, 143 “Nuclear Energy”, 103 “Earth Sciences”, and 122 “Computer Sci-
ence” should be based on application of powerful scientific and methodological training base
using modern achievements in the field of digital technologies. It is advisable to supplement cur-
ricula for students‘ and postgraduate students’ preparation in the mentioned above specialties
by studying issues related to: development of mathematical models and software for solving
problems of emergencies prevention in case of radioactive liquids spills; usage of features of
specialized decision software of emergencies prevention during spills of radioactive liquids.

This article highlights further research by the authors, begun in [204, 205, 206, 207, 208, 209,
210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220].

The article [221] by Ilona V. Batsurovska, Nataliia A. Dotsenko (figure 23), Vladimir N. Soloviev,
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Figure 21: Presentation of paper [197].

Svitlana H. Lytvynova, Olena A. Gorbenko, Nataliia I. Kim and Antonina P. Haleeva presents the
technology of application of 3D models of electrical engineering in the performing laboratory
work. It was outlined the organizational and methodological conditions, forms and methods,
learning tools of the proposed technology. The organizational and methodological conditions
include the use of computer 3D models in laboratory work; creation and implementation into the
educational process laboratory work that involves the development of computer 3D modeling;
providing the necessary guidelines for the use and development of computer 3D modeling
during laboratory work. Application of the 3D models in the performing laboratory work
of electrical engineering disciplines can be realised on the initial, average and high levels.
Upon completion of the development of the presented technology, an experimental study was
conducted, which included the identification of the appropriate level of use of 3D models in
the process of performing laboratory work in the study of electrical engineering disciplines.
The obtained experimental results were verified using Student’s statistical t-test for relative
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Figure 22: Presentation of paper [203].
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indicators. The result of the implementation of technology is the application of 3D models in
educational and professional activities in the field of electrical engineering.

This article highlights further research by the authors, begun in [222, 223, 224, 225, 226, 227,
228, 229, 230].

Figure 23: Presentation of paper [221].
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The article “Immersive learning technology for ensuring quality education: Ukrainian univer-
sity case” [231] by Volodymyr O. Liubchak, Yurii O. Zuban and Artem E. Artyukhov (figure 24)
considers the problem of using immersive learning in the educational and scientific activities of
the university. Literature survey revealed that there is a need for an integrated approach for
introduction of immersive learning at the university. It involves the creation of a specialized
laboratory of virtual and augmented reality with appropriate technical equipment, introduction
of immersive learning methodology in university educational programs, development of soft-
ware and hardware solutions for immersive learning, and research on the immersive learning
effectiveness. Authors present the description of a specialized university department acting as a
developer of software products for immersive learning. Authors show original developments
in the field of immersive education for exact sciences and arts and humanities students. The
article describes products that are designed to fulfill the third university mission: to ensure the
citizens well-being. Authors propose "immersive institute" model which can be implemented
both at the level of the university in general and at the level of its educational and scientific
departments.

Being popular world-wide, virtual laboratories enter into different fields of education and
research and practitioners have to be responsible for choosing the most suitable and then adapt
them to particular field. The aim of the article “Enhancing digital and professional competences
via implementation of virtual laboratories for future physical therapists and rehabilitologist”
[232] by Halina I. Falfushynska (figure 25), Bogdan B. Buyak, Grygoriy M. Torbin, Grygorii V.
Tereshchuk, Mykhailo M. Kasianchuk and Mikołaj Karpiński was to assess the effectivity of the
implementation of Praxilab, Labster, and LabXchange virtual laboratories as the powerful digital
tool into teaching protocols of “Clinical and laboratory diagnostics” discipline for physical
therapists and rehabilitologist. Authors have carried out the online survey for 45 students
enrolled in physical rehabilitation degree program. About 70% surveyed students reported that
implementation of virtual laboratories in “Clinical and laboratory diagnostics” discipline met
individual learning needs of students, helped acquired digital skills (25%), and supported them
to stay ahead of the curve. The virtual lab applications, not only assisted harness students
fair against lack of practical skills, but also brought about a new dimension to the classes and
helped overcome digital alienation and gain their digital skills and abilities. Indeed, a virtual lab
can’t completely replace the experimental work and teacher’s explanation, but it might support
teaching activities of a modern mentor and learning activities of a modern student. Almost all
of surveyed students (82%) expected that in near future the virtual laboratories would take the
dominant place in the education market due to possibility of students’ pre-train the key points
of practical activities before real experiments in lab and better understand their theoretical
backgrounds. Thus, this study is intended to contribute to utilization of virtual labs by students
enrolled in study physical therapy/physical rehabilitation with expected efficiency.

This article highlights further research by the authors, begun in [233, 234, 235, 236, 237, 238,
239, 240, 241, 242].

Nowadays simulation training technology is a priority method of maritime specialists’ practi-
cal training in the world. The main purpose of using VR simulators within an educational process
is to simulate work on real equipment in order to form professional competencies of seafarers.
The article “Formation of professional competency in life saving appliances operation of future
seafarers by means of online and simulation VR technologies” [243] by Serhii A. Voloshynov,
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Figure 24: Presentation of paper [231].

Halyna V. Popova, Olena S. Dyagileva, Nataliya N. Bobrysheva and Olha V. Fedorova (figure 26)
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Figure 25: Presentation of paper [232].

describes system of blended learning on the basis of Kherson State Maritime Academy, that
includes alternation of traditional and online learning, virtual training by means of the VR
technology, training on simulators. In accordance with the principles of blended learning in
Academy, there was developed an author’s course “Rescue boats and life rafts specialist”, which
aims at providing theoretical and practical training of seafarers on launching and handling the
lifeboats and liferafts and, as a result, ensures seafarers’ formation of professional competency
“life-saving appliances operation”. The article also reveals the results of an experiment with
implementation of VR technologies in forming the professional competency “life-saving appli-
ances operation”. The deviation of the results in control and experimental groups was 9,8%. The
effectiveness of the research was manifested in the fact that students have gained experience of
practical skills before coming to the vessel and showed higher level of educational achievements
in professional competency “life-saving appliances operation”.

This article highlights further research by the authors, begun in [244, 245, 246, 247].
The article “Clouds of words as a didactic tool in literary education of primary school children”

[248] by Liudmyla L. Nezhyva (figure 27), Svitlana P. Palamar, Maiia V. Marienko reveals the
possibilities of using the words’ cloud in the literary education of primary school children.
The authors consider the possibility of using a cloud of words to visualize the keywords of
the text for the translation of the work of art, the interpretation of the main idea and the
characteristics of the artistic image. The words’ cloud can also be used as a reference summary
to answer questions about the content of the work or to present the results of a school project
by students. Moreover, in reading lessons, this tool can be used as a tool to identify the topic
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Figure 26: Presentation of paper [243].

of the lesson. The study reveals the possibilities of the didactic tool of the words’ cloud for
the development of speech of primary school children, in particular, in composing their own
texts and editing them, the ability to explore words that the student uses too often and avoid
tautology. Using the method of a problem situation and visually demonstrating information
through a cloud of words, the teacher pro-motes the activation of students’ mental activity, the
development of creative abilities and critical thinking. The study tested the use of the electronic
resource WordArt in primary school – a website for creating a “word’s cloud” and proved its
effectiveness in reflection, as well as creating an image of the main idea of the lesson, general
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Figure 27: Presentation of paper [248].

conversation, its use as didactic material. The authors used the technology of learning using a
cloud office package Google Drive to write a draft of their own statement of primary school
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children. The authors investigated the use of the service in the lesson of literary reading during
the organization of reading activities in the following areas: in the “cloud of words” to encrypt
the topic of the lesson; using the cloud as visual material or as basic information to explain
new material; encrypt certain words from the text in the cloud, students’ task to guess the
work; create a cloud of words of positive and negative characters of the work; write a story
on the topic; create an “encrypted postcard” to the writer or hero of the work. In the course of
experimental work, the effectiveness of the use of this didactic tool in the lessons of literary
reading in primary school during the analysis of texts in order to identify the most important
associations of students was confirmed.

This article highlights further research by the authors, begun in [249, 250, 251, 252, 253, 254,
255, 256].

3. Conclusion

9th Workshop on Cloud Technologies in Education (CTE 2021) was organized by Kryvyi Rih
National University (with support of the rector Mykola I. Stupnik) in collaboration with Kryvyi
Rih State Pedagogical University (with support of the rector Yaroslav V. Shramko), Institute for
Digitalisation of Education of the National Academy of Educational Sciences of Ukraine (with
support of the director Valeriy Yu. Bykov) and University of Educational Management (with
support of the vice-rector for research and digitalization Oleg M. Spirin).

Authors are thankful to all the authors who submitted papers and the delegates for their
participation and their interest in CTE 2021 as a platform to share their ideas and innovation.
Also, authors are also thankful to all the program committee members for providing continuous
guidance and efforts taken by peer reviewers contributed to improve the quality of papers
provided constructive critical comments, improvements and corrections to the authors are
gratefully appreciated for their contribution to the success of the workshop.
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Abstract
Digital technology permeates all aspects of life. During the pandemic, all countries in the world began to
use distance learning methods through the use of digital platforms, classes, labs. Digitalization avoided
the collapse of the educational system. The aim of the article is to analyze the processes of digitization of
education in Eastern Europe. To achieve the goal of the article, the following tasks were set: to study the
theoretical basis of the digitization of education, to analyze the trends in the digitization of education in
Eastern Europe, to develop recommendations for improving the digitization of education. The article
analyzed the ranks of the Network Readiness Index and the Global Digital Readiness Index in terms of the
technological readiness of higher education institutions and students for distance education. The article
offers a case study of the Ukrainian university for the implementation of an e-learning environment. The
authors grouped countries from Eastern Europe according to their potential for digitizing education. For
these groups of countries, the authors identified specific criteria. SWOT an analysis of the digitization of
education was conducted for the countries of Eastern Europe.

Keywords
digitization, distance education, technical provision, innovative economy, pandemic

1. Introduction

Digital transformation involves the transformation of all areas of public life under the influence
of advanced innovative information and communication technologies (ICT), including in the
education system, which is the foundation of an innovative economy and shapes its human
potential. This determines the relevance of accelerating the digital transformation of education
in the countries of Eastern Europe. The digital transformation of education is necessary to
ensure that the educational process meets the needs of the labor market, increases the level of
participation in these processes of educational institutions of all levels and other organizations
of the educational system, as well as scientists, managers and specialists of government agencies,
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representatives of the private sector of business. Nevertheless, there are some problematic
issues of digitalization of education, mainly: unequal access to the Internet of different kinds of
families, the Internet cover of different regions and countries has different quality and level,
lack of computers and laptops in some families etc.

The aim of the article is to analyze the processes of digitization of education in Eastern Europe.
The object of the research is the digitization of education. The subject of the research is the
process and potential of digitization of education in Eastern Europe.

The scientific novelty of the research is the grouping of the countries of Eastern Europe
according to the potential of digitization of education.

The practical significance of the study is that the results of the article can be used by state
authorities and universities in Eastern Europe to exploit the potential of digitization of education.

The research methods used in the article include literature analysis (a review of research to
date in the field of digitalization of education) and taxonomic methods used to determine the
development and potential of digitalization of education in the countries of Eastern Europe,
according to the ranks of the Network Readiness Index and the Global Digital Readiness Index
in terms of technological readiness of universities and students for distance education, as well as
the method of SWOT analysis (according to the digitalization of education in Eastern Europe).

2. Literature review

The VOSViewer and SciVal tools were used to conduct a brief bibliometric analysis on the re
quest “digitalization of education”. The array of publications for analysis was obtained from the
Scopus database (https://www.scopus.com/).

Bibliometric analysis using the VOSViewer tool (base for analysis – 1408 articles for the
period 2010–2020) (figure 1) made it possible to identify the main keywords that are most often
found in scientific papers in connection with the direction of digitalization in education. The
cluster “education” is of great interest for analysis, which links the terms “e-learning”, “virtual
reality”, “augmented reality”, “decision making”, “sustainable development”, “economics” and,
in fact, demonstrates the model of university development. in this direction. The relevance of
considering this cluster is confirmed by a number of domestic works that are devoted to. In
particular, digitalization of education in general [1], state regulation and management of the
quality of education [2, 3], ensuring the quality of education in subject areas [4, 5], quality of
education and sustainable development goals [6].

It should be noted that in the world the topic of digitalization of education is gaining momen-
tum, as can be seen from the data in figure 2 (SciVal bibliometric analysis tool). However, the
number of publications in comparison with other industries is insignificant, which confirms the
relevance of studying various aspects of this direction.

Continuing the analysis, it is also necessary to address the topics that are most often associated
with the request for digitalization of education (figure 3, SciVal bibliometric analysis tool). The
combination of keywords shown in the figure that add up to topics (the figure shows top-1
% of topics by prominence, 2510 articles for the period 2011–2020 were used for analysis)
leads the reader to the main promising (“breakthrough”) directions of the development of the
digitalization model of education. These areas can be taken as general ones when creating a
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Figure 1: Results of bibliometric analysis using VOSViewer tool.

Figure 2: Number of publications in the field of digitalization of education.

digitalization strategy for the educational process at the university.
Thus, the data of bibliometric analysis provide a basis for finding optimal solutions for the

digitalization of education in the region, which is studied in this work.
Turning to the authors of works related to the digitalization of education, the following should

be noted. The problem of using digital technologies in education was studied by Henderson et al.
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Figure 3: Top-1% of topics by prominence on digitalization of education.

[7], Khalid et al. [8], Pettersson [9], Kafyulilo et al. [10]. The authors examined the prospects for
the digitalization of education, as well as the attitude of students towards distance and online
learning.

The digitalization of education in Eastern Europe was dealt with by Chitez et al. [11], Rogobete
and Chitez [12], Orr et al. [13], Burwell and Fleck [14]. These scientists have studied the
strategies, models and phases of digitalization of education in Eastern Europe.

Despite the mentioned studies, the issue of comparing, grouping and highlighting the prob-
lems of digitalization of education in Eastern Europe has not been resolved. This led to the
relevance of this research.

3. Cases of digitalization of education in Eastern Europe

The total quarantine and the abrupt conversion of educational institutions to distance learning
in March 2020 revealed some of the problems with the digitization of education in the countries
of Eastern Europe.

Since the beginning of the quarantine, higher education institutions in Ukraine were not
fully prepared for online education, they used only certain elements of online education. And
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online teaching methods needed development and clear regulation. During the interviews
in May–June 2020, most HEIs noted that their institutions used certain elements of online
education before the quarantine and relied heavily on the Moodle system. In addition, the
development of online education had a specific date and was a response to the demands of time
or circumstance. Thus, some online courses were introduced for students of the displaced HEI’s
(HEI’s who were resettled from Donetsk and Luhansk region [15].

Nevertheless, online training courses on digital platforms, online courses, were established
in the first month. In addition, the session, certification and even passing the state exams in the
summer of 2020 were held online.

It is worth noting that Ukrainian universities have positive experience with online accredita-
tion.

Distance education, new requirements for the educational process have become a challenge
for the educational system. The pandemic has affected the habitual lifestyles of students, their
families and teachers, caused economic and social consequences, exacerbated a number of
socio-economic problems, including:

• Equitable access to education (disparity in families’ provision of distance education
resources and unequal access to quality Internet);

• Provision of educational services for children with special educational needs (children
with certain pathologies are not able to receive educational services at a distance);

• other socio-economic problems caused by the pandemic.

Technical assistance component – access to high-speed Internet almost mirrored the situation
shown in figure 4. The survey was conducted in such a way that 41% of the respondents believed
that all or almost all teachers have access to the Internet, while only 7.4% of the respondents
confirmed a similar level of provision for students. The percentage of “majority (75%)” responses
was also high and was 45.9% for participants in the educational process and 36.2% for teachers.

Thus, the survey showed problems in the technical equipment of participants in the educa-
tional process.

The Ministry of Education and Science of Ukraine in May 2021 prepared a draft Concept
of Digital Transformation of Education and Science for the period until 2026 [16], which is a
strategic document with a state vision for the development of these industries and solving the
problems of their development.

Unlike Ukraine, in the Republic of Belarus the digital transformation of processes in the
education system, which includes updating the content of training specialists for various areas
of the real sector of the economy and the educational process of training teachers, is carried out
in two main areas:

1. The digital transformation of the educational process to form a corresponding infrastructure
in educational institutions and transform the management in the educational system. It must
provide the following:

• the access of all participants in the educational process to digital technologies that improve
the educational process;

• the use of distance learning technologies and popularization of the principle of lifelong
learning;
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Figure 4: Survey of Ukrainian respondents “How many teachers at your institution have access to
high-speed Internet”.

• the improvement of the educational process through the harmonious implementation of
achievements in the field of ICT;

• reference and information support for all participants in the educational process;
• unification and systematization of disparate information resources required in educational

activities;
• the adaptation of the content of educational programs in view of the development of

students’ competences in the field of information technology;
• the use of electronic educational resources and the possibilities of modern didactic methods

based on ICT in the educational process;
• improvement of the system of provided electronic educational services;
• digital documentation and analytics of the results of the educational process.

The Republic of Belarus is ready for the digital transformation of the educational process, as
informatization is practically completed in it. The educational system currently includes more
than 9 thousand students.

Educational institutions of various levels, educating more than 2 million students, including
51 higher education institutions. The educational process is provided by about 250 thousand
teachers. The following data testify to the introduction of ICT in the education system. ICT
is used in educational institutions of all types and kinds at all levels of primary, special and
supplementary education. Almost all primary and secondary schools, lyceums, high schools,
higher, secondary technical and vocational education institutions have computer classes or
separate computers to support the educational process.

In 2018, 97.8% of educational institutions had access to the Internet, including 91% of institu-
tions with broadband access. More than 90% of teachers (excluding computer science teachers)
use or are willing to use ICT in their professional activities [17]. Higher education is also one of
the “digital leaders” – the sectors of the economy the at use information and communication
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technologies most intensively. Thus, in 2016, among the organizations of the Republic that run
higher education programs, 96.6% used e-mail and had local networks, and 98.3% had access to
the Internet and their own website [18, p. 21].

All educational institutions use or have the ability to use Internet services and Internet services:
e-mail, remote access to Internet resources, interaction with information systems and resources,
etc. The renewal and (or) increase in the number of computer equipment in educational
institutions continues. Most educational institutions operate automated management systems
that collect and process information about students, teachers, parents, material and technical
base, and the organization of the educational process. There are a number of nationwide
systems that allow automated collection and processing of statistical information in the field of
education.

A department-wide document management system and a Business Automation and Electronic
Document Management System DELO have been implemented to ensure electronic document
management. Electronic copies of textbooks are posted on the website National Educational
Portal. Modern competitive services developed by both public and private companies have been
introduced and used: Progress monitoring services, knowledge gap filling services, access control
services, payment services and services with additional educational content in electronic form.
Since 2012, most of these services have been used in educational institutions and educational
authorities.

2. Digital transformation of processes accompanying education (introduction of distance edu-
cation, new educational methods and practices, the number of specialties in IT, new educational
standards “University 3+”) [17].

The development of distance education, which is an integral part of the digital transformation
of higher education, as it provides an opportunity for lifelong learning for all citizens of the
country with access to the Internet, as well as for foreign citizens interested in distance learning
in the higher education institutions of the Republic [19].

Currently, there are distance learning programs in five higher education institutions. Belaru-
sian State University of Informatics and Radioelectronics is considered a leader in the country
in the development of distance education, but even there, in the 2017/18 academic year, distance
education was available for only 22.2% of specializations (12 out of 54) [20].

Digitization of higher education in Poland is more developed than in other Eastern European
countries. Kozminski University, Lodz University of Technology, Warsaw School of Economics
and the Jagiellonian University are universities with different educational profiles combining
exemplary use of digital tools in scientific, administrative and research activities. All four
universities were the first in Poland to be awarded in the Most Innovative Universities Program
and to receive the title of “Microsoft Cloud University” [21].

Despite the fact that Poland has more experience in distance education than Ukraine and
Belarus, some important problems appeared in 2020 and 2021:

• insufficient supply of computers to participants of the educational process (97% of house-
holds have at least one computer, but many of them have difficulties because computers
have to be shared by siblings, etc.) [22]

• reduced bandwidth of connection and limited amount of monthly data transfer;
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• lack of digital skills among teachers (85% of teachers reported that they had very little
experience in using the tools needed for distance education, and only 5% of them described
their skills in this area as "very good". Only 8% of students believe that teachers are very
well prepared for online learning, and 62% of them consider distance learning ineffective)
[22].

Thus, the problems of digitization of education in Poland are similar to Ukrainian and
Belarusian problems.

4. Problems of digitalization of education in Eastern Europe

The main problems of digitization of education in Eastern Europe:

• inadequate preparation of teachers for distance education (use of methods of cyber-
pedagogy, work on online platforms, underdeveloped digital skills);

• management problems (insufficiently developed digital competences among representa-
tives of the management of educational institutions);

• lack of technical equipment in educational institutions (virtual classrooms, electronic
laboratories, etc.);

• lack of quality Internet connection among individual participants in the educational
process in connection with their place of residence;

• insufficient provision of individual computers for all participants in the educational
process;

• lack of methodological support for distance learning courses (workshops, lectures, etc.).

As the above analysis has shown, the countries of Eastern Europe have similar problems in
providing digitalization of education. Let us analyze the ranks of the Network Readiness Index
(NRI) and the Global Digital Readiness Index in terms of technological readiness of universities
and students for distance education (table 1, table 2).

According to the NRI rating of the studied countries, Czech Republic and Poland have the
highest position –28 and 33. Also, in terms of technology development, Czech Republic takes
26th place. Ukraine and Belarus occupy similar positions on the NRI – 64 and 65. Belarus has
advantages in terms of access to technology and content. Ukraine has an advantage in future
technologies.

According to table 2, all Eastern European countries have the Accelerate stage of digital
readiness. The highest Global Digital Readiness Index in Czech Republic – 15.78. The country is
adapted to the digitalization of education. Next in terms of indicators are Poland and Slovakia.
Belarus and Ukraine have a low-tech adoption rate, which characterizes demand for digital
products / services. Thus, the index confirms the presence of the problem of the availability of
devices and Internet use among the participants of the educational process.
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Table 1
Network Readiness Index ranks in 2020 [23, p. 32, 33, 19].

Countries
NRI
rank

NRI
score

Technology
(Pillar) Rank

Technology
Sub-pillars

Income
group

Access Content
Future

Technology

Belarus 65 49.16 68 58 41 134
Upper-
middle-
income

Ukraine 64 49.93 62 79 46 53
Lower-
middle-
income

Poland 33 61.80 36 32 34 60
High-

income

Bulgaria 46 55.03 43 50 33 78
Upper-
middle-
income

Czech
Republic

28 66.33 26 33 20 32
High-

income

Hungary 39 60.05 31 21 32 44
High-

income

Moldova 71 47.09 74 56 66 126
Lower-
middle-
income

Romania 49 51.14 46 18 48 82
High-

income

Slovakia 35 60.78 34 38 37 37
High-

income

5. Potential of digitalization of education in Eastern Europe

The above analysis allowed the authors to group the countries of Eastern Europe according to
their potential for the digitalization of education. Authors have highlighted specific criteria
(table 3).

Thus, authors proposed 3 groups of Eastern European countries according to their potential
for digitalization of education with their indicator. Also, it is necessary to mention that this
potential correlates with countries‘ income group.

In our opinion, in order to activate the digitalization of education, it is necessary to expand
public-private partnerships with the participation of manufacturers and suppliers of advanced in-
formation and communication technologies that have prospects of application in the educational
process in higher education institutions of countries.

In the future, the digitalization of education will ensure the development of digital compe-
tences for all participants in the educational process, the formation of ecological and digital
awareness among students [25], the adaptation of educational programs to changing socio-
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Table 2
Global Digital Readiness Index scores in 2019 [24].

Countries Score Stage Tech adoption (3) Tech infrastructure (4)

Belarus 12.95 Accelerate 1.21 1.68
Ukraine 11.47 Accelerate 1.09 1.02
Poland 14.94 Accelerate 1.31 2.03

Bulgaria 13.72 Accelerate 1.12 1.84
Czech Republic 15.78 Accelerate 1.30 2.12

Hungary 14.13 Accelerate 1.23 1.89
Moldova 11.65 Accelerate 1.10 1.37
Romania 13.34 Accelerate 1.10 1.71
Slovakia 14.44 Accelerate 1.36 1.78

Table 3
Grouping Eastern European countries according to their potential of digitalization of education.

Group Countries Indicators Income group

High potential for
digitalization of education

Czech Republic,
Poland, Slovakia,

Hungary

NRI rank ≤ 40,
Global Digital

Readiness Index scores ≥ 14
High-income

Middle potential for
digitalization of education

Romania,
Bulgaria

41 ≤ NRI rank ≤ 60,
13 ≤ Global Digital Readiness

Index scores < 14

High-income,
Upper-middle-

income

Lower-middle potential for
digitalization of education

Ukraine, Belarus,
Moldova

NRI rank > 60,
11 ≤ Global Digital Readiness

Index scores < 13

Lower-middle-
income,

Upper-middle-
income

economic conditions and the scientific and technological revolution, and the development of an
innovative economy.

To summarize the results of the study, a SWOT analysis of the digitalization of education
for the countries of Eastern Europe was carried out (table 4). SWOT analysis is a model for
forming an information base and developing on its basis the most effective option for managing
socio-economic processes (including the digitalization of education). It is assumed that SWOT
analysis is used to assess the situation under conditions of uncertainty and to regulate individual
parameters. In this case, the regulation of parameters is understood as the correction of the
values of control parameters for the implementation of the optimal development scenario at a
certain segment of the planning period.

5.1. E-learning environment: Ukrainian University’s case

As an example, let us present the case of Sumy State University (Ukraine) on the creation of
an e-learning platform based on its own unique developments. The e-learning environment is
shown in figure 5.
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Table 4
SWOT analysis of the digitalization of education for the countries of Eastern Europe

Strengths Weakness

– highly qualified teachers;
– state support;
– relevant regulatory framework

– low digital competencies
among participants in the
educational process
(85% of teachers reported
that they had very little
experience in using the
tools needed for distance
education);
– lack of methodological
support for distance courses

Opportunities Threats

– development of the digital economy;
– development of distance education;
– the future of technology;
– creation of the Eastern
European University with Artificial Intelligence

– different level of provision of
families with means for
distance learning and unequal
access to high-quality Internet;
– lack of technical equipment
of educational institutions
(NRI score: 47-69)

The e-learning ecosystem includes various tools for the implementation of distance, e-learning
and blended learning, platforms for creating educational materials, a platform for massive open
online courses, a repository of educational materials. The developer of educational materials
works autonomously, without involving technical services in the software implementation of
the project in the process of creating a package of tasks. In the process of creation, only the
developer communicates with consultants of various levels. After agreeing on the content, the
materials are reviewed and posted in open or closed (directly for course students within the
university) access; programmers implement only non-trivial tasks within the framework of
educational courses (interactive elements, virtual and augmented reality, etc.) (figure 6).

As part of the implementation of various models of electronic learning, they are constantly
being improved on the basis of feedback from developers of educational materials, reviewers,
programmers, and listeners.As an example, the questionnaire of a survey of developers of
educational materials of the Mix platform (blended learning) in 2021 is given.

The advantages of the Mix platform:

• all teachers and students are in a single learning space;
• the ability to control the educational process in real time;
• the platform is synchronized with the unified information system of the university;
• systematic support from the university;
• the opportunity for teachers to work collectively both in the creation of materials and in

virtual classrooms;

11



Figure 5: E-learning environment: Sumy State University case (Ukraine) [26].

Figure 6: Algorithm for creating educational materials [26].

• unified tools simplifies the use of the platform for all users;
• automatic connection, control, archiving;
• the ability to manage user registration, define roles, manage content;
• creation of virtual classes, adjustment of the necessary parameters.

Disadvantages of the Mix platform:

12



• instability of work;
• inconvenient interface for working with mobile devices;
• insufficient functionality to provide the necessary activities;
• difficulty in settings;
• inconvenient interface for working with a personal computer;
• insufficient level of technical support for users;
• excessive openness and transparency for control by the university.

Measures to improve the Mix platform:

• integration with services for webinars (Meet, Zoom, Microsoft Teams, etc.);
• integration with plagiarism testing services;
• mobile version with chat;
• integration with additional services of ACS “University”.

6. Conclusions

Thus, Eastern Europe countries can be divided into three groups according to their potential for
digitizing education.

The pandemic COVID-19 has led to the active digitization of countries around the world,
including the countries of Eastern Europe. Despite certain problems and unpreparedness for
sharp digital transformation of education in these countries, in the first year of the pandemic it
was possible to establish distance education with lectures, seminars, workshops, tests, exams
and diplomas.

The implementation of the goals of the digital transformation of education, overcoming
the existing problems will make it possible to carry out the digital transformation of teacher
education on the basis of new e-learning models and move from a closed university system to
an open, distributed and maximally flexible system, depending on the willingness to adapt to
the changing needs of society.

In order to accelerate the digital transformation of processes in the educational system, it
is advisable to create experimental educational institutions with the most complete set of ICT
services possible, in order to evaluate their effectiveness in detail and subsequently implement
them in all educational institutions.

The prospect of further digitalization of the educational system of these countries is the
creation of an Eastern European University with artificial intelligence based on a partnership
between the state and business.
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Abstract
In this paper, we raise the discussion on the use of digital learning tools by teachers of Ukrainian
secondary schools for the organization of distance learning. In order to collect data we have used the
survey instruments (Google questionnaire) and involved 1463 respondents who revealed the state of the
use of digital learning tools for the organization of distance learning in the quarantine period caused by
COVID-19 pandemic. The study was conducted in all regions of Ukraine. The results show that teachers
have a need to master their knowledge and practical skills on digital instruments for the organization
of distance learning with students. On the other hand the paper presents the experience on how the
problem of the mastering of teachers’ digital competencies can be organized and what are the steps to the
organization of special distance learning courses for teachers in Ukraine. The experience of the creation
of Web portal of Ukrainian Open University of Postgraduate Education is presented. We propose on how
the needs and requirements of teachers regarding the implementation of the distance learning in schools
and the development of their digital competencies should be resolved.

Keywords
secondary education, digital learning tools, distance learning, teacher

CTE 2021: 9th Workshop on Cloud Technologies in Education, December 17, 2021, Kryvyi Rih, Ukraine
" oks.ovch@hotmail.com (O. V. Ovcharuk); gam@naps.gov.ua (A. M. Gurzhii); irinaivanyuk72@gmail.com
(I. V. Ivaniuk); lkartashova@ua.fm (L. A. Kartashova); helenakyiv2017@ukr.net (O. O. Hrytsenchuk);
tetianavakaliuk@gmail.com (T. A. Vakaliuk); marimodi@gmail.com (M. P. Shyshkina)
~ https://iitlt.gov.ua/eng/structure/departments/komparaktiv/detail.php?ID=300 (O. V. Ovcharuk);
http://irbis-nbuv.gov.ua/ASUA/0145119 (A. M. Gurzhii);
https://iitlt.gov.ua/eng/structure/departments/komparaktiv/detail.php?ID=304 (I. V. Ivaniuk);
http://irbis-nbuv.gov.ua/ASUA/0006208 (L. A. Kartashova);
https://iitlt.gov.ua/eng/structure/departments/komparaktiv/detail.php?ID=303 (O. O. Hrytsenchuk);
https://sites.google.com/view/neota (T. A. Vakaliuk);
https://iitlt.gov.ua/eng/structure/departments/cloud/detail.php?ID=269 (M. P. Shyshkina)
� 0000-0001-7634-7922 (O. V. Ovcharuk); 0000-0001-6729-6254 (A. M. Gurzhii); 0000-0003-2381-785X (I. V. Ivaniuk);
0000-0002-1270-4158 (L. A. Kartashova); 0000-0003-3173-7649 (O. O. Hrytsenchuk); 0000-0001-6825-4697
(T. A. Vakaliuk); 0000-0001-5569-2700 (M. P. Shyshkina)

© 2022 Copyright for this paper by its authors.
Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).

CEUR
Workshop
Proceedings

http://ceur-ws.org
ISSN 1613-0073 CEUR Workshop Proceedings (CEUR-WS.org)

16

mailto:oks.ovch@hotmail.com
mailto:gam@naps.gov.ua
mailto:irinaivanyuk72@gmail.com
mailto:lkartashova@ua.fm
mailto:helenakyiv2017@ukr.net
mailto:tetianavakaliuk@gmail.com
mailto:marimodi@gmail.com
https://iitlt.gov.ua/eng/structure/departments/komparaktiv/detail.php?ID=300
http://irbis-nbuv.gov.ua/ASUA/0145119
https://iitlt.gov.ua/eng/structure/departments/komparaktiv/detail.php?ID=304
http://irbis-nbuv.gov.ua/ASUA/0006208
https://iitlt.gov.ua/eng/structure/departments/komparaktiv/detail.php?ID=303
https://sites.google.com/view/neota
https://iitlt.gov.ua/eng/structure/departments/cloud/detail.php?ID=269
https://orcid.org/0000-0001-7634-7922
https://orcid.org/0000-0001-6729-6254
https://orcid.org/0000-0003-2381-785X
https://orcid.org/0000-0002-1270-4158
https://orcid.org/0000-0003-3173-7649
https://orcid.org/0000-0001-6825-4697
https://orcid.org/0000-0001-5569-2700
https://creativecommons.org/licenses/by/4.0
http://ceur-ws.org
http://ceur-ws.org


1. Introduction

The main goal of building an information society and its next phase – the knowledge society,
is the formation of a developed information environment focused on the interests of citizens
in Ukraine. This gives everyone the opportunity to fully realize their potential, as well as
contribute to the sustainable development of the country and improve the quality of life. That is
why the Government of Ukraine presented the Concept of Development of the Digital Economy
and Society of Ukraine 2020, which identified opportunities for society to adapt to the realities
of the digital world. One of the important factors of such adaptation is the development of the
ability of the general population to use digital technologies in everyday life and at work [1]. We
consider digital transformation as a strategic vision for how educational organizations evolve
from a traditional model, for example, during traditional classroom learning, to student and
teacher engagement to the new digitally enabled and data paradigm [2, 3, 4, 5].

The main role in the process of acquiring digital skills is played by teachers, who must not
only be able to use IT to implement the learning process, but also be able to create a digital
learning environment for students. The focus of our study is on teachers who answered the
questionnaire about their readiness to use digital learning tools and who outlined the problems
in the implementation of distance learning in schools that face them today during the quarantine
period.

One of the main challenges facing education today is the lack of awareness of teachers about
digital tools for distance learning in modern conditions. In addition, in today’s digital society
in Ukraine, the education system faces a limited number of available teaching materials and
guidelines on how to use IT to teach their subjects; there is a problem of insufficient training of
teachers to use digital tools in professional activities. This is evidenced by the results of recent
research, which determined the readiness and needs of Ukrainian teachers for the use of digital
tools and IT in quarantine [6, 7, 8, 9].

The study also outlines Ukraine’s experience in creating a web portal of Ukrainian Open
University of Postgraduate Education to improve the skills of teachers to acquire digital skills
and reveals opportunities and prospects for improving the digital competencies of teachers
[10, 11]. Additionally we give examples of good practices in creating a digital environment and
the use of digital tools on the example of civic education in Ukrainian schools.

2. Literature review

The problems of using IT for distance learning by teachers in educational institutions are covered
by Bobyliev and Vihrova [12], Franchuk and Prydacha [13], Havrilova et al. [14], Kukharenko
and Oleinik [15], Mintii et al. [16], Syvyi et al. [17], Vakaliuk et al. [18]. These researchers raise
questions about the implementation of IT in education, the methodology of using digital tools,
creating a digital environment for teachers and students.

The issues of the development of digital competence of pedagogical university students
are revealed by Hodovaniuk et al. [19], Kuzminska et al. [20], Moiseienko et al. [21], Soroko
[22], The Council of the European Union [23], Yaroshenko et al. [24] who describe the definition,
structure and didactic conditions in the context of lifelong learning.
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The main issue, researchers consider the creation of the necessary educational and method-
ological support of the process distance learning, creating a digital environment in schools and
postgraduate educational institutions. Issues of formation of digital competence of teachers
and future teachers are revealed by Moiseienko et al. [21], The Council of the European Union
[23], Ovcharuk et al. [25], Ovcharuk and Hrytsenchuk [26], Hrytsenchuk [27] from the point
of view on how to create the digital support and appropriate environment in the classroom
for teacher for successful application of the digital tools for key competencies development
including digital competence. The scientists focus on the components of the teacher’s digital
competence and digital environment in schools. The scientists stress on the need to harmonize
the framework for the development of digital competence of students and teachers with Eu-
ropean approaches and the necessity to create mechanisms for assessing the level of digital
literacy of educators in Ukraine. Gurzhii et al. [28], Kartashova et al. [29, 30], Petrenko et al.
[31], Shokaliuk et al. [32], Spirin et al. [33] point out the aspects of the development of teacher’s
digital competency and the organization of distance learning in schools.

3. Research method

The goal of the article is to reveal the results of the survey about the Ukrainian teachers’
readiness to conduct distance learning in schools in the quarantine period during 2020/2021
school year, to reveal problems and challenges, as well as to present the experience on how these
problems can be resolved in the system of postgraduate teachers’ education. The following
methods were used by the authors to reveal this goal: analysis, synthesis, generalization and
systematization of scientific sources – to determine the theoretical, methodological and applied
aspects of the problem of using digital technologies in the implementation of distance education;
empirical methods, in particular, questionnaires, surveys to find out the readiness of teachers to
the use of digital learning tools in the process of distance education. In addition, computational
methods of information processing were applied during the data processing online survey.

4. Research results

Scientists of the Department of the Comparative Studies for Educational Innovations of the
Institute for Digitalisation of Education of the National Academy of Educational Sciences of
Ukraine conducted research among teachers (the number of respondents is 1463) through
an online survey in January 2021 [6]. The precondition for conducting this research was a
preliminary online survey conducted in the spring 2020, which highlighted the problems and
needs of teachers in the implementation of distance and blended learning in schools during the
first wave of quarantine caused by the pandemic COVID-19 [7, 8, 9].

It was important to determine exactly how the survey participants organized distance learning
and what tools they used to conduct lessons during distance and blended learning in a COVID-
19 pandemic. It was also interesting to find out which online resources serve respondents to
prepare for lessons, which of these resources are the most popular and useful for students
and teachers. It was found that most respondents use the following digital tools to organize
distance learning: Viber – 83%; Zoom – 58.7%; the site of the educational institution – 58.7%;
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My Class – 20.7%; Padlet – 18%; Google Apps for Education – 15.1%; Skype – 14%; Telegram –
13.8%; Electronic diary - 11.7%; Educational platform of the educational institution – 10%; Jitsi
Meet – 9.5%.

In addition, respondents pointed out to such tools as: Tik-Tok; Microsoft Teams; Cisco Webex;
Class Dojo; Edmodo; Moodle; Twitter; WhatsApp. However, all these tools did not score more
than 4% each. If we compare the results of two surveys (2020 and 2021) on the use of digital tools
for distance learning, we can see that the most popular tools for teachers are: Viber (83%) and
the school website (58.7%); The number of users increased from the 2020 period in comparison
with 2021 school year, namely: Zoom (+30.2%), Padlet (+18.2%), Jitsi Meet (+8.8%); Cisco Webex
(+3.3%); Edmodo (+3.2%). The responses showed less use of Google Apps for Education (-30.4%),
Skype (-23.7%), Telegram (-7.1%); MyClass continues to be used at approximately the same level
(+2.2%); Microsoft Teams (-0.7%); Electronic diary (+1.4%); ClassDojo (+1.6%). New tools such as
flipped classroom (+4%), Tik-Tok (+4%), Twitter (+4%) were increased.

This indicates that Ukrainian teachers require additional training on the use of digital tools.
The most effective online forms of professional development teachers consider the following:

• online courses – 32.1%;
• online master classes – 19.2%;
• webinars – 17.9%;
• online conferences / seminars – 12.1%;
• massive open online courses – 10.6%;
• online professional competitions – 4.6%.

Among other things, teachers indicated the following: online projects, webinars, online
face-to-face courses, etc. (figure 1).

Figure 1: Distribution of respondents’ answers to the question ‘What online forms of professional
development do you consider the most effective?’.

It was also interesting to identify the attitude of teachers to the use of digital learning tools
in the teaching of civic education. For example, a study conducted in 2019 found that teachers
of various subjects who teach civic education are interested in using digital tools in their
professional activities [25].
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A survey was conducted with 129 Ukrainian teachers. The results showed that 80% of the
positive answers of respondents related to the importance of the use of ICT, namely: promoting
the creation of free, accessible and secure information environment – 93.8%; understanding
the risks and threats in digital environments; knowledge of security and privacy and data
protection measures – 79.8%; knowledge of rules of conduct and know-how on the use of digital
technologies and interaction in digital environments – 83.7%.

The answers concerning the awareness of teachers about modern digital tools and the
possibilities of their use, demonstrated the lack of awareness and training of teachers and the
need for methodological support. The question ‘Am I able to protect myself and others from
possible dangers in digital environments (for example, from cyber-bullying)’ was answered only
18.6%; ‘I can create and edit digital content in various formats, express myself digitally on the
culture of democracy’ – 20.2% of respondents said ‘yes’. Cloud services are used remotely for
training. Teachers identified Google services as the most popular among them (80.5%). Teachers
also use Microsoft Office 365, Dropbox, Padlet, Google Apps, Google Drive and others (figure 2)
[25, 29].

Figure 2: Distribution of respondents’ answers to the question ‘What cloud services do you use in
teaching civic education with students?’.

The practice of using digital tools for teaching civic education in Ukraine is not wide-spread.
However, among some good practices should be singled out, for example, the resource of ‘3D
Democracy: think, care, act’ https://citizen.in.ua/about.php, which was created with the support
of the NGO ‘Nova Doba’. The tools and materials of this digital resource are freely available,
not only to students and teachers, but also anyone can join the use of resources and content in
civic education remotely [34].

An online course and an interactive civic education textbook for 10th grade are available on
a specially created website. Among the opportunities for teachers are the following: ‘Online
Teachers’ is a community of civic education teachers; ‘the Block of the School’, which contains
information about the institution that joined the net-work, provides information about the
school on the map of Ukraine; ‘Journal of Students’ Achievements’ is a place where activity
of each registered student is fixed in the general ‘electronic class journal’ (by subjects and
sections), it is accessible for viewing by teachers; ‘Relevant Information’ (methodical materials,
information about webinars, training seminars, conferences for teachers, etc.).
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‘3D Democracy’ proposes for students such online learning facilities as: online textbook
and manual on civic education; additional information on each topic (texts, videos, life cases);
online students’ community from different regions of Ukraine that contains online games, polls,
petitions, elections, flash mobs (on civic education topics); personal students’ offices/portfolios
of civic activities (specific practical cases in the course of civic activity, joint blogs, forums,
discussions); assessment of student achievements (online testing, situation analysis, practical
tasks (essay), and tools for students’ motivation (automatic scoring).

Since the start of the project, the number of registered students studying civic education has
been constantly increasing. In the 2018/2019 school year, the community consisted of 3,036
students, in the 2019/2020 school year it grew up to 4,996 students. Today, the community
has grown up to 7,648 participants. A total of 15,680 students and 2,646 teachers from all over
Ukraine have joined the project. Participants worked on the ZOOM platform to create volunteer
projects and implement them [34].

The relevance of distance learning by secondary school teachers has increased due to the
long period of quarantine restrictions. The new conditions of uncertainty of the further course
of events, the remoteness of the participants in the educational process prompted the solution
of the problem of providing continuous assistance to teachers. Teachers in the use of digital
tools for the implementation of distance learning were not sufficiently prepared.

OECD research states: ‘when teachers do not have the skills to effectively integrate digital
devices into teaching, they can learn to use them if the resources are available’. However, not
all teachers have access to effective professional resources to improve their understanding of
technology and their knowledge of how to apply it. On average, in OECD countries, only 65%
of 15-years-old attended schools whose principals felt that their teachers had the resources to
expand their understanding of digital technologies in the classroom and beyond [35]. UNESCO
has a response to these issues and proposes the distance learning solutions [36, 37, 38, 39].
The development of an innovative environment for the professional development of teachers,
including distance learning, has become a challenge for Ukrainian teachers.

Currently, among the main functions of postgraduate education is to assist teachers in devel-
oping their skills to act well in the digital educational environment, the ability to independently
organize distance learning, to independently search and select digital resources and their adap-
tation to the conditions of the educational process. Based on these problems, the authors have
developed an innovative model that provides professional development of specialists – web
portal ‘Ukrainian Open University of Postgraduate Education’ http://uvu.org.ua/ [10]. Web
portal ‘Ukrainian Open University of Postgraduate Education’ is a multi-purpose, dynamic
electronic educational resource designed to organize and support postgraduate education. This
is a set of digital solutions aimed at the successful operation of virtual departments, the im-
plementation of the educational process, professional development of students, coverage of
innovative educational practices. The specialists of the University of Educational Management
(Kyiv, Ukraine) taking into account the peculiarities of adult learning developed and put into use
the Web platform ‘Learning Management System Adult Learning’ (LMS AdL) for the introduc-
tion of modern technologies of formal and non-formal postgraduate education. The platform
is placed on the web-portal in order to provide a remote stage of professional development of
students. Educational activities are carried out on the basis of virtual departments. Each virtual
department of consists of technological and intellectual potential and resources of individual
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scientists, departments, institutes, institutions of higher education, public organizations [30].
Departments provide open access to research carried out within the specified community,

which includes: the use of remote communication; consistent formation of an educational
virtual community of specialists; marketing of knowledge and distance educational services;
protection of joint use of intellectual property of members of the virtual department; integration
of extensive educational practices into a holistic system of continuing adult education.

Currently, six virtual departments have been established, that represent the innovative digital
space for the professional development of pedagogical, scientific-pedagogical and managerial
staff of education. Virtual departments carry out scientific and practical communication of
specialists in adult education in various fields and educational institutions, consumers of educa-
tional services. Among the advantages of the virtual department are the following: participants’
awareness of each other’s need for experience and resources, pooling resources on this basis
to achieve common goals; electronic integration of the best developments; cooperation and
coordination of remote partners; the ability to respond flexibly to changes in the environment,
the labor market; implementation of interdisciplinary learning strategy; formation of flexible
study groups, the possibility of individual learning.

The innovativeness of the Web portal is that it is an electronic resource and in the same time
the open educational and scientific environment for professional and personal development of
adults.

The LMS Adult Learning platform, that is the basis of this open educational and scientific
environment, has a dynamic navigation structure of logical complexity and content that includes
various modules:

• expert council: examination and approval of educational programs, teaching materials;
providing consultations to participants of the educational process;

• virtual departments: andragogy http://uvu.org.ua/kafedra-osvity-doroslykh/,
education management http://uvu.org.ua/kafedra-upravlinnia-osvitoiu/, vo-
cational education http://uvu.org.ua/kafedra-profesiinoi-osvity/, psychology
http://uvu.org.ua/kafedra-psykholohii/, digital technologies http://uvu.org.ua/
kafedra-tsyfrovykh-tekhnolohii, New Ukrainian School http://uvu.org.ua/kafedra-nush/;

• electronic dean’s office http://uvu.org.ua/struktura/elektronnyi-dekanat/: keeping records
of students; formation of the schedule of educational process; development of schedules;
formation of study groups; document management; certificates;

• information and consulting centre http://uvu.org.ua/ikcodn/ created at the request of
teaching staff): 7x24 consultations; organization of flash courses; organization of webinars,
seminars, conferences; individual work with participants of the educational process;
marketing;

• department of scientific and methodical support: support and maintenance of the re-
source; maintenance of the educational environment; filling the web library, technical
and methodical processing of materials of short term and special courses; organization of
work in social networks; technical support of listeners;

• educational practices: acquaintance with the international experience of training or-
ganization; coverage of scientific achievements in the field of education and learning
technologies.
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Virtual departments include 62 teachers: 15 teachers from the regions, 16 – from Kyiv city,
other teachers from the university.

Technical characteristics of the virtual university:

• Availability: The resource is available 24 hours a day, 7 days a week.
• Speed of work and correctness of adjustment: the resource reacts quickly enough to the

entered inquiries, transitions between components, filling of forms of feedback; ranks first
in the list of Google sites. In order to identify errors and eliminate them in a timely manner,
a technical audit of the resource is carried out continuously. Continuous technical audit
avoids code 404, which means that the page is unavailable for any reason. Continuous
maintenance reduces the risk of search engines treating a resource as untrustworthy and
reducing its ranking or exclusion. All pages of the resource are in working order.

• Availability of ‘mirror’: the resource has a ‘mirror’ on another server, which helps to save
the audience (users) and improve its indexing.

It should be noted that the educational process is provided by training in the format of: flash
courses; special courses; webinars; digital dialogues. Currently, there are 46 special courses
and 4 flash courses. The list of special courses and flash courses in the virtual university as of
01.01.2022 http://uvu.org.ua/elektronni-resursy/spetsialni-kursy/.

Distance learning was organized for 1,137 students from 401 educational institutions in the
period from 12.03.2020 to 01.02.2021 on the Web platform LMS AdL http://uvupo.ues.net.ua.
Representatives of 23 regions of Ukraine and the city of Kyiv took part in advanced training
courses. To provide distance learning for students, it was created 50 electronic classrooms for
teachers, and 186 teaching materials have been posted in the web library. 950 people received
certificates of advanced training; 1,362 people received certificates of participation in webinars
[? ].

The Ukrainian Open University of Postgraduate Education has a page in the Facebook, which
includes 1.5 thousand regular participants and in total covers a virtual audience of about 40,000
users https://www.facebook.com/groups/217559579605133.

The originality of an innovative model of non-formal postgraduate education and Web portal
is to provide conditions for continuous professional development of teachers in accordance with
the requirements of the digital society, based on free choice of content and timing, diversification
of learning through digital technology.

5. Conclusions and recommendations

The conducted research and the presented experience of the decision on support of distance
learning allowed the authors to reach the following conclusions. The results of the teacher
surveys revealed a number of problems faced by schools, teachers and school principals in
connection with the introduction of quarantine measures in Ukraine. Threats and challenges as
signs of crisis have become a determining condition for gaining new experience and opening
new opportunities in ensuring the continuous professional development of teachers. Among
the main ones: teachers’ unwillingness to implement distance learning, gaps in knowledge
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of digital teaching tools, insufficient awareness of digital educational resources in teaching
subjects, limited access to digital resources, etc.

Particular attention should be paid to the digital competence of teachers, its constant devel-
opment, which should be provided by teacher training institutions.

New realities of education during the quarantine period prompted to search for innovation
solutions for the organization of the educational process and quality assurance of distance
learning by teachers of secondary education in the context of digital transformation in Ukraine.
We presented the Ukrainian experience in addressing the issue of teacher training not only on
digital literacy, but also on professional activities in various fields.

The presented tools of the teacher survey can be used by the heads of educational institutions
to identify problems and find solutions on the ground. The questionnaire can also serve as a
tool to identify important topics for teacher training courses. We propose to conduct a survey
of teachers on the problems of distance learning on a follow-up basis.

The experience of the Ukrainian Open University is a new solution for Ukraine and needs
further development, development and renewal. That is why we see further prospects for the
study of the problems outlined in the work in the further monitoring of the readiness and com-
petence of teachers to use digital teaching aids; in identifying problems in the implementation
of distance learning and finding more workable solutions. In our opinion, such aspects as the
creation of short courses for teachers of various subjects in digital literacy, methodological and
psychological support for teachers, motivation and encouragement to find creative solutions in
distance learning in schools need attention.
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Abstract
The problems of contemporary IT specialists’ training in terms of the high requirements to their compu-
tational thinking skills as well as the urgency of raising their motivation to mastering algorithmization
and programming are discussed in the paper. It is emphasized by the authors that initial university
courses should focus pre-service IT-specialists on the deep understanding of an algorithmic nature of
any coding task, to realize basic characteristics of the algorithms, to understand their role in modern
software development. Due to the contemporary demands, programming should rest on algorithms
building and has to be a part of lager scale experiences in order to realize its full potential. One of such
experiences offered by the authors in the paper is involving the students into specially arranged activity
focused on efficient game algorithms creation and simulation of the tournament between the algorithms.
The offered activity is elaborated based on the applying the gamification elements into the learning
process. Basing on the core gamifiaction principles, there were thought over and arranged an activity
involving the students into the creation of gamified products. In our case, the gamified product which
the students had to develop in the process of learning of algorithmization and programming was the
software platform which enables a computer simulation of the tournament between the different game
algorithms which realize winning strategies. The peculiarities and the stages of the said activity are
covered in details along with the description of the final software product. Analyzing the described
functionality of the computer simulator of the algorithms tournaments based on the gamification ideas,
we can emphasize its significant didactic facilities in the context of its using for IT-specialists training.
In particular, the developed gamified product was probed in the process of other students’ mastering
algorithmization and programming as well as of the schoolchildren training during summer IT schools.
The prospects of the research are outlined in the lines of using the obtained results for holding the
empirical research for the verification of offered activity impact on the results of IT-specialists training.

Keywords
IT-specialists’ training, computer modeling, tournament of algorithms, computer simulator, winning
strategy
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1. Introduction

Rapid growing of IT industries and their spreading in all spheres of social life needs renewing
approaches to modern computing education, which would provide national economy with
advanced IT-specialists who are able not just to develop efficient software but also have special
type of computational thinking.

In the international guidelines shaping the modern paradigms of global IT education, it
is emphasized the transformation of computing which nowadays is not a single knowledge
domain [1, 2, 3, 4, 5, 6]. According to the current state of IT education covered in the latest
Computing Curricula Series Report [5, 6], we can conclude that computing area (as a result of
rapid evolution) is not an isolated domain, but rather a family of knowledge domains which
embraces a set of fundamental and applied study areas. They go on their developing that leads
to emerging of new study areas which represent intersection of fundamental science, applied
branches of science and traditional computer disciplines. In particular, according to recent
studies, the advantages of computer science education nowadays lie in giving the students
computational thinking skills which allow them to comprehend a problem in its complexity, to
formalize it and develop possible solutions in a way understandable by a machine, a human (or
both).

On the other hand, the contemporary evidence of educational practice testifies that IT-
specialists’ training at universities is facing the problems of raising students’ motivation to
mastering algorithmic basics of coding, which is considered to be a part of computational
thinking [7]. It is defined by the psychologists [8], that computational thinking embraces four
cornerstones one of which is and algorithm developing along with decomposition, pattern
recognition and abstraction.

In this context it is important to mind that initial university courses should focus pre-service
IT-specialists on the deep understanding of an algorithmic nature of any coding task, to realize
basic characteristics of the algorithms, to understand their role in modern software development.
It is essential at this level to cultivate the students’ understanding that coding is not done in a
vacuum: just knowing a programming language does not provide you with problem-solving
skills necessary for real-life tasks. Programming should rest on algorithms building and has to
be a part of lager scale (project-based) experiences in order to realize its full potential.

One of such experiences may be involving the students into specially arranged activity
focused on efficient game algorithms creation and simulation the tournament between the
algorithms. The purpose of such an activity including the elements of gamification is to
give young developers understanding the difference between pure coding knowledge and the
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algorithmization skills that allow to use computational thinking creatively and effectively.
The aim of the paper is to represent the case of the authors’ practice of involving pre-service IT-

specialists into computer simulation of the tournament between the different game algorithms
which realize winning strategies.

2. Theoretical framework

According to a number of studies, gamification expects applying the game elements to encourage
trainees’ core innate needs for internal motivation [9, 10, 11]. These needs include, in particular:
relatedness as the universal need to interact and be connected with others; competence as the
universal need to be efficient and master a problem in a certain environment; autonomy: the
universal need to control one’s own activity.

The researchers also indicate that gamification methods are successful in fostering collab-
oration, especially when following the principles of self-determination theory [10]. It is also
emphasized that applying only rewarding aspect of gamification (badges, bonuses or other
rewards) [12], is not didactically beneficial, and instead gamification is recommended to consider
the motivation of the participants, the goals of the course and gameful design together [13].

Gamification nowadays is widely used in educational practice of coding mastering both
at school and university levels. Gamification refers to the use of game elements in a non-
game context in order to increase communication between people and computers and to solve
various problems effectively [14, 15, 16, 17, 18]. It is also emphasized that gamification can be
described as using pieces of games to motivate learners, but the real definition of gamification
involves using game-based mechanics, aesthetics, and game thinking to engage users, motivate
action, promote learning, and solve problems. However, according to studies [19, 20], mostly
gamification includes renaming grades for all assessments to “experience points” or “badges”, a
weekly compulsory and non-compulsory activities and a leaderboard, which is often integrated
with an online management tools, and including other game elements without deep influence
on the content of learning.

Along with such a common use of gamification method in programming learning, there
are some studies which demonstrate the experience of a different gamification, involving the
students into the creation of gamified products. Basing on the number of papers [17, 19], we
learnt basic principles of arrangement of such an activity on design of gamified product which
trig gamification mechanisms.

Gamification should have a special meaning for the trainees, the ability to inspire them to
master the topic (course) and it should be autonomous providing a feeling of free choice [19]. It
should also focus on meaningful victories, a sense of discovery, social interactions and include
visually pleasing elements [20].

For the potential users of the gamified product it is essential to have a personal connection
to it, they must feel that the game has a purpose for them individually (the final goal must
be one that the users wish to achieve). The users must be able to clearly see and track their
progress toward long and short term goals, in search of the final goal. To motivate the users
to achieve these goals, gamified product should implement an accomplishment-based reward
system. The prospect of winning a reward inspires users to work toward aims: the rewards
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act as self-affirmation symbols as well as allowing users to identify with a group that works
toward the same goals [21]. Leader boards should be incorporated to demonstrate the user his
achievements compared to others in the same community and also create both competition and
a sense of belonging to a similar minded group [21]. The reward system should be transparent
and designed properly so as to maximize user’s enjoyment.

It is also emphasized in the papers, that creating a gamified product it is important to mind
that gaming is an unrestricted pass-time, and main objective is to motivate the users to go on
playing the game and trying to overcome difficulties [19].

The techniques used in said research made the theoretical framework of our practical experi-
ence.

3. Computer simulator of the tournament between the different
game algorithms

Basing on the covered principles, we thought over and arranged an activity involving the
students into the creation of gamified products.

In our case, the gamified product which the students had to develop in the process of learning
of algorithmization and programming was the software platform which enables a computer
simulation of the tournament between the different game algorithms which realize winning
strategies.

The students involved in the activity are pre-service specialists of the “Software engineering”
who study the course of fundamentals of algorithmization during one term and the course of
programming during two terms. The activity which was organized in its group form was offered
to the students in the second term. So, the trainees had an opportunity to master algorithms and
coding basics; learn common algorithms properties, methods, algorithmic solutions of classical
informatics tasks etc., got familiar with some games and winning strategies for them.

On the preparation stage of the activity on creation the gamified product, the task for the
students was specified as following: to develop a computer simulator of the tournament between
the different game algorithms which realize winning strategies.

We would like to emphasize that the peculiarity of the task is to model the game process
where the competitors are different algorithms but not a computer and humans (or humans
controlled by a computer).

After the analysis of the subject domain and minding the principles of gamification (covered
above), the use case diagram was built and functional requirements to the simulator were
formulated.

In particular, the simulator has to provide users (students or schoolchildren who learn
algorithmization and programming) with the opportunities to:

• choose a game (Tic-tac-toe, Battleship or other);
• determine the pitch dimensions and other game parameters;
• add a file with user’s own algorithm which realizes the winning strategy of the game and

wants to take part in tournament;
• simulate the tournament between available algorithms detecting the winner;
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• visualize the progress of the tournament showing the moves of each participating algo-
rithm;

• provide users with the results of the tournament at the leaderboard showing the name of
the algorithm-winner;

• provide users with clear and friendly interface encouraging them to go on mastering the
algorithms developing and achieving the victory among peers’ algorithms.

After that the students were involved into direct activity on the computer simulator design.
Omitting the technical details, we could characterize the developed software as following. As

a result, the computer simulator is a cross-platform software built in Python language which was
learnt by the students within the course of programming. There were developed the modules
and functions which enable to realize all the simulator functionality formulated above.

On the whole, the simulator is composed of three executing files: design.py, scripts.py and
index.py.

The file scripts.py stores initial states of the game, default values of variables, and realized
checks of winning combinations of the games.

The file design.py contains the interface and provides the proceeding of the simulator inter-
action with a user.

The file index.py is a main file for running the simulator. In terms of non-functional re-
quirements, the user should make sure that the OS is installed Python programming language
translator version not lower than 3.8, PyQt5 modules, Numpy and additional libraries from the
list given in the requirements.txt file. For Windows, if you have a translator, just run the file
Project121 (win32) .exe.

The executable file will automatically check for availability additional libraries and will install
the missing modules. At restart, modules will no longer be loaded. If you are using the Linux
family, launch the program is carried out from the window of the terminal emulator.

After the simulator running the user is invited to choose the game for the tournament. So far,
it is realized the opportunity to hold the algorithms tournament for Tic-tac-toe and Battleship
games (the others are being developed).

After the game choosing, the proper game’s window is opened where a user can specify
the parameters of the game. For example, after choosing the Tic-tac-toe game (figure 1), it is
possible to set:

• the dimensions of the pitch where the algorithms will “play” (width and length which are
integers less than 20),

• the number of figures in row to win (an integer that is not greater than minimum value
of width and length),

• the number of rounds where a round is made by two games which differ by the first move
of the algorithms that are competing.

In order to start the tournament, the user can choose the existing algorithms in the simulator
or add his own algorithm realizing his own winning strategy. On this stage of the tournament it
is possible to set up the speed of the algorithms visualization and switch on step-by-step mode
of their realization.
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Figure 1: Tic-tac-toe game initial window where a user can set the game parameters.

The tournament on the comparing of winning strategies can start on condition of existing
two or more algorithms. In order to add their own algorithm in the simulator to take part in
the tournament, a user has to create file *.py with the developed function called Algorithm,
according to the certain format. In particular, the function must depend on five parameters
(matrix, height, width, player, winCount), where:

matrix — matrix (height, width), in which each element matrix[i][j] takes the value 1, if
nobody has taken this cell yet, else this element of matrix will take proper symbol (“x” or “o”),
latin symbols type;
height — height of the pitch, int type;
width — width of the pitch, int type;
player — the value which is put in the cell of the pitch by this algorithm, in other words, the

value determines the type of this player (“x” or “o”);
winCount — the number of figures (“x” or “o”) in row which are necessary to win, int type.
The user’s function contains the algorithm of winning strategy: it has to process the data

sending via its parameters, make a move (change one empty cell of the pitch (matrix)), and
return a new state of the pitch. The format of the function with its example is provided by the
simulator in special Help section for a user.

When the file *.py with the developed function Algorithm is ready, a user can add his algorithm
to take part in the tournament via the button Add algorithm (figure 2). The episode of algorithm
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adding is shown in the figure 3.

Figure 2: Tic-tac-toe tournament at the stage of choosing the algorithms and parameters of their
visualization.

Figure 3: The episode of algorithm adding to take part in the tournament of algorithms.

Then a user can run the tournament with his algorithm participation.
Thus, the developed software provides the simulation of the algorithms tournament for the

chosen game by comparing the algorithms’ winning strategies.
The progress of the game is visualized in chosen speed showing the moves of each participat-

ing algorithm.
Finally, the simulator provides users with the results of the tournament at the leaderboard

showing the name of the algorithm-winner.
The simulation of tournaments for Battleship game was realized by the students in similar

way which gives potential users similar opportunities as for their algorithmic skills working
out (figure 4).

However, the user has to create and add the file with two developed functions: shipsPlacement
(which determines ships location) and Algorithm (which realizes the winning strategy).

It is important to emphasize that during the simulator developing the students had to test the
work of their software on their own samples of algorithms as well as on the other their peers’
algorithms. It made students themselves be involved into game activity testing gamified product
and besides that, allowed them to involve other students into the process of creation of the
algorithms which realize winning strategies for famous games. This circumstance showed great
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Figure 4: The episode of the tournament of the algorithms for the Battleship game.

benefit of gamification techniques using in the mastering of the said courses in their different
variations.

Thus, as a result of the involving the students into specially arranged activity focused on game
algorithms creation and development of simulator of the tournament between the algorithms we
could conclude the impact of such an activity on the forming trainees’ computational thinking.

It was prepared by us special program of monitoring the students’ activity during different
stages of their work upon the simulator including its testing and preparing the user’s guidelines.
Our monitoring, according to this program, testified raising the students’ motivation and
tendency to comprehend the essence of algorithms building. As it was predicted, we could
notice their growing understanding of the role of algorithmization skills in the process of coding.

In addition, we held the survey which aimed at revealing students’ hindsight and reflexion of
their work upon the simulator. The survey included the set of questions and tasks, such as:

(1) How do you estimate your degree of attraction of algorithms basics in the progress of
developing the said gamified product (according to the given scale)?

(2) Did you change your mind on the value of the fundamental knowledge on algorithms for
coding? In which way?

(3) How do you estimate your level of engagement in analyzing feedback of your activities
(according to the given scale)?
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(4) What experience (besides alorithmization and coding) did you earn during the work upon
the gamified product?

(5) How far does this experience seem to be essential for your future career?, and others.

Characterizing in brief the results of the survey, we can emphasize the following. 75% of the
trainees agreed that the developing of gamified product encouraged them to attract algorithms
basics in more concentrated way. Over the half of the students admitted changes in their
understanding of practical value of the abstract fundamental knowledge. They also said that
they were more engaged in analyzing feedback for activities in order to improve and earn
more experience in the future. Finally, about 80% of the students admitted that such an activity
provided them with precious experience of team work and communication with potential users.

The obtained results of our monitoring and survey may be taken as a basis for holding
the empirical research for the verification of the offered activity impact on the results of IT-
specialists’ training, which makes a prospect of our research.

4. Conclusions

The problems of contemporary IT specialists’ training in terms of the high requirements to their
computational thinking skills as well as the urgency of raising their motivation to mastering
algorithmization and programming are discussed in the paper. It is emphasized by the authors
that initial university courses should focus pre-service IT-specialists on the deep understanding
of an algorithmic nature of any coding task, to realize basic characteristics of the algorithms, to
understand their role in modern software development. Due to the contemporary demands,
programming should rest on algorithms building and has to be a part of lager scale experiences
in order to realize its full potential.

One of such experiences offered by the authors in the paper is involving the students into
specially arranged activity focused on efficient game algorithms creation and simulation of the
tournament between the algorithms. The offered activity is elaborated based on the applying
the gamification elements into the learning process.

Basing on the core gamifiaction principles, there were thought over and arranged an activity
involving the students into the creation of gamified products. In our case, the gamified product
which the students had to develop in the process of learning of algorithmization and pro-
gramming was the software platform which enables a computer simulation of the tournament
between the different game algorithms which realize winning strategies.

The peculiarities and the stages of the said activity are covered in details along with the
description of the final software product. Analyzing the described functionality of the computer
simulator of the algorithms tournaments based on the gamification ideas, we can emphasize
its significant didactic facilities in the context of its using for IT-specialists training. In partic-
ular, the developed gamified product was probed in the process of other students’ mastering
algorithmization and programming as well as of the schoolchildren training during summer IT
schools.

The prospects of the research are outlined in the lines of using the obtained results for
holding the empirical research for the verification of offered activity impact on the results of
IT-specialists’ training.
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Abstract
The aim of the study is to build a model for the introduction of STEM education in institutions of
general secondary education, to demonstrate the experience of using ICT in STEM education. Research
objectives: to determine the role and place of information and communication technologies in the model
of introduction of STEM education in general secondary education institutions for the formation of
key competencies; to find innovative solutions to create conditions that will promote the interest of
student youth in the choice of STEM professions. Object of research: the model of the introduction of
STEM education in institutions of general secondary education Subject of research: information and
communication technologies in the model of introduction of STEM education in institutions of general
secondary education as a component of the school educational environment. Analysis of scientific
publications makes it possible to determine the role and place of ICT in the model of introduction of
STEM education in general secondary education institutions. The presented experience of the systemic
implementation of STEM education in general secondary education institutions allows the formation
of professional competencies of teachers in the field of STEM education and can be useful in their
professional activities. The study shows that the systemic implementation of STEM technologies in the
educational process increases the effectiveness of training, the level of motivation of participants in the
educational process and the quality of knowledge in the subjects of the natural science cycle, and also
contributes to the formation of key competencies of students.

Keywords
STEM, STEM education, ICT, STEM education implementation model, digital services, augmented reality,
virtual reality, key competencies

1. Introduction

STEM is a popular trend of education that encompasses the natural Sciences, Technology,
technical creativity (Engineering) and Mathematics. This is a direction in education, in which
the curriculum enhances the science component in combination with innovative technologies
[1].
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The key characteristics of STEM education’s educational activities consist of the following
features: integration of science, technology, engineering and mathematics; organization of
educational activities based on the system of learning progression; providing contextual learning;
innovation-based learning; organization of activities focused on designing and solving problems;
use of authentic and formative assessment [2].

The tasks of STEM education are: formation of skills for solving complex practical problems,
critical thinking, creative qualities and cognitive flexibility, organizational and communication
skills, ability to assess problems and make decisions, readiness for conscious choice and mastery
of future profession, financial literacy, holistic scientific worldview, values landmarks, general
cultural, technological, communicative and social competencies, mathematical and natural
literacy; comprehensive development of personality by identifying its inclinations and abilities;
mastering the means of cognitive and practical activities; upbringing of a person who strives
for lifelong education; formation of skills of practical and creative application of the acquired
knowledge.

The main advantages of STEM education:

• the opportunity to develop ingenuity and creativity, which leads to new ideas and inno-
vations;

• ensuring the sustainability of learning in a safe environment;
• encouragement of research and experimentation;
• encouraging students of all ability levels to work together in a team environment;
• encouraging the application of knowledge and skills that can be used in the real world;
• encouragement to use technic and innovative technologies;
• formation of problem-solving skills;
• encouragement to adapt to different scenarios [3].

Working with STEM is often called the work of the future as the sector continues to grow.
According to the 2018 US News and World Report, students study STEM fields twice as often

as their parents, and 52 percent of parents surveyed believe that the number of STEM jobs in
the United States will increase significantly in the coming years. Two out of five Americans say
that the shortage of STEM workers is at a “crisis level” in the United States, and there is a need
for more people to take on such roles. The distribution of demand for specialists in the fields
of STEM, according to the Bureau of Labor Statistics of the United States in 2018 is shown in
figure 1.

Science and industry are experiencing an acute shortage of IT specialists, programmers,
engineers, specialists in high-tech production of bio- and nano-technologies.

State STEM education programs have been adopted in Australia, China, Great Britain, Israel,
Korea, Singapore, and the United States to meet such requests.

Strengthening the role of STEM education is one of the priorities of modernization of educa-
tion, an integral part of public policy to raise the level competitiveness of the national economy
and human development capital, one of the main factors of innovation in education, that meets
the demands of the economy and the needs of society [4].

40



Figure 1: The distribution of demand for specialists in the fields of STEM, according to the Bureau of
Labor Statistics of the United States in 2018.

2. Related work

A brief overview of the history of the STEM and STEAM is presented in [5]. This article traces
a history of STEM and STEAM. It also provides an assessment of the risks inherent in current
trends of STEAM roll-out in schools, from the lack of resources for professional development.

Review the implementation of STEM Education models in the early 21st century is presented
in the work [6].

The aim of the study by Gencer et al. [7] is to explore integrated STEM models at theoretical
level based on the literature examination about integrated program approaches.

The study of Li et al. [8] probes into the localization of STEM education based on the present
situation in China. In the educational model of “STEM education + creator”, this study finds
out the model of integrating STEM education into the talent cultivation process by means of
creator space.

Kramarenko et al. [9], Midak et al. [10], Semerikov et al. [11], Shapovalov et al. [12, 13, 14,
15], Shyshkina [16], Slipukhina et al. [17] define the conceptual and categorical apparatus on
various aspects of STEM education, cover the introduction of STEM technologies in educational
institutions.

Analysis of models of integration of formal and non-formal STEM education in Ukraine
is offered by Polikhun et al. [18]. The authors reveal the features of the educational STEM
environment and offer methodological approaches to the organization of STEM projects.

Sharko [19] considers the methodical problem of teaching students STEM disciplines.
Morze et al. [20] analyzes modern views on STEM education and features of its introduction

into the educational process, the impact on student motivation; demonstrated the need to
prepare students for the skills of the twenty-first century through the introduction of STEM
education, starting from primary school. The key and subject competencies that can be formed
in children while learning the basics of robotics are described.

Theoretical and practical aspects of informatization of education, in particular the use of
information technology as one of the areas of implementation of STEM education, studied by
Fedorenko et al. [21], Hlushak et al. [22], Morze and Kucherovska [23], Morze and Strutynska
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[24, 25], Morze et al. [26, 27], Ramsky and Rezina [28], Semerikov et al. [29, 30], Spirin et al.
[31, 32].

Erasmus+ project “STEM in Education” aims to encourage and inspire teachers of STEM –
science, technology, engineering and mathematics – to teach using supporting Information and
communications technology (ICT) [33].

Erasmus+ project entitled “Inclusive STEM Education to Enhance the capacity to aspire and
imagine future careers” (I SEE) designs innovative approaches and teaching modules to foster
students’ capacities to imagine the future and aspire to STEM careers. The goal is not only to
develop professional skills but also to foster students’ identities as capable persons and citizens
in a global, fragile and changing world [34].

The STEMkey Erasmus+ project “Teaching Standard STEM Topics with a Key Approach to
Competence” develops training modules that are used in higher education programs for future
STEM teachers, which transforms the learning abilities of future STEM teachers [35].

A large number of international scientific and practical conferences (Conference of Space
Research Educators, STEM Annual Educational Conference, California STEAM Symposium,
STEM Solutions Conference) confirms the relevance of STEM technologies in education and
the interest of the scientific community in these innovative issues.

In Communal Higher Educational Establishment “Kherson Academy of Continuing Education”
of Kherson Regional Council there is an extending experience in teachers’ trainings in STEM
education [36].

3. Problem setting

Education reforms in the field of science, technology, engineering and mathematics (STEM) are
especially important for the competitiveness of Ukraine and other countries of the world.

In modern conditions of technology development, the issues of practical implementation of
STEM approaches in education are relevant, in particular, the problem of the development of an
information educational environment is one of the key ones.

The object of the research is the model of introduction of STEM education in institutions of
general secondary education.

The subject of research is the information and communication technologies in the model of
introduction of STEM education in institutions of general secondary education as a component
of the school educational environment.

The purpose of the article is to build a model for the introduction of STEM education in
institutions of general secondary education, to demonstrate the experience of using ICT in
STEM education.

Research tasks:

• to analyze the main features and benefits of STEM education;
• to build a model for the introduction of STEM education in institutions of general sec-

ondary education;
• to determine the role and place of information and communication technologies in the

model of introduction of STEM education in institutions of general secondary education
for the formation of key competencies;
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• to find innovative solutions to create conditions that will promote the interest of student
youth in the choice of STEM professions;

• to demonstrate the experience of using ICT in STEM education in the practice of modern
educational institutions, to summarize the obtained data and provide conclusions.

4. Model for the introduction of STEM education in institutions
of general secondary education

The main conditions for the development of STEM education in secondary school are:

• development of values to achieve a common goal;
• team and leaders;
• STEM education model;
• STEM education development plan;
• learning and gaining new experience;
• expanding the circle of like-minded people and presenting the results.

The model for the Introduction of STEM Education in Institutions of General Secondary
Education is presented in in figure 2.

Figure 2: The model for the introduction of STEM education in institutions of general secondary
education.

For the systematic implementation of STEM education in the institution it is necessary to:
study the approaches and features of modern STEM education; introduce a policy of transfor-
mation of the institution with STEM; develop a strategy and implementation plan; determine
resource provision and indicators.
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The purpose of introducing STEM into the educational process: the formation of key compe-
tencies of students.

One of the most important components of the model for the introduction of STEM education in
general education institutions of secondary education is the formation of a circle of like-minded
people among the administration, teachers, students and their parents, including through joining
the STEM Girls communities, the formation of a STEM family, professional development of
teachers (participation in webinars, trainings, contests, olympiads).

Information and communication technologies act in STEM education both as a subject of study
and as a means of teaching. Therefore, the creation of a unified information and educational
environment that ensures the management of the educational process, the exchange of ideas
and thoughts, and joint work on projects is a prerequisite for the implementation of STEM in
an educational institution.

Such an environment includes:

• STEM laboratories with appropriate equipment (computers, tablets, electron microscopes,
3D printers, robotic constructors and platforms, etc.);

• software (distance learning systems, mobile applications, augmented and virtual reality
applications, e-learning resources, cloud environments, etc.);

• methodological support (methods, forms, teaching aids: textbooks, manuals, didactic
materials, etc.).

Changes should take place in all areas of activity of the educational institution: creation
of infrastructure; content and assessment of student achievement; teacher training; ensuring
continuous monitoring [37].

5. Practic ICT and current trends in education

In the conditions dictated by modernity, it is necessary to “keep an eye on the pulse” of new
technologies. The development of society, science and technology puts the education system in
front of the need to use new tools, forms and methods of teaching. The modern world dictates
new rules that require students: critical thinking, communication, creativity and teamwork.
Departure from old projects in the form of printouts to improvements, modern multimedia
projects, ready-made products that students do themselves.

Students in the classroom should be able to implement the idea with further refinement and
improvement. Proceed from the framework of standard and established concepts and show
creativity. Teachers need to prepare children not just for monitoring, not for performance, but
for a successful future.

The test for many was distance learning, which forced them to quickly adapt to work in
the digital world. Teachers also faced the issue of distance work on an individual trajectory,
finding tools to become distant assistants to students, support the learning process and increase
motivation to work.

Information and communication technologies have radically transformed the educational
space, qualitatively changed the environment, opened new opportunities and became a basic
system forming factor in the development of education. Smartphones are simply indispensable
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assistants in learning. And it’s not just the use of e-classrooms through applications (such as
Classroom, Universe, Matific), but also a lot of creative opportunities. It’s no secret that the use
of Qr-codes, augmented and virtual reality is now becoming popular. At the time of available
technologies, it is not difficult to master and use them. Qr-code has firmly taken its place in
education. The practice of use is also in new textbooks, notebooks, including the publishing
house “Ranok”, which provide electronic support and place access to electronic simulators near
the test papers (the student has several attempts and the opportunity to download or send the
result to the teacher).

Augmented reality technology promises to be no less common in education. It is becoming
very popular nowadays, and we are showing more and more interest in it. Encyclopedias,
fairy tales, and educational literature already contain “hidden worlds”. Mobile applications are
happy with the variety [38]. Augmented Reality (AR) technologies are able to project digital
information (images, videos, text, graphics) outside the screens of devices and combine virtual
objects with the real environment [39]. Virtual Reality (VR) with the help of a 360° image
transports a person to an artificial world, where the environment is completely changed [40].
You can get acquainted with augmented reality with just a smartphone, but to dive into the
virtual space you will need a special helmet or goggles [41].

These immersive teaching methods can potentially become a key tool in education and
revolutionize the learning of both schoolchildren and students. Teachers can use virtual and
augmented reality for students to interact with different objects in three-dimensional space
[42].

Importantly, the introduction of elements of STEM education helps to form the following
competencies: information, lifelong learning, initiative and entrepreneurship, social and civic,
mathematical, information-digital and basic competencies in science and technology.

Unfortunately, some teachers are still apprehensive about adopting STEM approaches in
education to their own arsenal. There are certain fears, “myths” and stereotypes. It is necessary
to start attracting new educational trends with the “education” of the leadership in this matter,
the involvement of activists. Get acquainted with the experience of implementation practitioners,
analyze and choose your own implementation model.

6. Experience of STEM implementation in school

The path to STEM education at Rakivskiy institution of complete secondary education began
with a combination of information technology, mathematics and art. Thanks to the knowledge
and skills acquired through self-education and refresher courses, teachers introduce students
to new trends in education: qr-code, cloud services, e-testing, learn to create e-textbooks and
deepen their knowledge in STEM.

To deepen their skills, engage students in IT, and prepare for success, they have been trained
and instructed in the Cisco Sandbox. The Network Academy not only gives a start to successful
IT specialists, but also prepares conscious users, for whom, in our opinion, the future of STEM
education.

The model of realization of STEM education became the own “formula of success”, which
helps to encourage students to independent and creative activity, provides attraction of “atypical”
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forms of work.
Modern tools: online tests, online Olympiads (“Na Urok”, “Vseosvita”, interactive school

“Ranok”), Google applications, Microsoft Education opportunities, platforms “Matific”, “My
Class” and others help to motivate, raise interest in students, consolidate time in class and are
excellent helpers for teachers in preparing for class. Implementation practice includes not only
the use of modern educational learning platforms during classes, but also the use of: mobile
applications, augmented and virtual reality, makering and design.

The use of educational programs, opportunities for virtual learning space, classes in the
sandbox of the Cisco Network Academy (IoT and Cybersecurity course) enhances the prestige
of rural schools, allows to take into account the eco-component, financial literacy and to use a
gamified approach to learning.

Work on the implementation of ICT in Rakivskiy institution of complete secondary education
began in 2018 with a pilot project of using the Electronic Educational Resource “MyClass” [43].
Rakivskyi institution is one of the 100 schools in Ukraine that have started implementing this
resource. The resource has in reserve most of the school subjects, designed not only for work
in the classroom, but also at home, monitoring, activity tracking and an interesting system of
TOPs. The percentage of students involved on the platform exceeds 60%. Students actively work
on the platform, compete with each other, organize competitions between classes, in addition
to grades, they also have the opportunity to receive awards (“MyClass” diplomas for first places
in the TOPs). It is nice that parents and teachers are also interested in the resource. As a result,
the leading 3rd place among users-institutions of the Kherson region.

A year later, the school’s mathematics teachers began to actively use platforms such as
Geogebra (for students in grades 7–11) and Matific (for students in grades 5–6, a digital math
platform developed by education experts) to help implement practical application of knowledge
in an interesting and cognitive form (figure 3).

GeoGebra is more than just a free dynamic geometric environment [44, 45]. The use of this
tool makes complex drawings interesting and clear, “dry” mathematical processes – turns into
almost scientific work. Especially children like working with 3D scenes, the ability to “explore”
objects in full, for example, working with applications in geometry lessons, when studying
geometric bodies and constructing their cross sections. A rather complex topic becomes more
accessible, it saves time for understanding and helps in application, acquisition of skills. The
processes are no longer boring, and children are given the opportunity to put into practice the
acquired knowledge.

The Matific training platform, recommended by the Ministry of Education and Science
of Ukraine, provides for three ways of use: assignment of tasks and tracking of successes;
individual topics; use of planned tasks. The system allows you to work not only with interesting,
interactive tasks, but also to move your own learning trajectory, gives the opportunity to
compete in the “Arena” with classmates from around the world in mathematical dexterity. It
has a good system of motivation, so students not only work on lessons, do homework (15–20
minutes), but also conquer bonus missions, find time for additional work, which brings success
that is very pleasing.

Matific uses game principles to encourage students to learn through discovery, and has
tools for teachers, including worksheets, lesson plans, and real-time reporting. The program
is available not only online but also offline. The system works in a browser and can also be
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Figure 3: Using the GeoGebra environment to build models in geometry lessons.

downloaded as a mobile application (separate versions for teacher and student). It is possible to
update the database to receive tasks and send results. Children like this form of activity, they
are actively involved in the opportunity to work with the platform (in lessons and homework).
The institution uses a platform for students of 2nd, 3rd, 5th and 6th grades. Matific provides an
exciting opportunity to learn mathematical concepts that previously frightened and “disobeyed”.
It’s fun, rewarding and open to all students (figure 4).

Figure 4: Using the Matific environment in Math lessons.

In addition to mastering learning platforms, the possibilities of QR codes are used: setting up
access to students’ electronic classrooms, for registration for quests, courses, etc., placement of
schedules, applications, instructions and assessment of tasks. Such an organization is convenient
and practical for both students and teachers (figure 5).
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Figure 5: Using the QR codes in learning materials.

An additional motivation is the attractiveness of color and shape and the use of link abbrevi-
ations (which make it possible to monitor the work with codes). Students have quick access to
learning materials and do not spend time searching and entering long links.

The use of Google Classroom allows you to organize activities in offices, set up joint activities
[46], and is a tool for extracurricular activities, such as web investments. Google Classroom can
combine several tools in one activity. For example, the Da Vinci Footprints website provides an
opportunity to learn about machines of a well-known kind, offer augmented reality research
(augmented reality supplement for Da Vinci Machines AR), travel the Internet, and present a
real test of the invention, the Challenge of Creation [47].

The Google Classroom provides a wide range of related tools and extensions that automate
routine operations, help diversify, and support the learning process.

An important aspect of the implementation of STEM education is the continuous professional
development of teachers. Thus, teachers mastered the course on the secrets of distance learning
“NonStop Education” 2.0 and Pitch “Immersion” in STEM at the Kherson Academy of Continuing
Education. Workshops on the use of web tools in distance and blended learning and a course
on immersive technologies were also useful.

Augmented and virtual reality applications play an important role in education. Augmented
reality makes it possible to interact with the subject, to explore the properties that are useful not
only in the study of mathematics (spatial figures), but also in the study of biology (cell structure,
the structure of the human body).

Quiver – 3D Coloring App allows you to “revive” the child’s colored coloring pages. The
database contains images of plant and animal cells, maps, images of sea creatures, volcanoes
that can be used in educational training. The appendix also contains materials useful for
mathematicians: Platonic solids and materials for the study of magic numbers [48]. Quiver
– 3D Coloring App is used in lessons I Explore the World (New Ukrainian School) and in
extracurricular activities (figure 6).

A digital microscope is used to carry out research in STEM projects. The eyepiece through

48



Figure 6: Using augmented reality applications.

which the object is observed has been replaced by a digital camera. Objects of natural origin
are used for research; objects man-made; objects are studied, compared and their properties
are distinguished. The studied objects are displayed on a personal computer monitor or on a
projection screen, which allows you to perform research in group work, developing skills of
teamwork. Digital microscopes can be used at different stages and types of lessons. Students
have increased motivation and cognitive activity. Photos and videos taken during the work are
used for editing videos, creating educational projects in computer science lessons (figure 7).

Figure 7: Using a digital microscope in STEM projects.

Cisco sandbox classes are conducted under the guidance of an instructor. The Cisco Network-
ing Academy provides access to computer science courses for teachers and students. Thanks to
the capabilities provided by Cisco, students can work without special equipment.
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The All-Ukrainian action “STEM Spring 2020” provides access to courses of different levels of
difficulty: from a beginner who works with ready-made devices, to a user who is able to model
physical space, program IoT work and is interested in competitions. Packet Tracer simulator
can be downloaded from the website. Students learn to model smart devices, program, create
models of houses, rooms, etc.

Involvement in All-Ukrainian activities, in particular the marathon “Girls power tech” and
the master class “ANYONE CAN CODE”, which gives an opportunity not only to study inter-
estingly, acquire useful skills, but also to receive awards of success, plays an important role in
strengthening students’ motivation for STEM technologies (stylish certificates, digital badges,
valuable gifts).

Students are involved in learning the basics of programming through the use of wireless
single-board computer Makeblock HaloCode, which the institution received as a result of
winning the ideas of Hackathon 2019. Makeblock HaloCode is a single-board computer with
built-in Wi-Fi for programming (includes a wide range of electronic modules). HaloCode offers
a variety of features for working with AI & IoT applications with a few mouse clicks; it makes
learning programming easy, fun and interesting. HaloCode allows you to use IoT applications
and create simple, home devices. Provides access to the microphone module and support for
Microsoft Cognitive Services. Sensors allow the use of HaloCode for the implementation of
STEM projects [49].

Since 2020s, the direction of robotics has developed. Students use Makeblock and Arduino
technologies in integrated stem projects, studying physical laws, programming, mathematics
[50].

The use of the above-mentioned tools is good in combination, most of them are not limited
to a specific subject or cycle of lessons. The success of STEM education lies in a comprehensive
approach. However, ICTs are an important catalyst for the effective implementation of STEM
education.

Analysis of the results of the implementation of STEM technologies for 3 years allows to
identify an increase in performance and motivation to learn. The use of ICT helped to involve
students in active work and mastering the subjects of the natural-mathematical cycle. Thanks to
the method of blended learning, the “flipped classroom”, which began to be implemented from
the 201-8-2019 school year, the students of the institution were ready to work under quarantine
restrictions. Educational platforms, remote classes such as google classroom and webinar rooms
were common-place. The only obstacles were limited access to quality internet coverage and
difficult technical conditions in some families due to financial constraints. Indicators show that
the use of ICT in the classroom helps to increase the level of academic achievement in distance
and blended learning. For example, we offer monitoring of educational activities in mathematics
(table 1, figure 8).

The result of active work with STEM directly is the victory in the competitions “Na Urok”,
“Vseosvita”, “Kangaroo”, the diploma of the most active STEM Girls Branch 2020.

As part of the cooperation, the official status of the STEM Girls Branch was confirmed, and a
Cooperation Agreement was signed with the Center for the Development of Corporate Social
Responsibility – STEM Girls Community to strengthen and develop educational and scientific
activities, including for further development and implementation of STEM education in Ukraine;
Cisco Academy opened in the institution; the strategic plan of the Rakivskiy institution for the
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Table 1
Monitoring the quality of mathematics studies in the institution.

Level 2017–2018 2018–2019 2019–2020 2020–2021

Initial 15% 15% 14% 14%
Average 62% 57% 49% 46%

Sufficient 23% 23% 35% 36%
High 0% 5% 3% 5%

Quality of knowledge 23% 28% 38% 41%

Figure 8: Monitoring the quality of mathematics studies in the institution.

next years is created.
An important condition for the implementation of STEM education is the presence of a team.

The activity of a team of like-minded people allows you to find funding, develop and develop. To
spread the experience, it is necessary to constantly cover the work on the site of the institution,
to keep a blog so that the community monitors the success of the institution. It is necessary to
promote STEM education, make it attractive for students and parents, overcome stereotypes
and attract as large an audience as possible. Therefore, the institution: created its own YouTube
channel; the page of the STEM family of the institution was published on Facebook; published
the page of the STEM Girls Branch in social networks Facebook, Instagram (rakivkastream) and
Tik-Tok (@girls_stem).
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7. Conclusions and outlook

To prepare a successful graduate, it is necessary to develop life competencies, and the main
conditions for their development are the formation of reading, mathematics and competence in
the natural sciences. We consider it important to form a STEM family, which unites a community
of teachers, children and their parents, helps to implement the idea of holding STEM weekend,
STEM camps during the holidays, which includes involving all participants in the educational
process in active STEM activities. Disclosure of the benefits of STEM and the destruction of
gender stereotypes can enhance career guidance for choosing STEM professions.

For the effective implementation of STEM education it is necessary: development of scientific
and methodological support and introduction of modern teaching aids; training and advanced
training of scientific and pedagogical workers; expansion of the network of regional STEM
centers; conducting scientific and applied research; analysis of the dynamics of STEM education
development, identification of problems and forecasting of further tendencies of STEM education
directions implementation [4].
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Abstract
Synergetics as a scientific area of research is in demand by society. The context of synergetics makes
it possible for scientists of different specializations to interact fruitfully in the language of systematic
understanding and search for new solutions. The presented work raises the question of how the theory
of self-organization can help in the reformation of the higher education system, why this is relevant, and
what can lead to the training of both teachers and students within the framework of an interdisciplinary
approach. In the future, we will highlight the most important characteristics of complex systems and the
simplest and at the same time conceptually simplest methods for analyzing complexity. As part of the
complex systems modeling course, which will first be presented to students of physics and mathematics,
and then, possibly, to students of other specialties, we present signals of seismic activity, gravitational
waves and magnetic activity, and demonstrate how we can identify critical or crash phenomena in such
systems. This kind of analysis can serve as a good basis for the formation of professional skills and
universal competencies.

Keywords
synergetics, complex systems, non-equilibrium, self-organization, interdisciplinarity

1. Introduction

In 2021, Syukuro Manabe, Klaus Hasselmann, and Giorgio Parisi were awarded the Nobel Prize
in Physics “for groundbreaking contributions to our understanding of complex physical systems”
[1]. That is a sign that the study of complex systems is of paramount importance. Nevertheless,
we need to deal with the problems of their implementation in the educational process.

The education system in the world today is in a state of crisis. This is evidenced by the fol-
lowing trends: a further increase in the number of illiterate people in the world; the widespread
decline in the quality of education; the growing gap between education and culture, education
and science; alienation of the student from the educational process.
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This situation in the world at the present stage makes the problem of finding a new paradigm
of education urgent, since the possibility of sustainable development of society, successful
overcoming of global problems, regional and national conflicts characteristic of the present
time of the development of civilization is closely related to the achieved level of education of
all members of society [2]. But the education system is always based on a certain scientific
understanding of the world and man, which determines the goals and objectives of education,
its content, principles and methods.

The heyday of education in the XVII-XVIII centuries, which happened through the develop-
ment and spread of classical mechanics of the New Time, led to the determination of the picture
of the world, where the studied elements are unchangeable, and the laws of classical mechanics
are universal and apply to all types of motion of matter.

In such a world there was no place for chance, and irreversibility and probability were usually
associated with the incompleteness of knowledge. In this case, each phenomenon has a cause
and at the same time there is a cause of other phenomena. Cause and effect form a chain that
comes from the past, permeates the present and disappears in the future. This meant that all
the processes taking place in the world were predetermined and led to the search for initial
elements, having discovered which, it is possible to accurately predict the future.

Therefore, such ideological and methodological principles as rationalism, determinism, mech-
anismism and reductionism began to dominate in scientific knowledge, which also had a decisive
influence on the education system: on the forms of knowledge acquisition, presentation of
material, organizational principles of education.

The discovery by synergetics of the processes of self-organization in inanimate nature
clearly shows that the transition from disorder to order, accompanied by the emergence of
self-organization and stable structures, the replacement of old structures with new ones oc-
curs according to specific internal laws inherent in certain forms of the movement of matter.
Ultimately, it is the qualitative and quantitative criteria of self-organization that characterize
the level of complexity and perfection of the corresponding forms of movement [3]. Based
on these ideas, it is possible to develop a classification of types, forms, properties of matter
according to their degree of complexity, perfection of organization, and thereby the degree
of development. In this regard, development itself appears as a very complex, self-organizing
process of movement from simple to complex, from less organized and perfect to more organized
and perfect. In other words, development, in contrast to the movement that characterizes any
changes in general, acts as a directed change associated with the emergence of a new one.

The post-non-classical stage of the development of science shows that rigid determinism
and reductionism, which serve as the basis of the mechanistic view of the world, cannot be
considered as universal principles of scientific knowledge, since an extensive class of phenomena
and processes does not fit into the framework of linear, equilibrium and reversible schemes. In
the world around us, a very real irreversibility plays an essential role, which is the basis of the
majority of self-organization processes. Reversibility and rigid determinism in the world are
applicable only in simple limiting cases, and irreversibility and randomness should be considered
not as an exception, but as a general rule.

To integrate the synergetics approach into the educational process, it is important to instill
in students ways of setting and solving problems of being and developing complex systems
in various spheres: economic, social, natural, etc. It is equally important, at the beginning of
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studying the methods of studying complex systems, to instill in students at first or repeat with
them the concepts of self-organization, chaos, destructive phenomena, to voice the difference
between complex and complicated systems, etc.

Complex systems are a field of research that is now acquiring the characteristic features of a
well-formed area of science with its own object, conceptual apparatus, and methods of analysis
[4]. The concept of a complex system is gradually becoming one of the fundamental concepts of
modern science, or, more broadly, it is increasingly appearing in a general cultural context. The
expansion of the scope of application of this concept, as well as the identification and awareness
of an increasing number of phenomena where it is applicable, causes difficulties in its exact
definition. Although the science of complex systems covers a broad interdisciplinary field of
research, the methods and concepts of physics (dynamical systems theory, quantum mechanics,
statistical physics) are central to it.

So, the processes of self-organization in non-equilibrium conditions correspond to the di-
alectical interaction between chance and necessity, fluctuations and deterministic laws. Near
bifurcations, the main role is played by chaos, randomness, while deterministic connections
dominate in the intervals between bifurcations. The ways of development of self-organizing
systems are not predetermined. Probability appears not as a product of our ignorance, but as an
inevitable expression of chaos at the points of bifurcations. This means the end of the classical
ideal of omniscience and creates the need to revise the principle of mechanical rationalism as
the dominant scientific explanation of reality. The traditional education system, based on the
principles of classical science, cannot effectively fulfill the role of a means of mastering the
world by a person.

Hence, there is a need to integrate the principles and ideas of the complex systems paradigm
in the sphere of education.

2. Analysis of previous studies

Analysis of scientific sources and publications shows that today there is an opinion that syn-
ergetics could provide significant assistance in the search for a new paradigm of education.
A synergistic approach to understanding patterns operating in nature is associated with the
names of Haken [5, 6, 7, 8], Haken and Schiepek [9], Nicolis and Prigogine [10], Prigogine and
Stengers [11, 12], Prigogine [13, 14]. Some scientists believe that synergetics, as a theory of
self-organization of complex systems, describes the general (common) that is in their develop-
ment, education is a complex system, and therefore synergetics, which today is developed by
various branches of scientific knowledge, necessarily becomes its new philosophy. However,
despite the existence of a sufficient number of works devoted to the application of synergetics
in various spheres of human activity, the methodological and practical context of synergetics
in the philosophy of education remains insufficiently developed. This is especially true for
applying a synergistic approach to understanding the higher education system.

When forming interdisciplinary specialists, a significant component may be the humanita-
rization of education [15]. It is humanitarization that is designed to provide an educational
synthesis of humanitarian, technical and natural science disciplines based on multi-level in-
tegration of the entire complex of knowledge. The growing trend of all scientific knowledge,
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which manifests itself in the transition from focusing on individual disciplines studied in the
course of higher education, to strengthening interdisciplinary ties, requires qualitatively new
approaches to the content of education and reorientation in teaching. Humanitarization and
interdisciplinarity of education involve not only the intensive introduction of humanities disci-
plines into purely technical higher educational institutions, but also the enrichment of Natural
Science and technical disciplines with material that reveals the struggle of scientific ideas, the
human destinies of scientists-discoverers, the dependence of socio-economic and scientific
progress on personal and moral qualities of a person, his creative abilities. In contrast to the
traditional interdisciplinary approach in education, the goal is not only to provide knowledge,
but also to teach to hear and understand colleagues working in different specialties, to develop
skills of dialogue between specialists in different branches of scientific knowledge. The need for
such a dialogue is becoming more and more palpable. Since the theoretical physicist Hermann
Haken introduced this concept into scientific use [5], the world has been accumulating some
experience in the use of synergetics and in the study of social and educational systems.

As Andrushchenko and Svyrydenko [16] notes, “... domestic scientific schools are not al-
ways ready to accept the success of other schools and directions, when traditionalism and
conservatism enter the fight against innovation; threats of marginalization of carriers of foreign
experience in the educational or scientific environment are actualized”. These processes in their
content, scientists believe, contradict the logic of scientific cooperation, the spirit of partnership
and exchange of views, in which the long-term experience of the closed educational system, its
focus on ensuring the ideological function of education plays an important role. The nonlinear
complexity of methodological renewal, thanks to the creativity of creative processes, creates
new horizons for the emerging future [17]. This idea is supported by Kremen and Illyin [18],
noting that the principles and ideas of synergetics have significant heuristic and methodolog-
ical potential. In this regard, scientists believe that a synergistic approach to education and
upbringing can be the basic one for solving many problems in the field of education.

When using and teaching approaches that are part of the synergetics paradigm, as already
noted, chaos seems to be the engine of change. From the point of view of synergetics, personality
development appears as a constant movement from one state of the system to another, in which
chaos, chance, creation/destruction, passage of bifurcation points, etc.are natural states of the
system, successively replacing each other, building a continuous chain of transformations [19].
Research conducted in schools and universities shows that interactive chaotic environments
are very productive for developing creative thinking. The results of work in this area were
presented by Davis-Seaver et al. [20], who analyzed the learning process at three levels – from
a single point of balance, statement of fact, statement of a single point of view to learning on
the verge of chaos, when there are many points of view, when reasoning develops in different
directions, when students listen to the opinions of others and on this basis develop their own
judgments. The role of the teacher is not to spread knowledge and evaluate the correctness of
judgments, but to monitor the progress of reasoning and transfer the learning process from
one level to another. As a result, the understanding becomes deeper, more versatile, and the
incentives for learning are largely created by the energy of the group, and not by the diligence
of the teacher. In the context of revealing a person’s creative abilities, a synergistic approach to
education seeks not to eradicate chaos, but to find the relationship between order and disorder
that would be most fruitful [21].
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The above-mentioned concept of chaos from the point of view of synergetics loses its negative
connotation. As Prigogine and Stengers [12] notes, instability can be a condition for stable and
dynamic development. Only systems that are far from equilibrium are able to organize and
evolve spontaneously. Thus, there is no development without instability. And if the system is
strict against the implementation of new units, new units (‘innovators’) die”. In higher education,
self-organizing systems are the Student, Teacher, their interrelation, etc. [22].

Jacobson and Wilensky [23], Wilensky and Jacobson [24] emphasize different research issues
that need to be explored. They present such principles in studying complex phenomena as

• experiencing complex systems phenomena;
• making the complex systems conceptual framework explicit [25];
• encouraging collaboration, discussion, and reflection; the design of environments for

learning about complex systems needs to take advantage of lessons learned from the
extensive research on pedagogy that foster collaboration, discussion, and reflection [26];

• constructing theories, models, and experiments;
• learning trajectories for deep understandings and explorations.

With a given appropriate conceptual and representational scaffolding in the learning environ-
ment, students should be able to tap into their everyday experiences and channel and enhance
these experiences to construct understandings of complex systems that are cognitively robust.
Nowadays, students should have more possibilities to explore world through computational
modeling which progressive scientists use almost everyday.

Jackson [27] and other, such as Pagels [28], have observed how the use of computational tools
in science allows dramatically enhanced capabilities to investigate complex and dynamical sys-
tems that otherwise could not be systematically investigated by scientists. These computational
modeling approaches include cellular automata, network and agent-based modeling, neural
networks, genetic algorithms, Monte Carlo simulations, and so on that are generally used in
conjunction with scientific visualization techniques. Examples of complex systems that have
been investigated with advanced computational modeling techniques include climate change
[29], urban transportation models [30, 31, 32], and economics [33, 34, 35, 36]. New communities
of scientific practice have also emerged in which computational modeling techniques, in partic-
ular agent-based models and genetic algorithms, are being used to create synthetic worlds such
as artificial life [37, 38] and societies [39] that allow tremendous flexibility to explore theoretical
and research questions in the physical, biological, and social sciences that would be difficult or
impossible in “real” or nonsynthetic settings.

Methodology of nonlinear synthesis based on scientific principles evolution and co-evolution
of complex structures of the world, can form the basis of futurological research, designing
various ways of human development into the future [40]. As the environmental, economic,
and political problems of humanity have become global, complex and nonlinear, traditional
ideas about individual responsibility are becoming questionable. We need to study and teach
new models of collective behavior that take into account the different degrees of our individual
abilities and understanding of what is happening.

We believe that the study of the apparatus of physics, graph theory, and computer science is
now of paramount importance for the further development of both our society and the entire
universe.
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In further we need to understand how to grow an interest of students in constructing and
revising computational models with multi-agent or qualitative modeling software, and how
model building activities may enhance student conduct of real world experiments related to the
phenomena under consideration [41, 42, 43].

3. The most important properties of complex systems to be
studied

Based on the previously described characteristics and the direction in which we should move, it
becomes clear that synergetics (the theory of complex systems) is the foundation of almost any
system. Including pedagogical. Although the initial direction of research within this paradigm
was physical systems, the latest objects of research on various manifestations of complexity
also appear in the context of business organization and economics. For example, Wheatley [44]
suggests that we view organizations as being more like living organisms than machines. As
such, we need to modify traditional views on controlling organizations. Wheatley [44] argues
that organizations are dynamic, nonlinear networks of relationships and cannot be separated
into parts while maintaining their essential identity.

In complex systems, it is worth highlighting that they are

• dynamic;
• non-equilibrium and have the potential to change suddenly and may take one path out of

an infinite number of others (bifurcate);
• open systems, that is interchange energy (and information) with their surroundings;
• depended. What happens next depends on what happened previously;
• systems where the whole is more than the sum of its parts;
• causal and yet indeterminate;
• irreversible, since the interaction of parts together is transforming;
• multi-agent. They composed of a diversity of agents that interact with each other, mutually

affect each other, and in so doing generate novel, emergent behavior for the system as a
whole. The system is constantly adapting to the conditions around it and over time it
evolves;

• co-evolving and move spontaneously towards the edge of chaos.

3.1. Time series data

In order to maintain students’ interest in studying complex systems and their corresponding data
analysis tools, programming languages, etc. [45, 46], it is important to select truly interesting
and complex systems (series). It is equally important that the studied systems are within
the framework of the specialty that students are guided by. However, since we strive for an
interdisciplinary approach, the study, for example, by biologists of the corresponding nonlinear
methods on the example of the same socio-economic series or physical ones can also be beneficial
for general development.

Complexity theory is subdivided into hard and soft complexity. Hard complexity theory
stands for analytical analysis that concern with the nature of reality, while soft complexity aims
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to describe social and living systems. Davis and Sumara [47] proposes such term as “complexity
thinking” which lies somewhere in between hard and soft skills. We support such idea and would
like to promote it among ordinary citizens who are not specialists and, particularly, among
universities and their student. Focusing on interdisciplinarity, both hard and soft skills, teachers
and students will be more creative and productive in their further research. Knowing about
interconnections across different disciplines, there are much more possibilities for collaborative
research between different faculties and there is larger probability that people will be able to
find common topics for communication and will be engaged to cooperate.

The goal of this work is to present the basic characteristics of complex systems, which should
be introduced to students during the course of studying complex systems, and the basic sets of
methods that allow analyzing the varying randomness (complexity) of the system during the
development of the studied signals.

In this paper, we present some of the most fundamental, applied, robust, and powerful
methods on the example of three physical signals: seismic (SEI), gravitational wave (GW), and
the distribution storm time (Dst) index.

SEI dataset constructed by Bladford [48]. Each event has 2048 points fixed at a seismic
recording station in Scandinavia.

We used GW data GW150914 from Events of LIGO Open Science Center and select strain
data (H1 and L1) after noise subtraction [49] (https://www.ligo.org/detections/GW150914.php).

The Dst index is an index of magnetic activity derived from a network of nearequatorial
geomagnetic observatories that measures the intensity of the globally symmetrical equatorial
electrojet (“ring current”). Dst is maintained at National Centers for Environmental Information
[50] from 1957 to the present. Dst equivalent equatorial magnetic disturbance indices are derived
from hourly scalings of low-latitude horizontal magnetic variation. They show the effect of the
globally symmetrical westward flowing high altitude equatorial ring current, which causes the
“main phase” depression worldwide in the H-component field during large magnetic storms.

In this paper, the time series of hourly values of the storm on March 13, 1989 is investigated.
It is the strongest storm in the space age in several ways; the power system of the province of
Quebec was out of order. The peak of the storm falls in the middle of the time series (point
1000).

In order to study changes of complexity dynamically, i.e., to get not only one value that
will characterize the whole system, but an array of values, where each value will reflect the
complexity of a signal in a specific period, we use sliding window approach [51].

In figure 1 is presented the dynamics of all physical signals that could be studied during
physics classes. However, students of other faculties can also be interested.

3.2. Fat-tailed distribution

When studying complex systems, we inevitably encounter power distributions characterized by
thick tails. A classic example is the power-law of dividing words by their frequency of use in a
text, known as Zipf’s law [52].

In economics, this is the law of wealth distribution among individuals [53]; in demography,
the distribution of cities by their size [54]; in biology, the distribution of the size of forest patches
[55]; in scientometry, the distribution of citations [56]. In general, a wide class of phenomena
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Figure 1: The signals of SEI, GW, and Dst in normalized scale.

is described in the framework of distributions with a degree dependence, but the researcher
(student) will have to find out the nature of such a dependence, which can be caused by many
factors: critical phenomena, processes with preference, self-organized criticality, multiplicative
processes with connections, optimization and path-dependent nonergodic processes, the phase
space of which decreases with evolution [57, 58, 59, 60, 61].

First of all, it will be important to build an empirical distribution for our data (figure 2). Having
visualized the series we study in this paper, we can already be convinced of the non-Gaussian
dynamics of the presented systems.

Figure 2: Probability density function (pdf) of the studied signals (normalized time series – ts norm).

In the course of our research, we have determined that the Lévy 𝛼-stable distribution most
successfully covers the key statistical characteristics of both the economic [62, 63, 64] and those
systems presented in this paper. Figures 3a to 3c show the window dynamics of the 𝛼 index
derived from the Lévy distribution that characterizes the “heaviness” of tails.
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(a) (b)

(c)

Figure 3: The dynamics of three signals and their 𝛼 index of stability.

3.3. Multifractality

When studying various types of systems, we often encounter both fractal (self-similar) structures
and sets of different fractal dimensions [65]. In such problems, it is necessary to take into account
the entire range of critical indicators that characterize different moments in the distribution of
observed quantities. Such properties usually relate to the term “multifractality” [66].

There are several different algorithms that allow the obtention of multifractal spectra from
time series. The most famous is the MF-DFA [67, 68, 69].

Based on the MF-DFA procedure, we select the maximum value of such a quantitative
characteristic of multifractality as the singularity strength [70], although in the corresponding
section of fractal (multifractal) analysis, it would be necessary to characterize and demonstrate
the dynamics of all multifractality indicators. The following figure shows the window dynamics
of the maximum value of the singularity strength.

3.4. Network analysis

Equally important is the network analysis of complex systems. Today, networks play a central
role in modeling complex systems, as they offer a way to describe different types of relationships
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(a) (b)

(c)

Figure 4: The dynamics of three signals and their index of stability.

between agents that act as endpoints in the network. Complex networks can characterize
information, social, economic, biological, neural, and other systems [71, 72, 73, 74]. For example,
a society can be represented as a network, where each individual (university, wealth, city) can
be represented as nodes of a graph, and the connection between them through edges. For
cities, edges can represent a road, where the possibilities of movement can vary, and therefore a
different weight can be determined for each edge.

In general, the computer network model is a random graph, the law of mutual arrangement
of edges and vertices for which is defined by the probability distribution.

The simplest of networked objects, so-called Erdös-Rényi, or random graphs. Such graphs can
be characterized within the framework of the Poisson distribution, but most complex systems,
as already noted, are characterized within the framework of distributions with heavy tails.

One of the most interesting characteristics of networks is the vertex degree. The vertex degree
distribution for many real-world networks shows a power-law dependence. Such networks are
called scale-independent. Scale-free networks are often characterized by very short average
distances between randomly chosen pairs of nodes that may have a strong impact on the whole
dynamics.

In addition to the topology of graphs, you can also study their quantitative characteristics.
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In our case, using the window procedure, we get a variable graph representation of our signal
over time. For the presented work, we calculated the maximum vertex degree of the graph
(𝐷𝑚𝑎𝑥), since this measure is one of the conceptually simplest measures, although many other
measures can be represented. It is worth noting that there are also various algorithms for
converting a time series to a graph. We would like to emphasize the visibility graph algorithms
[64, 75, 76, 77, 78] (figure 5) and one based on recurrence analysis [79] (figure 6).

(a) (b)

(c)

Figure 5: The dynamics of three signals and their 𝐷𝑚𝑎𝑥 in accordance with the visibility graph.

3.5. Recurrence analysis

Processes in nature are characterized by pronounced recurrent behavior, such as periodicity or
irregular cyclicity.

Moreover, the recurrence (repeatability) of states in the sense of passing a further trajectory
quite close to the previous one is a fundamental property of dissipative dynamical systems. This
property was noted in the 1880s by the French mathematician Henri Poincaré and subsequently
formulated in the form of the “recurrence theorem”, published in 1890 [80].

The essence of this fundamental property is that, despite the fact that even the smallest
perturbation in a complex dynamical system can lead the system to an exponential deviation
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(c)

Figure 6: The dynamics of three signals and their 𝐷𝑚𝑎𝑥 in accordance with the algorithm based on
recurrence analysis.

from its state, after a while the system tends to return to a state that is somewhat close to the
previous one, and goes through similar stages of evolution.

In 1987, Eckmann et al. [81] proposed a method for mapping the recurrence of phase space
trajectories to 𝑁 × 𝑁 matrix. The appearance of a recurrence diagram allows us to judge
the nature of processes occurring in the system, the presence and influence of noise, states of
repetition and fading (laminarity), and the implementation of sudden changes (extreme events)
during the evolution of the system. If you look at recurrent diagrams in more detail, you can find
small-scale structures (textures) consisting of simple points, diagonal, horizontal, and vertical
lines, which in turn correspond to chaotic, repetitive, or laminar states.

Using combinations of these states, Zbilut and Webber [82], Webber and Zbilut [83] developed
a tool for calculating a series of measures based on the distribution of recurrent points on a
recurrence matrix. Later, the toolkit for quantitative recurrent analysis was supplemented by
Marwan and Kurths [84]. The tools of quantitative recurrent analysis include the recurrence
rate, determined by the ratio of recurrent points to the total number of points on the recurrence
matrix under study. In addition to the recurrence measure, in the course of analyzing complex
systems, it would be possible to present such measures as determinism, divergence, entropy,
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trend, and so on [78, 64, 51, 85, 86, 87, 88].
In this paper, we will focus on the recurrence rate and present it for the already specified

series (figure 7).

(a) (b)

(c) (d)

Figure 7: Phase space portrait of GW (a). The dynamics of RR for GW (b), Dst (c), and SEI (d).

3.6. Entropy and non-extensive statistics

The Boltzmann-Gibbs statistical entropy and the classical statistical mechanics associated with
it are extremely useful tools for studying a wide range of simple systems that are characterized
by a small range of space-time correlations (short memory), the additivity of noise, the presence
of intense chaos, the ergodicity of dynamic processes, the Euclidean geometry of phase space,
the locality of interaction between elements, the Gaussian probability distributions, etc.

The Boltzmann-Gibbs statistical entropy is a fundamental concept of the school section and
the university course of thermodynamics and statistical physics.

In statistical mechanics, entropy denotes the number of possible configurations of a thermo-
dynamic system. The notion of entropy can be associated with the uncertainty in the system
[89, 90]. In 1948, Shannon [91] transformed classical statistical entropy to information entropy.
Since then, a number of other types of information entropy have been developed [92, 93, 94, 95].
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In order to study many real-world systems, it is necessary to go beyond the standard course
of thermodynamics, statistical physics, and classical Shannon entropy. A whole range of natural,
artificial and social systems, which, unlike those mentioned above, are characterized by a long
range of spatio-temporal correlations and non-Gaussian processes.

Since the non-Gaussian and multifractal behavior of the studied systems was presented
previously, we will depict the autocorrelation function in the figure 8a, as it should demonstrate
an indicator decline. This fact will indicate the dependence of the following values on the
previous ones.

It is also worth mentioning that such systems are characterized by multiplicative noise, the
presence of weak chaos (vanishing maximum Lyapunov exponent), non-ergodicity of dynamic
processes, hierarchy (usually multifractality) of the geometry of the phase space, the presence
of asymptotically power-law statistical distributions. A fairly wide class of these complex
systems (although not all) it is adequately described by non-additive statistics based on the
Tsallis parametric entropy.

Figures 8b to 8d show the 𝑞-Gaussian distribution from the Tsallis statistics for the considered
series in comparison with the classical Gaussian one.

(a) (b)

(c) (d)

Figure 8: Autocorrelation plots for the studied signals (a). The pdf’s of the three signals, Gaussian, and
𝑞-Gaussian functions (b-c).
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3.7. Reversibility and irreversibility

The last characteristic that we would like to mention is time-reversibility. Temporary irre-
versibility is a key property of non-equilibrium systems.

Again, such systems are characterized by the presence of memory, while reversibility increases
with more noisy and unpredictable signals. Thus, by calculating the irreversibility, we determine
the degree of nonlinearity and predictability. It is important to note that the significant time
reversibility excludes linear Gaussian processes as a model of generating dynamics. Within the
framework of the systems we are considering, we need to think about methods of nonlinear
dynamics and non-Gaussian ones [96, 97].

Over the past decade, various methods have been proposed for calculating the degree of
irreversibility in systems [98, 99, 100, 101, 102, 103, 104, 105] and we have presented how to use
some of them for crises identification [77]. For pedagogical purposes, along with the mentioned
concept of multifractality and entropy, we would like to present irreversibility based on the
multifractal approach [105] and permutation patterns [104]. The last mentioned approach could
be taught within the section of entropy approaches if we were teaching students. However, the
calculation of irreversibility based on graph theory is also possible [100, 101, 102].

Figures 9a to 9c show the mentioned measures of irreversibility for the studied signals.

(a) (b)

(c)

Figure 9: The dynamics of irreversibility measures along with the studied signals.
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4. Conclusions

The analysis of the adaptive nature of many complex systems led to the creation of methods
and the development of concepts that were successfully applied to describe formally similar
phenomena in chemical, biological, social and other systems of agents of non-physical nature.
It is sometimes argued that if physics is the science of the four fundamental forces that matter
interacts with.

Remembering figures in the field of social sciences, it is still relevant to adapt theoretical
material and practical tasks of various fields of physics and higher mathematics to those
disciplines that students already study in the framework of social sciences.

In this paper, we have presented some of the most significant approaches on the example of
SEI, GW, and Dst, but even more can be shown and much can be taught [106, 107]. The most
important thing is not just to convey information, but to interest the student in the right way.
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Abstract
This paper is focused on considering agile methodology as an instrument to use in education quality
assurance. We propose the Scrum method applicable for education quality assurance based on adapted
Manifesto for Agile Education Quality Assurance and twelve principles behind it. The Scrum procedure
is described and roles are distributed for two real-life cases of external and internal educational program
quality evaluation. We illustrate that proposed Scrum procedure perfectly fits existing practices and
can be used to enhance both external and internal quality assurance processes in higher education.
We consider achievement of SDG 4 targets through proposed methodology as the necessary step to
take in achieving SDGs 8 and 9. It is concluded that stakeholders feedback about their satisfaction by
economic and innovative factors should be included in each sprint review procedure in proposed Scrum
methodology. We discuss SDG 4 achieving within multilayered DIKW+DM hierarchy as a framework
for education quality assurance that allow to join information processing, knowledge acquisition and
corresponding decision-making algorithm.

Keywords
education quality, agile methodologies, scrum, sustainability

1. Introduction

Application of agile methodologies in education is a widely discussed topic nowadays. Due
to the constant changing labor market demands, higher education institutions are forced to
adapt approaches aimed at flexible learning. This matter is especially at hand due to worldwide
orientation at life-long education: agility is of crucial importance for keeping the same pace as
constantly changing requirements of society. Recent interest in application of agile methodolo-
gies to form innovative pedagogical tools is logical reaction of educational institutions aimed to
address these challenges.

When building a model for generating knowledge and testing the “quality of education"
system, one should also pay attention to the trends dictated by the world community. These

CTE 2021: 9th Workshop on Cloud Technologies in Education, December 17, 2021, Kryvyi Rih, Ukraine
" a.artyukhov@pohnp.sumdu.edu.ua (A. E. Artyukhov); y.volk@mss.sumdu.edu.ua (I. Iu. Volk);
tavasilyeva@fem.sumdu.edu.ua (T. A. Vasylieva)
~ https://personal.sumdu.edu.ua/artyukhov/en/ (A. E. Artyukhov);
https://pom.sumdu.edu.ua/en/department/personal-pages/252-iurii-i-volk (I. Iu. Volk);
https://biem.sumdu.edu.ua/en/director-biem (T. A. Vasylieva)
� 0000-0003-1112-6891 (A. E. Artyukhov); 0000-0002-0262-762X (I. Iu. Volk); 0000-0001-9534-1251 (T. A. Vasylieva)

© 2022 Copyright for this paper by its authors.
Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).

CEUR
Workshop
Proceedings

http://ceur-ws.org
ISSN 1613-0073 CEUR Workshop Proceedings (CEUR-WS.org)

81

mailto:a.artyukhov@pohnp.sumdu.edu.ua
mailto:y.volk@mss.sumdu.edu.ua
mailto:tavasilyeva@fem.sumdu.edu.ua
https://personal.sumdu.edu.ua/artyukhov/en/
https://pom.sumdu.edu.ua/en/department/personal-pages/252-iurii-i-volk
https://biem.sumdu.edu.ua/en/director-biem
https://orcid.org/0000-0003-1112-6891
https://orcid.org/0000-0002-0262-762X
https://orcid.org/0000-0001-9534-1251
https://creativecommons.org/licenses/by/4.0
http://ceur-ws.org
http://ceur-ws.org


trends have been outlined as Sustainable Development Goals in United Na- tions Millennium
Development Goals and 2030 Agenda for Sustainable Development. Given that there is a
separate Sustainable Development Goal (SDG) 4 dedicated to quality education, it is important
to establish a link in the proposed approach SDG 4 and other SDGs. This idea is the basis
of the presented material. Considering that the result of achieving SDG 4 is, among other
things, the growth of economic indicators among stakeholders, it should be noted that there is
a specific connection between SDG 4, SDG 8 and SDG 9. The role of university education is to
ensure economic growth and create an innovative infrastructure in connection with the main
stakeholders, which determines the need to consider mentioned relationship between SDGs.

However, labor market’s main interest is not the education process itself, but its outcomes
in form of trained graduate possessing skill-set suitable for current position or able to quickly
adapt to position’s specifics. Despite the small contribution in form of direct pedagogical
innovations, employers are highly motivated to participate in education quality assurance
activities. Therefore, the need arises to form educational quality assurance system that accounts
interests of all stakeholders and allow them to collaborate in efficient and flexible framework.
This paper attempts to provide Ukrainian higher education institutions (HEIs) with such quality
assurance methodology developed upon agile philosophy and principles.

2. Literature review

Agile methodologies in education have their constant attention in forms of direct application to
learning process [1, 2, 3]. As stated in [4], “By using Agile methodologies to design, structure
and steer courses as a whole, or punctual activities and projects, instructors are offering a
valuable framework and environment for students to develop valuable competencies that can
serve to increase their performance in their work life and their development as responsible
citizens living in a sustainable way”. However, as we defined in the introduction, the aim of this
article to propose not a learning tool, but education quality assurance method based on agile
philosophy.

To determine the trending direction of research, a bibliometric analysis was carried out using
data from the Scopus scientometric database (https://www.scopus.com/) using the VOSViewer
(https://www.vosviewer.com/) and SciVal (https://www.scival.com/home) tools. The main task
of bibliometric analysis is to determine the relationship between agile methodology and various
aspects of the educational sphere. Bibliometric analysis was carried out using query “agile
quality of education”.

Analysis of the relationship between different keywords by specified query (figure 1) high-
lights the areas of application of agile in education. These keywords actually create a set of
indicators for quality assurance in education. Individual clusters within the keyword map
are of particular interest. The “scrum” cluster (figure 2) can be used as the basis to create an
algorithm for assessing educational program quality. The “decision making” cluster (figure 3) is
a prototype for testing the education quality system based on the DIKW model [5] and on the
agile approach at the decision-making stage which in its turn is based on data, information and
knowledge received.

The relevance of the proposed topic in terms of practical implementation is confirmed by
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Figure 1: Keywords corresponding to the query “agile quality of education”.

the results of bibliometric analysis shown in figure 4. Topic clusters show the main points
of influence of the quality of education including economic factors: learning environment,
educational innovation, information quality, business model innovation , sustainable business
etc.

These data allow to create a testing model with specific outcomes, which can be used to
determine the degree of performance of the system “quality of education”.

As for the analysis of various indicators impact on the system “quality of education”, we refer
to specific literary sources, systematizing them in following way:

– marketing and knowledge management as a basis for modeling the system “quality of
education” [6, 7, 8, 9];

– main stakeholders the influence of the on the educational environment [10, 11, 12];
– ensuring the quality of education in general and personnel training quality [13, 14, 15, 16];
– socio-economic factors of the education influence [17, 18];
– quality of education and sustainable development [19, 20]].

Thus, the bibliometric analysis in general and the analysis of specific literary sources allow
us to define a niche where it is possible to use the agile approach for ensuring the quality of
education in relation to socio-economic indicators
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Figure 2: Cluster “scrum”.

3. Modelling of university quality education system utilizing
agile methodology

Before we introduce direct agile applications in university quality assurance system, let us briefly
discuss Agile Manifesto in terms of education quality. It can be formed as legacy of Manifesto
for Agile Software Development [21] with corresponding alignment of twelve principles behind
it [22]. Therefore, the Manifesto for Agile Education Quality Assurance can be adapted as
follows:

• Individuals and interactions are valued over processes and tools (same as in software
development);

• Education quality is valued over comprehensive regulatory framework;
• Stakeholder collaboration is valued over requirements discussion;
• Responding to change is valued over following a plan (same as in software development).

Introduced manifesto is based on following twelve principles:

1. Highest priority of education quality assurance is to satisfy all stakeholders through
continuous improvement of learning quality.
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Figure 3: Cluster “decision making”.

2. Welcome changes in education quality criteria, even at formed systems.
3. Deliver evaluation results frequently, both internally and externally.
4. Frequent collaboration between all stakeholders: students, university management and

employers.
5. Build the system around motivated individuals giving them the environment and support

they need, and trust them to get the job done.
6. Face-to-face conversation is the most effective method of communication within quality

assurance system.
7. Student level of knowledge is the primary measure of education quality.
8. Sustainable development is maintained throughout the whole system functioning.
9. Continuous attention to technical excellence and good design enhances agility

10. Simplicity – the art of maximizing the amount of work not done – is essential
11. Self-organization of the team fosters the best practices for education quality assurance.
12. At regular intervals, the team reflects on how to become more effective, then tunes and

adjusts its behavior accordingly.

Note that some principles outlined for software development at [22] are perfectly applicable
for education quality assurance and hence they are incorporated in unchanged form.

Hereby we propose few insights on how to build education quality assurance system based
on agile principles and applicable for any Ukrainian higher education institution.
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Figure 4: Top 25% topics by prominence defined by query “agile quality of education”.

3.1. Scrum method for education quality assurance

Scrum is the agile methodology widely used in project management and systems development.
First published in [23] it has since gained significant development. Nowadays scrum is one of
the most preferable agile methodologies with benefits in transparency, risk management and
flexibility.

In this paper we propose scrum method for education quality assurance. This method allows
organizing education quality assurance procedure in comprehensive way. It can be scaled
from overall university performance evaluation (including both educational and scientific
components) down to single educational program assessment on the department level. Figure 1
represents the diagram of proposed scrum method.

The process is comprised of the following steps:

1. Forming of Educational Quality Assurance Backlog. It is closely coupled with internal
or external quality criteria (e.g. National Agency for Education Quality Assurance of
Ukraine (NAQA) educational program quality criteria).

2. Forming Evaluation Sprint Backlog. Basically, Scrum team selects tasks (activities) from
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Activities backlog formed on previous step to include in the next sprint (e.g. check
academic integrity environment in the university).

3. Performing Evaluation Sprint. Along with direct fulfillment of sprint backlog tasks, team
evaluates total Activities backlog completion taking new tasks for new sprint and/or
including tasks failed on previous sprint (e.g. re-evaluate unclear points explained by
university management).

4. Each spring gets reviewed and based on this retrospective team implements sprint’s
deliverables (e.g. recommendations for educational programs improvement).

Figure 5: Scrum method for education quality assurance.

• Stakeholders provide their vision of education quality since they are highly motivated
in high quality education due to direct economical connection to the graduates landscape.
They also provide initial self-assessment report which is used as the base for activities
backlog forming.

• Evaluating Body such as NAQA mostly contribute to forming of structured quality
assurance backlog providing universal evaluation criteria and independent experts staff
for external quality assurance. However, internal quality assurance department might
also act as evaluating body in case of scaling Scrum method to internal quality assurance
procedure.

• Experts Team perform the evaluation activities during each sprint in transparent and
sharable way. Most of their evaluation activities should be backed by deliverables, e.g.
meeting reports and grades. Scrum Master supervises their work.
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• Scrum Master maintains the control over the sprint duration and ensures that tasks
from sprint evaluation backlog are fulfilled. Regular Stand-up meetings during the spring
help to keep all the stakeholders and team informed about each other’s activities.

To illustrate the viability of proposed scrum method let us provide examples for external
and internal quality of educational program assurance procedures. Based on existing practices
(NAQA Evaluation procedure and internal assessment of educational program) we define
Educational Quality Assurance Backlog, divide it by sprints and distribute roles according to
positions of engaged staff. Figure 6 should be considered as key to be used with scrum method
given in figure 5.

Figure 6: Scrum backlogs and roles for external and internal quality assurance procedures.

As figure 6 demonstrates, such distribution of roles and formation of Education Quality
Assurance Backlog fully fits into scrum method described by figure 5. We should note that
figure 6 was constructed based on existing evaluation procedures: external evaluation of
educational programs by NAQA and internal evaluation of educational programs within the
university.

Another important note to take here is that after reviewing the Sprint activities the evaluation
outcomes (grades, recommendations to improve some parts of the program, staff evaluation
reports) are than used as deliverables for university. Sprint review procedure is also closely
coupled with stakeholders feedback collection about their satisfaction by economic outcomes
(in terms of graduates competencies) that are provided by educational program and level
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of innovation that industry gets from implementing educational program. Thus, proposed
methodology connects clear SDG 4 tasks behind the quality assurance system and not so
obvious in this context SDGs 8 and 9.

As can be seen from figure 6, external accreditation of educational program is included in
Sprint 4 of internal evaluation procedure. This may seem counterintuitive on the first glance,
but is backed by logic of educational program development, which is much more complex
project than its accreditation.

3.2. University quality education system aimed at SDG achievement

SDG 4 is a combination of ten targets addressing problems of education quality and equality on
different levels of education. The first two targets (4.1, 4.2) are intended to ensure equal access
of all children to early childhood development and primary education with effective learning
outcomes. This is followed by targets 4.3 and 4.4 stating the need to ensure equal access for all
women and men to technical education and availability of quality employment for all graduates.
Target 4.5 addresses the problems of educational access for vulnerable groups including people
with disabilities, indigenous peoples and children in vulnerable situations. Target 4.6 is aimed
to reduce both youth and adult illiteracy and innumeracy. Target 4.7 raises the need to focus
educational content on the knowledge and skills promoting sustainable development, human
rights, gender equality and culture of peace along with global citizenship. Additional targets
4A, 4B and 4C lay the timeframe and suggest means to fulfill targets 4.1–4.7 [24].

However, the quantitative measurements of the stated targets fulfillment is complicated
despite the indicators formulated by SDG 4. According to [25], “Education quality, equality,
inclusion, gender equality may be unmeasurable with current indictors, but if metrics are useful
to enhance human rights agendas and develop strategies to tackle considerable injustices, then
research and critical discussion is needed concerning what indicators might help develop policy,
practices and accountability to realise the vision of SDG4. A frequent riposte to the complexity
of ideas of quality, equality and inclusion in education is that they are actually unmeasurable.”

Therefore, combining efforts aimed to achievement of the stated targets leads to the idea of
the development of quality education system focused on SDG4 principles and aimed at fulfilling
targets 4.1–4.7.

Figure 8 illustrates multidirectional pipeline focused on achieving SDGs 4, 8 and 9 through the
university engagement. Each of the six stages is carried out in the presented sequence when the
“initial data” for following stages are the results of the previous. Each of the stages is associated
with the fulfilling of different SDG targets. In addition to SDG 4 and SDG 7, which connection
with university activities was covered in [19], the diagram shows other SDGs that can be
achieved during the implementation of the algorithm, in particular SDGs 8 and 9 discussed
above. One can see that a cycle of university activities is organized between the main elements
(nodes). Each stakeholder has the ability to influence the nature of the model implementation
at a certain stage. In this case, stakeholders are initiators of error search and proposing changes
on the stage testing phase (algorithm modernization, conditions for performing a particular
stage, conditions for moving to the next stage, etc.) This fact is demonstrated in the description
of the model testing algorithm. The model assumes that at the beginning of the algorithm
implementation (when developing the technical task for each stage — the regulatory framework
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of the university), the stages can be carried out in parallel. However, the effective implementation
of the algorithm can be continued only when the result is achieved at the “Quality education
system” stage.

Figure 7: From quality education to innovations and economic growth.

One of the ideas of achieving SDG 4 on level of university is to use DIKW+DM hierarchy. Its
aim is the modification of known DIKW information hierarchy to get multilayered framework
for education quality assurance that allow to join information processing, knowledge acquisition
and corresponding decision-making algorithm.

The agile approach is not recommended for all layers of the DIKW hierarchy. At the stage of
collecting data, analyzing them, systematizing and obtaining an array of information, the data
is not corrected due to their constancy. Only at the stage of knowledge generation as a tool for
subsequent decision-making, it becomes necessary to assess certain factors degree of influence
and revise the system’s functioning model. At the same time, the procedure of internal quality
control by the university and external quality control by independent educational agencies and
external stakeholders is implemented. The report on the monitoring of the quality system is a
guiding document for further revision of system structure, content, interrelation of elements
and the degree of their mutual influence. This part of the model is tested and refined through
an agile approach.
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Figure 8: DIKW+DM Model incorporating agile approach on the system testing phase.

4. Conclusions

Therefore, in this paper we proposed Manifesto for Agile Education Quality Assurance and
twelve principles behind it based on Manifesto for Agile Software Development. We used
these principles to propose scrum method for education quality assurance. We defined the
overall scrum procedure and distributed roles participating in planning, spring execution and
implementation phases. It was illustrated that Scrum method perfectly fits existing procedure
and staff roles and can be adopted with minimal adjustments by national HEIs.

A consistent approach to the optimal implementation method of quality assurance main
tasks at the university allows solving other problems simultaneously. Achieving SDG 4 targets
all continues the quality assurance journey beyond the educational process. The creation of
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innovative infrastructures and the achievement of economic growth (thus fostering SDGs 8
and 9 achievement) are important outcomes of an effective model for ensuring the quality of
education. Based on feedback from stakeholders about the degree of their “economic” and
“innovative” satisfaction, subtasks are formed within the framework of internal and external
assurance sprints of education quality assurance procedure.
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Experience in training specialists with mathematical
computer modeling skills, taking into account the
needs of the modern labor market
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Abstract
Today in most countries there is a lack of qualifications in areas, which require specialists with mathe-
matical competencies, despite the high unemployment rate in many countries. At the same time, it is
generally recognized that most likely those sciences are developing, the fundamental results of which can
be formulated mathematically. Using mathematical methods, researchers draw important conclusions
that could hardly be obtained otherwise. Digital transformation of all industries requires specialists with
a sufficient level of mathematical competence and skills in ICT tools, including computer modeling using
the approach called Inquiry-Based Mathematics Education (IBME).

Keywords
mathematical competence, STEM education, computer modeling, IBME, labor market

1. Introduction

Modern society, digital transformation of all industries require the development of business
mindset, innovation, STEM education and science education. These needs of the labor market
can be met only with professionals who have an adequate level of mathematical competence.

In the last few years, Ukrainian universities have faced the problem of mathematics’ training.
Young people do not wish to teach mathematics and have a low level of preparation when they
enter the university to master the program in mathematics.

We see a real problem with the study and teaching of mathematics in high school and in
universities. One of the reasons for this situation, in our opinion, is the low motivation of
students. This happens because students do not see a suitable labor market. There are two ways
to solve this problem:

1. Change the methodology of teaching mathematics from passive learning to active activi-
ties. This means students are involved in solving theoretical and practical problems using
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the inquiry.
2. Teach students a business mindset. This means the development of their own projects

that can become Startups. All with the help of mathematics.

Figure 1: Needs of society.

The problem of the quality of natural and mathematical education in Ukraine as a part of the
general world educational space is multidimensional, and numerous academic and journalistic
works of domestic and foreign authors are devoted to various aspects of this problem.

The aim of this paper is to show IBME approaches in teaching mathematical modeling
considering the demand in the labor market in professions requiring mathematical competence
and to analyze European and national approaches to stimulate their use in accordance with
the needs of the labor market, and to identify competencies that contribute to an increase in a
skilled workforce considering the formation of mathematical competence.

The modern labor market imposes requirements on graduates of higher educational insti-
tutions related to the possession of professional (hard skills) and flexible (soft skills) skills,
hard skills are determined by professional knowledge, skills that can be clearly demonstrated,
necessary for solving specific professional tasks are formed in the learning process.

Knowledge of mathematics is critical for many areas of business: finance, IT, construction,
accounting, architecture, mechanical engineering, logistics, medicine, trade and others.

Firstly, mathematical knowledge allows you to learn about the world, and, if necessary, work
in other spheres of human activity. For example, a mathematician can easily work as an analyst
in various modern companies. This is evidenced by the examples and lives of graduates of other
specialities of Borys Grinchenko Kyiv University.

Secondly, the need of modern society for mathematicians, and not only for programmers and
economists, is constantly increasing. This affects wages and the ability to work both in Ukraine
and abroad.
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2. Related work

The shortage of specialists in the labor market with established mathematical competence has
been investigated by many scientists. In particular, Levanon [1] analyzed the main analysis
on labor shortages in the United States and other advanced economies. The author notes that
the risk of labor shortages in mathematics majors is much higher due to the rapid increase in
available data at the company level or big data, currently leading to the rapidly growing demand
for workers who can help turn this data into business decisions. According to employment
forecasts by the Bureau of Labor Statistics, the math professions are expected to grow by 28
percent in 2014-2024 – one of the fastest-growing occupation groups in the entire economy.

To meet the needs of modern society in mathematics, we see the importance of forming math-
ematical competence [2]. In particular, Onoprienko [3] considers the formation of mathematical
competence through competence-oriented problems.

The system approach is presented in the works of Fayzullaev [4], Khomiuk [5], Striuk et al.
[6]. The formation of professional and mathematical competence of students in the field of
technical training on the basis of interdisciplinary integration of mathematics and computer
science is considered by Vasileva et al. [7]. Astafieva et al. [8] substantiated the approaches to
the effective use of the advantages and minimized the disadvantages and losses of e-learning as a
means of forming the mathematical competence of students in the context of a research-oriented
educational process.

To increase the motivation of students in the study of mathematics, one way is to demonstrate
the connection with real life. The method of studying processes or phenomena by creating their
mathematical models and studying these models is mathematical modeling. A great contribution
to the study of teaching mathematical modeling has also been made by Flehantov and Ovsiienko
[9], Kaiser [10], Lvov et al. [11], Riyanto et al. [12], Teplytskyi [13].

3. Research methods

Teachers of the Department of Computer Science and Mathematics also conduct ongoing
research in the direction of the quality of science and mathematics education. As part of an
international project ERASMUS+ Platinum a survey of employers of the modern labor market
in Ukraine and graduates of the University was conducted in order to compare on the one
hand the needs of employers in specialists with mathematical competencies, on the other –
self-assessment of graduates on the level of relevant competencies, Inquiry-Based Mathematics
Education (IBME) used in the teaching of mathematical disciplines, in which students are
invited to work in ways similar to how mathematicians and scientists work. In our project, we
conducted a survey of employers and business leaders.

The task of the survey was to analyze what qualities employers expect and what students
lack when they get a job. The survey was attended by employers in Kyiv, whose areas of activity
are different in figure 2.

To the question “Do your company employ specialists with higher education, an important
component of whose professional training were mathematical disciplines?” all respondents
answered “yes”. At the same time, 68.8% of participants answered in the affirmative about the
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Figure 2: The direction of activity of the surveyed employers.

need for such specialists at their enterprise, 12.5% need professional mathematicians and 12.5%
need situationally and then specialists are involved on a project basis.

The labor market needs for specialists in whom mathematical competencies are formed is
also indicated by the answer to the question “Are you satisfied with the level of mathematical
training of specialists working at your enterprise?” 43.8% answered “yes”, 43.8% -“need a special
preparation for the tasks of the organization”, 12.5% – “suits, because a personnel policy is being
carried out to select the appropriate stuff”.

The survey also shows us which competencies are important for mathematicians from the
point of view of the job market: the importance of competencies for mathematics specialists for
business; use the Web resources to solve professional problems; ability to apply mathematical
knowledge and models in real-life contexts.

Figure 3: The result of a survey on the need for mathematicians.

As part of the project, we conducted a survey of our graduates of programs in mathematics.
One of the questions in the survey was about what skills they needed.

In particular, they noted that they lack: the ability to adapt mathematical knowledge to the
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Figure 4: The result of a survey on the lack of knowledge, skills, tools, technologies.

context, the ability to use modelling in practice and research.

Figure 5: The result of a survey about improving the quality of mathematical education.

Another question was “What can improve the quality of teaching mathematics?”. The answers
were: innovative teaching methods, elevation of research-based learning.

The results of a survey of teachers, graduates and employers showed that Mathematical
Education needs:

• Changes in teaching: using IBL, active learning, flipped learning.
• Design and redesign of practical problems for teaching mathematics (creation of a system

of modeling problems)
• Improving motivation to study mathematics. This means to demonstrate applied mathe-

matics and to involve students in business activities using modeling tasks.

That is why the University began to implement:
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• The new innovative method of teaching mathematics (based on the introduction of IBL –
inquiry-based learning)

• Develop business mindset for business professions, but for mathematics too. This means:

– to teach mathematical modeling related to the inquiry;
– to use mathematical models to solve practical problems;
– to implement innovations by involving the students to develop the startups.

The first stage of the development of the university into a business university is the creation
of a student business incubator. The challenge for universities is to change approaches to
teaching mathematics.

Figure 6: Development of student business incubator.

4. Application of IBME approaches in computer mathematical
modeling

The problem of modeling is that the student must use the basic knowledge gained in the study of
previous disciplines, and gain new knowledge needed to study the process and further modeling.
The inquiry approach provides insight into the use of fundamental concepts and knowledge but
plays a special role in acquiring new approaches and methods of knowledge. In the course of
work on the PLATINUM project, we identified the main features that are present when solving
modeling problems.
Ability to form several hypotheses, understanding the conditions of the problem.

• There are several ways to solve the problem.
• The presence of a technical, natural science, economic sense of the problem in the context

of professional orientation.
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• The complexity of mathematical knowledge, methods and procedures are based on “anal-
ysis by synthesis”.

IBME teaching encourages students to take a different look at previously studied material, see
fundamental concepts applied, and find knowledge gaps that they have forgotten or overlooked.
If in teaching fundamental mathematical disciplines a query is used to obtain new knowledge
(hypotheses, consequences, etc.), then in mathematical modeling the query is used at each stage
of modeling.
Students have to formulate a mathematical model, hypotheses are put forward (students put

forward their own hypotheses).
At this stage, students offer different hypotheses and, during the discussion, they will come

to a choice. It is necessary to answer the questions: what is the problem?

• the problem is open and students must develop their own protocols;
• the problem is partially open and students have to deal with limited materials;
• the situation for students is new. They need to find a way to solve the problem.

The teacher provides the relevant material to make a request:

• What are the components of the system process, how do they interact?
• Which compounds are harmful, which interfere, which are neutral, and which are useful?
• What parts and what can be replaced and what not?

An important stage of modeling is the interpretation of the results in terms of the relevant
subject area. And the ability to formulate a problem based on a real situation, just means that
the problem is based on the properties of the mathematical model of this situation, which allows
it to be interpreted. Thus, the design of problems, based on the query, can be considered as a
technology of mathematical modeling, which directs the study of the mathematical model by
finding the most realistically interpreted results.

Our observations highlight that students can:

• participate in research on the basis of inquiries;
• use existing models in their queries;
• participate in a query that results in a revision of the model, use models to construct

explanations,
• use models to “unify” their understanding and argue.

Students use ICT tools to interpret the simulation results, as exploring the model takes
time and effort. In addition, a model is created, as a rule, it is a simplified prototype of a
modeled process (or system), the use of ICT technologies makes it possible to study the model
by increasing the number of parameters and additional conditions that affect it.

Task. Students were asked to simulate the development of a viral disease at the university.
Dynamics of the number of cases 𝐼(𝑡) by days is presented in table 1. 𝑆(𝑡) - the number of
healthy, not yet sick students.

Students make an analysis of the development of the disease and forecast its development for
the future.
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Table 1
Statistics of the sick and recovered

Day 2 3 4 5 6 7 8 9 10 11 12 13 14

𝑆(𝑡) 762 740 650 40 250 120 80 50 20 18 15 13 10
𝐼(𝑡) 1 20 80 220 300 260 240 190 120 80 20 5 2

Viruses epidemic model
Among students due to contact with an infected possible transmission of infection to a

healthy student and how consequence, his illness. Infected students with get well over time.
After recovery, students can acquire immunity and no longer get sick. Students do not come
into contact with other infected people outside the school. Contacts with teachers are not taken
into account.

Model parameters:

• The number of students in the institution.
• The likelihood of illness.
• The likelihood of recovery.

The mathematical model of the development of the epidemic can be represented by a system
of three differential equations first order⎧⎪⎨⎪⎩

𝑑𝑆
𝑑𝑡 = −𝑎𝑆𝐼
𝑑𝐼
𝑑𝑡 = 𝑎𝑆𝐼 − 𝑏𝐼
𝑑𝑅
𝑑𝑡 = 𝑏𝐼

(1)

1st equation – the rate of illness in healthy students, the number of which decreases, the
likelihood of illness;

2nd equation – the rate of change in the number of cases, recovered and recovered with
probability 𝑏;

3rd equation – the rate of change in the number of students who have been ill and recovered.

𝑅(𝑡) = 763− 𝑆(𝑡)− 𝐼(𝑡) (2)

is the number infected recovered and not yet ill. It is necessary to determine the probability
coefficients of states 𝑎 and 𝑏.

Linear interpolation gives values for a and b coefficients 0.0036 and 0.94, respectively.
Simulation algorithm
Let us construct a procedure for calculating the right-hand side of the system.
The results are presented in figure 10. The graphs compare the theoretical curves and

experimental values shown by the “o” markers.
Model exploration inquiry method

1. Plot the function 𝑅(𝑡), reflecting the dynamics of the number of students who have had
a viral disease.
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Figure 7: Experimental dependence graph.

Figure 8: Linear interpolation.

2. Suppose that you have succeeded in analyzing an epidemic for a population of a small
town. Build a mathematical model.

3. Get the curves of the development of the epidemic. What are the benefits of knowing the
peak of the epidemic?

Students can present their own experiences. In order to interpret the simulation results,
students can use various ICT tools: spreadsheets, application packages MATLAB, Mathcad,
FreeMat, Mathematica and others. Students choosing their way of interpreting the results.

5. Conclusions

Employers and analysts argue that due to changes in the nature of activities, traditional ap-
proaches to professional skills training may be ineffective in the future. Given the growing
pace of change and uncertainty in the workplace, young people will be better prepared, even
for entry-level positions and, of course, for career advancement, if they have a basic under-
standing of the scientific, mathematical, social and even cultural aspects of working within
their jobs. professional competencies. This leads to a change in approaches to the teaching and
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Figure 9: Main m-file of computer modelling.

Figure 10: Results of modelling.

learning of mathematical disciplines, increasing the emphasis on the integration of academic
and professional education.

Mathematical competence is an integrated dynamic property of the student’s personality,
which characterizes his ability and willingness to use mathematical methods of modeling in
professional activities. Mathematical competence integrates mathematical knowledge and skills,
as well as general cultural and professional competencies that are projected into the subject
area of mathematics – their core is the ability and willingness of the graduate to apply this
knowledge in professional activities.
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To solve the problems of mathematical modeling, students must translate real situations,
which are usually presented in text form, into mathematical models. To complete the translation
process, the problem solver must first understand the real situation. Thus, reading comprehen-
sion can be considered as an important part of solving modeling problems, and the development
of reading comprehension can lead to increased competence in modeling. In addition, it was
found that ease of understanding and engagement increases interest in learning material, and
thus improving reading comprehension can also increase interest in modeling.

Motivation of students plays a decisive role in the process of teaching mathematics. One of
the important motivational variables is the interest of students both in the educational material
and in the use of the acquired competencies in professional activities, and computer modeling
has a very important role.

Standards and expectations from students should be high, but this is only part of the solution.
The more important part is developing teaching techniques and methods that will help all
students (not just a small fraction) to achieve these high expectations and standards. This will
require some changes in teaching and learning mathematics.

Effective education must pay clear attention to the connection of the real-life context with the
subject content for the student, and this requires more “interconnected” approaches to teaching
mathematics disciplines.

Teaching query-based modeling improves students’ research skills and helps build math
competence. The model query activates students’ conceptual knowledge if they have it and
finds out gaps in knowledge that have been forgotten or lost. Work on the PLATINUM project
has increased the interaction of teachers who teach basic disciplines of higher mathematics and
applied disciplines.
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Abstract
Modern society is characterized by a significant impact of information technologies on all spheres
of human life. In a special way, the processes of digital transformation affect educational institutions,
including vocational (vocational and technical) ones. Now vocational (vocational and technical) education
occupies an important place in the sector of the country’s economy, prioritizing effective training of
highly qualified labourers in the state policy of Ukraine. Nowadays, the professional activity of labourers
incorporates an intellectual component related to working with electronic devices, artificial intelligence
systems, etc. Monitoring of the labor market shows that a skilled worker of the XXI century should
be able to think critically, process information analytically, and work with mechatronics systems. The
analysis of the European experience in training qualified workers reflects a certain lag of domestic
institutions in terms of digital supply. At the same time, the level of teachers’ digital competence at
vocational (vocational and technical) education institutions needs improving. As a result, the issues of
digital transformation for educational institutions are urgent and topical. Provision of modern digital
equipment, formation and development of digital competence of all participants in the educational space
are becoming the main tasks of teaching stuff in the current conditions. In a special way, the tasks set
become relevant during the period of quarantine restrictions, when educational institutions mainly work
on distance and mixed forms of teaching.

Keywords
education, vocational training, digital transformation, digital technologies, key competencies, distance
learning
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1. Introduction

Modern society is characterized by a significant impact of digital technologies on all spheres
of human life. According to research conducted by Gartner analysts, by the end of 2021, the
number of digital devices in the world will have reached 6.22 billion units, including more than
4.3 billion smartphones, 495 million desktops, 866 million laptops and 535 million tablets [1].
Now the number of the Internet users is also rapidly increasing. So, according to the statistics,
now the Internet is used by more than 60% of world’s population, which is more than 4.5 billion
people [2]. The process of digitalization is inexorable, and has touched the educational domain
to such an extent that now it seems impossible to facilitate the modern teaching process without
any digital devices.

The use of innovative forms, teaching methods, and the latest pedagogical technologies
determines the improvement of the quality of education and is an important tool in the process
of forming key, subject, and professional competencies of vocational school students. At the
same time, digitalization of education has become a priority of its development, which is
stipulated by both globalization processes and the spread of coronavirus infection COVID-19,
and, as a result, the transfer of the educational process to distance and mixed forms of learning
[3, 4].

1.1. Theoretical background

The use of digital technologies in education has greatly influenced its forms and methods, since
they have changed the way people communicate ideas, learn and work. Still, digitalization of
all social spheres, including educational is a new phenomenon and requires new knowledge
and skills to master different digital activities for various purposes. Since our research deals
with digitalization of education at vocational schools (VS), the participants of it VS teachers and
students are representatives of different generations who have different experiences of digital
teaching-learning [5].

In [6] shown the ways digital technologies can enhance learning outcomes, students learning
skills, their motivation to solve problems, thus making them more responsible for the outcome
of their study, develop their team-working skills etc. Thus, embedding digital technologies in
the curriculum is an important step to educational improvements.
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Leshchenko et al. [7], Morze and Strutynska [8], Pinchuk et al. [9], Siemens [10], Trcek [11]
emphasized the need of digital transformations in education due to complex societal changes
and globalization processes, raising students’ need for corresponding skills to enter a global
labour market.

Windham [12] studies the influence of informational technologies on the new generation,
calling them Net Geners, because they grow up together with Web, prioritize technological
understanding for future achievements. This idea is also reinforced by curricula, that offer
special subjects for digital literacy and the whole range of digital devices students use for study,
browsing information and communication.

McLoughlin and Lee [13] address the problems of the gap between the generation of digital
students and teachers, as well as implications of digital education. They argue that digital
education raises students’ participation and collaboration as well as independence in the learning
process, which should be taken as a new starting point for changes.

Siemens [10] also sticks to the opinion that changes in the education are necessary and
are caused by the discrepancy of teachers’ and students’ digital background. He says that
educational establishments should undergo changes to accommodate the mode of learning and
teaching and prepare student for active participation in the constantly changing world. He
emphasizes the necessity for the students to be ready to work in the conditions of labour force
mobility and lifelong learning to be able to change career paths in future.

Mentis [14] considers the digital literacy from a teacher-teacher perspective and shows that
also teachers have different digital background and can perform their assignments differently
with unequal performance opportunities to which refer their education, their current work
and personal conditions. It means, that even seemingly the same digital tools in the hands of
different participants can have different performance results and the need for seeking ways for
its improvement will always exist.

In this respect, interesting is the research by Salajan et al. [15], who on the basis of the survey
of both students and teachers of dentistry faculty on their feedback about applying digital
technologies for educational purposes, suggested, that students admitted to be proficient in
using digital technologies for study, while teachers felt less confident in coping with them.

1.2. Problem statement

Vocational education (VE) is an inseparable and significant part of educational domain which is
also an important stage to higher education but also supplies the labour market with qualified
workers. According to the Ministry of education and science of Ukraine, as of 01.01.2021, 239.8
thousand students received professional education at 708 domestic VS [16]. However, despite a
large number of VS, in general, there is a problem of non-compliance of professional training
of their graduates with the needs of employers, economy and society. Also, the Concept of
implementation of the state policy in the sphere of vocational education “Modern vocational
education” for the period up to 2027, emphasizes that the problem of non-compliance of training
of future skilled workers in the VS to the needs of the labor market also manifests itself in
“non-compliance of the content of education and teaching methods with the requirements of
the modern labor market and the needs of the individual” [17]. That is why, starting from 2019,
the professional education system is undergoing a number of reforms aimed at improving its
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quality and, accordingly, providing the labor market with highly qualified workers. One of the
directions of reform is the digitalization of the educational process.

Since the center of any educational process is a student, all changes and reforms in this
system have always been made with respect of its optimization, accessibility and enhancing
knowledge. At the same time, digital technologies are the most rapidly developed and expensive
ones. This arouses the following issues to address:

1) the ability of its participants (teachers and students) to maintain a digital education process
effectively;

2) ensuring the feasibility of this process through available digital tools.

Although qualitative approaches can provide valuable information for improving education,
there are limited qualitative studies related to technology use in vocational education. The
research is aimed to study the problems of digital transformations of vocational schools of
Ukraine, ways of enhancing digital literacy of all the participants of the educational process
and define the changes to be done for the effectiveness of this process.

1.3. Methods

The article is based on the following methods: theoretical method of analysis and synthesis
of the latest research on the issue of applying digital technologies in the educational process,
which enabled to single out the main problems of digitalization of education at a current stage
and the vectors of its improvement. The statistical analysis of digital equipment and software
supply of vocational schools of Vinnytsia, Khmelnytskiy, Kyiv and Sumy regions was conducted
to define the problems hindering the effectiveness of digitalization of education at the current
stage. The received data included questionnaires, classroom observations, opinion surveys and
were interpreted using the main theses of the competence-based approach, systemic, synthetic
methods to explore the students’ and teachers’ perception of the problem and their experience
of using digital technologies for educational purposes.

2. Results and discussion

“Today’s system of education and science must undergo dramatic digital changes to meet global
trends in digital development so that each person could successfully realize his/her potential” [6].
This particularly applies to VS, since a large number of craft professions are associated with
the use of digital technologies. For example, these are professions of transport (car computer
diagnostics), agricultural sphere (tractors, combine harvesters equipped with digital harvesting
systems), public catering (working with cash registers, R-Keeper systems), tourism industry
(processing electronic sources of information, providing electronic services for tourism), etc. On
the one hand, in order to ensure the quality of educational services, VS teachers must acquire
soft skills (ability to work with digital resources during their lessons), on the other – be able
to use digital technologies in the context of professional activities of future skilled workers.
Moreover, the latter applies not only to teachers of special disciplines or masters of industrial
training, but also to all teachers working in groups of the corresponding direction. This is
due to the integrity and dynamism of the educational process. For example, when studying
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the subject “Information Technologies” future mechanicals specializing in repair of wheeled
vehicles, must perform laboratory and practical work on the topics “Work with programs for
diagnosing engines (electrical equipment, transmission, undercarriage of a car, car control
mechanism, additional and special car systems)”.

In most research digitalization of education is referred as implementation of digital tech-
nologies in the educational process. If educational technology is seen as a broad concept
incorporating pedagogical, educational and informational communicative technologies, then
they must conform to the requirements to the technological process and be systematic, effective,
optimal, predicted and reproducible [18].

Authors of [19] also refers to digital technology as educational one being “the study and
ethical practice of facilitating learning and improving performance by creating, using, and
managing appropriate technological processes and resources”.

Suffice it to note that lately, in conditions of the quarantine, traditional classrooms have
shifted to students’ and teachers’ homes, blurring the border between a study and a private
space. Therefore, when we speak about digitalization of education, we also refer to its presence
in our private life, partially due to learning from home which digital technologies facilitate [5].
Here, we should not forget that learning from home and teaching from home have a lot of so
called technical similarities, the role of students and teachers are still different.

The previous research shows, that incorporating digital technologies at the educational
process will make it more inclusive both for students and teachers. She argues that digital
technologies enabled both parties to be “consumers and producers of information” [20]. Sadik
[21] also emphasizes greater participatory practices through greater students’ involvement in
their own learning.

However, some scientists argue soundly that there exists a significant discrepancy between
the teachers’ and students’ digital skills that brings them to different levels of performance. This
idea was first proposed by Prensky [22], who calls the modern generation of students “digital
natives”, since they were born at the digital age and have been dealing with digital technologies
since their early childhood, while teachers have obtained this knowledge much later, thus are
“digital immigrants”. Therefore, teaching digital natives requires a lot of changes.

Palfrey and Gasser [23] suggest, that conventional education methods and forms may be-
come so much outdated that it will become difficult to approach students with their totally
new mode of thinking and learning. So, the main concern of modern teachers is to acquire
necessary knowledge and skills to keep up with digitalized world and thus education. Although
stakeholders of this process are both students and teachers, the last have a challenging task
to implement digital transformations in the educational process and to make it beneficiary for
both parties.

Taking into consideration this binary challenge, it is important to emphasize the importance
of teachers’ digital literacy. A modern teacher should be able to create presentations, maintain
websites, blogs, and communicate with all participants in the educational process online, which
requires a high level of information literacy and digital competence.

The research shows that students also have a different digital experience, therefore it is
necessary to make sure that both participants of this digital educational process (teachers and
students) have the similar level of digital literacy to cope with the tasks and challenges of this
process.

111



The above mentioned “Draft Concept of digital transformation of education and science up
to 2026” outlines the problems of transformation of the educational and scientific domain that
call for immediate solutions. Taking into account the specifics of vocational schools, we have
identified the main problems of their digital transformation. To them refer:

1) the outdated database of digital equipment (in some cases – missing or insufficient);
2) mostly low level of digital competencies of all participants in the educational process;
3) lack of a high-quality digital educational environment.

Suffice it to note that the outdated base of digital equipment (and its lack or shortage)
also refers to educational establishments of all levels. Figure 1 indicates, that this issue is in
suspension and little is done for its realization and necessary software for optimization of
cooperation only 33% of respondents admitted to having special software and using digital
devises for teaching and learning (figure 1).

Figure 1: Results of VS principals’ survey on teachers’ use of digital technologies at lessons (based on
materials of [24]).

We have conducted separate studies on the availability of computer equipment at VS in
Vinnytsia region. In 28 institutions surveyed, 8 persons share 1 computer. Suffice it to note that
the use of computer equipment in (VS) is of priority when studying the subjects “Computer
Science”, “Information Technologies”, as well as when mastering such professions as “Informa-
tion processing and software operator”, “Tourism agent”, “Digital book-keeping accountant”,
“Manager’s secretary”, etc. However, studying other subjects and mastering other professions,
students are also expected to work at the computer. This means that each classroom, as well as
the workshop (laboratory) of industrial training, should be provided with computers (laptops)
with free access for students.

It goes without saying that the quality of computer equipment (hardware and software)
influences the effectiveness of working with it. According to the survey, over the past 5 years,
the (VS) of Vinnytsia, Khmelnytsky, Kiev and Sumy regions purchased 36% of the total number
of available computers, 64% of printers and multifunction devices. Hardware and software of

112



a digital device are known to be interdependent: when installing software one should follow
minimum hardware requirements. In turn, each new version of the operating system requires
more powerful hardware. Figure 2 shows the upgrade levels of operating systems (OS) installed
on computers in VS of Vinnytsia region.

Figure 2: Using OS in VS.

As we see, only 27% of all computers in VS have a modern OS Windows 10 compatible with
modern software, interfaces of the Internet study platforms. We can also notice a tendency of
retreat from outdated software, yet it is much unclear taking into consideration these 65% of
other OS. In addition, 28% of the surveyed VS teachers in these regions admitted to use their
own laptops when conducting lessons for the students of these educational institutions, 45%
noted that the equipment they work with needs upgrading, and only 8% of teachers who took
part in the survey noted that they did not have any problems with updating the database of
computer equipment.

In a special way, the problem of lacking high-quality computer equipment has worsened
during the spread of coronavirus infection COVID-19, when all educational institutions, includ-
ing VS switched to distance learning. Initially it was a default situation when the educators
could not maintain teaching online because of their either low digital literacy or absence of
the necessary equipment. This resulted in teachers using their private personal digital devices
to maintain the educational process. Moreover, their number had to correspond to the num-
ber of all participants in the educational process, which caused complications. Our research
among the participants of the educational process – teachers and students of VS in Vinnytsia,
Khmelnitsky, Kiev and Sumy regions (1054 people) – indicate that the majority of respondents
during quarantine training from home (distant training or mixed forms), had problems with
free access to computer equipment, often used mobile devices for work, which were ineffective
for performing certain tasks (figure 3).
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Figure 3: Accessibility of digital devices for students and teachers during the educational process at VS.

Here, suffice it to note that one of the obstacles to the high-quality educational process
organization in remote and mixed forms was insufficient Internet coverage. Unlike cities where
this problem practically does not exist, rural areas faced problems with the Internet access in
54% of the cases, according to students’ survey.

Apparently, nowadays, there are many problems in the state regarding the digitalization of
the education, which are primarily related to material and technical support. Along the way,
we note that this issue is topical for the entire global educational domain, and a large number
of countries are working to solve it. The Ukrainian government, the Ministry of education and
science of Ukraine, and the executive council bodies are also implementing a number of reforms
to overcome existing difficulties in digitalizing the educational sphere.

Among the measures on improving the quality of educational services while intensifying the
material and technical base of VS is the creation of educational and practical centers for modern
vocational education (Order No. 846 of the Ministry of education and science of Ukraine dated
26.07.2021). Thus, the creation of educational and practical centers for the profession of “Infor-
mation and software processing operator” (SVEI “Kozyatyn interregional higher professional
school of railway transport”, Vinnytsia region, SVEI “Bilotserkivsky professional Lyceum”, Kyiv
region) provides for a subvention from the state budget for the purchase of digital equipment.

Improving the material base is also possible through participation in grant programs. Since
2006, Vinnytsia region has been exercising a regional program for the development of infor-
mation and innovative technologies in educational institutions of the region, the purpose of
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which is to provide monetary remuneration for the purchase of digital equipment. Annually,
educational institutions of the region, including VS participate in the contest for the best project
in the field of development and application of information and innovative technologies in man-
agement activities, educational process and research work. The theme of the submitted projects
indicates the motivation of contest participants to the use of digital technologies in educational
institutions and the simultaneous possibility of implementing projects both during lessons
and in extracurricular activities, which expands the range of using digital equipment (table 1).
For example, for the period 2008–2021, through participation in the grant program, the state
educational institution “Vinnytsia higher vocational school of the service sector” purchased
equipment (computers and multimedia tools) for the sum of 295,000 UAH.

Table 1
Grant awarded projects submitted within the Regional program for the development of information
and innovative technologies (Vinnytsia region, 2020–2021).

VS Topic of the project submitted for the contest Year

SVEI “Vinnytsia interregional
higher professional school”

“Laboratory for network and information security of
the training and practical center for modern IT tech-
nologies” of the State Technical University “Vinnytsia
IHVS”

2020

Higher art vocational school No. 5
in Vinnytsia

“Creation of an educational cluster of 3D modeling
of ceramic, wood and metal items”

2020

SVEI “Vinnytsia higher professional
school of the service sector”

“Creating an interactive career counseling center” 2020

SEI “Center of vocational education
No. 1 in Vinnytsia”

“Deployment of an innovative educational and digi-
tal learning environment by the Google G Suite for
Education Service System” in the SEI “Center for vo-
cational education No. 1 in Vinnytsia”

2021

SVEI “Vinnytsia interregional
higher professional school”

“Video studio of distance education of an institution
of professional (vocational and technical) education”

2021

SEI “Brailov vocational lyceum” “Safety and comfort in the digital environment of a
vocational education institution”

2021

The next problem of digital transformation which VS face, is primarily the low level of digital
competencies of all participants of the educational process. To define the concept of digital
competence, we will use the Framework Program of updated key competencies for lifelong
learning, according to which, the concept of key competencies is understood as necessary “for all
people to increase personal potential and development, expand employment opportunities, social
integration and active citizenship”, namely, the concept of “digital competence” is interpreted
as “confident, critical and responsible use and interaction with digital technologies for training,
professional activities (work) and participation in society” [25]. For clarification, we note that
digital competence covers 3 areas of digital technologies use: training, professional activity and
participation in the social life.

There exist many mechanisms for determining digital competence. There is the European
framework of digital competence of teachers, developed for the teachers to determine their
own level of digital knowledge and find out the necessary needs for further improvement. This
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document contains criteria that enable to determine both the teacher’s professional digital
competence and that of the student. The Ukrainian platform “Diya”, in its turn, contains tests
to determine the digital literacy of citizens, among them – “Digital Programs for teachers”. In
April 2021 the Ministry of education and science launched a project to introduce an online tool
called SELFIE for assessing the digitalization state of an educational institution, the level of
digital competencies of participants in the educational process. It is clear that in the rapidly
digitalizing world, teachers also need to adapt to new realities.

However, the acquisition of new competencies does not only mean mastering new techniques,
but also rethinking the traditional idea of the role and tasks of the teacher. He must be open to
inevitable changes in modern education for the new generation, as the website of the Media
Center in Baden – Württemberg notes [26].

During this period, in most educational institutions, educational methodology departments
developed recommendations for conducting classes using remote technologies and posted them
on the websites on the “Methodological room” page.

In addition to methodological assistance, teachers of the VS have completed a large number
of trainings, master classes, webinars, etc. on improving the level of digital literacy over the
past period (table 2).

A significant contribution to the development of digital competencies of teachers of VS was
made by the Ministry of education and science of Ukraine through the implementation of the
European program “EU4Skills: the best skills for Modern Ukraine”, aimed at implementing
reforms in VS. Within the framework of this program, teachers of pilot institutions had the
opportunity to participate in training programs to improve the level of digital competencies.

The transition to distance learning led to updating teachers’ needs in mastering software
tools, namely, the needs:

1) to conduct training sessions online using programs for organizing video conferences – Zoom,
Google Meet, Microsoft Teams, etc.;

2) place and upload training materials in online services (Google Classroom, Microsoft Office
365);

3) maintain educational websites and blogs.

Our research suggests that teachers’ digital skills during the quarantine have significantly
increased due to 2 factors:

1) the above mentioned measures of raising teachers’ digital literacy;
2) teachers’ intensive use of digital devices for teaching.

During this period, they mastered the skills of working with Zoom, Google Meet, Microsoft
Teams, Google Classroom, etc., as evidenced by the results of our survey. The survey involved
312 teachers of Vinnytsia, Kyiv and Khmelnytsky regions VS – 196 teachers and 116 masters of
industrial training (figure 4).

The research shows, that teachers find a lot of positive aspects of digitalization of education.
They can find and share necessary pictures, charts, graphs with students instantaneously,
which saves time for other activities. This cannot be done in the classroom without any
Internet access and a computer. Sharing a screen is another advantage, because students can
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Table 2
Special measures taken to improve the level of teachers’ digital competence

Institution Measures

University of
Educational
Management
of the NAES
of Ukraine

Special courses:

• “Electronic educational platforms for distance learning of general secondary
education”;

• “Digital remote testing systems”;
• “Using Zoom and Google Meet to conduct online classes”;
• “G Suite: an effective tool for building the information and educational

environment of an educational institution”;
• “Features of creating electronic educational resources to maintain the dis-

tance educational process”;
• “Google services for organizing distance learning”;
• “Information culture of the head of a vocational education institution in the

era of digitalization”;
• “Innovative technologies in informal education as a component of teachers’

self-development”;
• “Vectors of digitalization of teachers’ professional development”;
• “Teacher’s professional development in an innovative educational environ-

ment”.

Institute of
vocational
education of
the NAES of
Ukraine

Webinars:

• “Practice of students’ self-organizing independent work”;
• “Organization of distance learning by means of LMS Moodle”;
• “Creating SMART complexes in the distance learning system”;
• “Organization of distance learning in vocational education institutions”;
• “Organizational and pedagogical conditions of distance professional train-

ing”;
• “Teacher’s self-educational activity in the context of distance learning”;
• “Using mobile applications in distance learning”;
• “Organizational and pedagogical conditions for the development of SMART

complexes”.

immediately download it and have necessary information close at hand. So, teachers welcomed
this opportunity and mastered it envisaging its significant benefits. Another advantage is
learning materials and tools accumulation which can be improved in the process and used
for the next generation of students. Such activities for teachers of VS, as well as for teachers
of other educational institutions, appeared to be new and required enhanced methodological
support and urgent professional development.

Returning to the main problems of digital transformation of VS, the third problem is the
lack of a high-quality digital educational environment. The analysis of regulatory documents
(standards of general secondary, professional (vocational-technical) education) enables to assert
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Figure 4: Improvement of VS teachers’ software skills of maintaining distant and mixed forms of
education (2020–2021).

that the information and educational environment (digital educational environment) combines
a complex of information educational resources, including digital educational resources, a
set of technological environments, information and communication technologies, a system of
modern pedagogical technologies that provide training in a modern information educational
environment.

Rapid development of technology creates new challenges for professional training of skilled
workers. For example, nowadays, Germany possesses 309 industrial robots per 10 thousand
skilled workers. This means that a specialist working at the relevant enterprise must develop
skills in working with automation systems, artificial intelligence, be able to control robotic
systems, and have developed technological thinking. And, if not long ago specialists in robotics
and artificial intelligence were trained only at higher education institutions, now in the world
practice has it a priority of professional education. In this sense, the experience of organizing
professional training in Germany draws attention. Such experience testifies to the state’s
response to professional training of workers in the context of rapid technological development.

One of the most promising professions of our time is mechatronics, a branch of applied robotics
science that combines mechanics and electronics. Mechatronic systems are used in various
fields: cosmonautics, aviation, mechanical engineering, food processing, etc., and require highly
qualified specialists to maintain them. There is no doubt, that mastering mechatronic programs,
studying artificial intelligence systems, and robotic devices requires expensive equipment and
the formation of appropriate professional skills of teachers and masters of industrial training.
An effective method of training in such conditions, as the German experience shows, is dual
training. It is the dual form of training that eliminates the problem of non-compliance of training
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laborers with employer’s needs, because the process of professional training takes place directly
in production (or in the service sector) with the involvement of specialists in the relevant field
in the training process.

Training of future specialists in mechatronics in Germany is carried out by Siemens, and
this form of training is part of vocational education in Germany: every year Siemens trains up
to 500 thousand skilled workers for the German economy. Simultaneously, students have the
opportunity to study on expensive equipment (in Germany, businesses invest up to 50 billion
euro per year to train specialists in artificial intelligence and robotics, while at the University
of North Carolina, such annual training of one student costs from 25 thousand to 44 thousand
dollars) [27].

In Ukraine, the training of future mechatronics specialists has generally remained the prerog-
ative of higher education institutions [28]. However, taking into account the world experience
and the needs of the economy, some VS see prospects for training specialists in this area, which
is supported by the Ministry of education and science of Ukraine through the implementation of
relevant programs, one of which is the EU program “EU4Skills: best skills for Modern Ukraine”,
which, for example, higher vocational school No. 21 of the city of Mykolaiv received half a
million UAH for the equipment of industrial training workshops and laboratories for profes-
sional training of future electricians, for their mastering renewable energy and mechatronics
systems. Within the framework of the program “EU4Skills: best skills for modern Ukraine”, the
institution has specialized laboratories for “robotics and smart home devices”, “power electrical
equipment” and “electric lighting and start-up equipment”. According to the data, the carried
out activities contributed to improving the level of professional training, taking into account
today’s requirements, creating an innovative educational environment for professional training
[29].

The process of digitalization also largely applies to the transport industry. Currently, transport
systems are undergoing significant changes in operation, and therefore repair. Unmanned
control technologies, neural networks, and artificial intelligence are the reality of the present and
the prospect of the future. In addition, the introduction of the latest technologies for regulating
traffic has led to the emergence of intelligent transport systems, which are a mixture of computer,
information technology and telecommunications developments along with knowledge in the
automotive and transport sectors. Intelligent transport systems are defined as the use of
computer, Information and communication technologies for driving vehicles, including their
repair and maintenance [30]. Specialists in the repair and maintenance of this type of transport
systems must have technological thinking, skills in working with electronic equipment and
control systems. However, training in this sphere also faces a number of problems: the lack
of highly qualified teachers-practitioners, the lack of the latest professional literature, the
imperfection of the material base, difficulties in organizing industrial practice and industrial
training. Therefore, in order to improve the level of professional training, the organization of
the educational process according to new, productive educational technologies for the motor
transport profile should cover the following elements, which can be applied to all the disciplines
of vocational training [31]:

• supply of the educational process with information sources;
• introduction of innovative production technologies with high educational potential;
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• creation of an innovative climate among teachers aimed at comprehensive professional
development;

• close cooperation with stakeholders, social partners, and employers with their involve-
ment in organizing the professional training process;

• material and technical support in accordance with modern requirements;
• availability of a modern highly equipped enterprise as a social partner for conducting

training qualified labor resources;
• available prospects for the introduction of advanced educational technologies;
• training of future specialists in accordance with the needs of the labor market.

Obviously, training future qualified workers requires the implementation of the latest ap-
proaches to professional training, the introduction of modern forms and methods of training. It
is not important without sufficient state provision, because digital equipment should be in the
hand of everyone. The next important aspect is ensuring digital literacy of both stakeholders of
the educational process: teachers and students, which can be done on the basis of VC as well.
Thus, VS can be both offer and receive educational services. Thus, as the research shows, among
the educational technologies decisive in the education of the future, we should highlight [32]:

• corporate online training (a training model that allows students to move along their own
route using adaptive formats);

• competence measuring (assessment of competency and individual learning progress);
• flipped learning technology (a form of blended learning with advanced homework assign-

ments);
• alternative learning styles (learning styles that offer students a more interactive experience

– writing code in a browser, completing online tasks);
• online training based on competencies (involves combining training modules, taking into

account flexibility and adaptability to the changing labor market), etc.

3. Conclusion

The conducted research enables to state that digital transformation of vocational schools is an
urgent process aroused both by the distant learning due to COVID-19 restrictions and primarily
by the global modernization through digitalization of production processes. The process of
digital transformation of vocational education implies a high level of digital competency of all
its participants, which calls for the search of and realization of effective forms of teaching and
learning applying digital technologies. A digital divide between teachers and students arouses
the necessity of systemic measures to eliminate it: raising teachers’ digital knowledge and skills,
students’ and teacher’s mastering various educational software and digital tools to apply them
for educational purposes.

Considering applicable and practical nature of vocational education, it should be realized on
a competency-based, student-centered approach, so that a student acquires necessary skills to
maintain complex automated digital processes at production etc.

Since digital technologies are considered as those rapidly developing and expensive, their
application requires their constant upgrading as well as upgrading of corresponding skills of
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working with them and sustain the educational process. Thus, it is possible only on the level
of interested parties – governmental, regional or municipal or other future employers who
can provide VS with necessary equipment and upgrade the software. Having access to high
quality digital equipment and necessary skills to work with it will raise students’ and teachers’
confidence and motivation.

Further research may be dedicated to studying person’s behavior in the conditions of the
virtual educational space, development of digital etiquette etc.
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Abstract
The article deals with the problem of strengthening the social dimension of higher education. It discusses
the definition of social dimension, its indicators, models of student retention and student engagement.
The article argues that students should act as active researchers of the topic of social dimension and
present the ways to update the content of university courses for Sociology majors, such as ”Mathematical
and statistical methods of social information analysis”, ”Social statistics and demography”, ”Multivariate
data analysis”, ”Structural equation modeling” and other courses for bachelors, master students, and
PhDs in Sociology.

Keywords
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1. Introduction

1.1. Setting of a problem

The social dimension of higher education has been the focus of attention of the European
educational community since 2001 [1]. In general terms, the social dimension means compliance
with the principles of equality, accessibility and diversity in the higher education system. The
Rome Ministerial Communiqué (2020) [2] proposes a definition of vulnerable, disadvantaged and
underrepresented groups of students, and sets out the principles that oblige public authorities
and higher education institutions to develop the relevant concepts, or to improve their policies
and strategies for strengthening the social dimension of higher education. Such principles
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include the continuous monitoring and collection of data for evidence-based statistics on
the topic of the social dimension of European higher education. The recent Eurostudent VII
Conference in Hannover, 2021 [3] featured the issue of the social dimension, the comparison of
the results of monitoring of this issue among European countries, and he definition of common
and special social dimensions. Consequently, the inclusion of the social dimension into national
strategies for the transformation of higher education remains a priority for the countries of the
European Education Area.

As an associate member of the EU, Ukraine is aiming to develop its higher education system
in compliance with European priorities. Therefore, training of the specialists who can develop
the social dimension of higher education is important task of Ukrainian universities.

Based on the conceptualization of the social dimension in higher education, its indicators and
models, the article is aimed to show the paths of including this topic in the training sociology
majors in Ukrainian universities.

1.2. Related work

The various aspects of computer modeling in education were summarized by Ukrainian scientists
within CoSinE workshop (2019–2021). Semerikov et al. [4] studied computer simulation of neural
networks; Bilousova et al. [5] discussed computer simulation in computational mathematics;
Soloviev et al. [6] presented cognitive process modelling using complexity theory methods.

Burke [7], Hauschildt et al. [8, 9, 10], Mishra and Diesner [11], Salmi [12, 13], Unger [14]
studied various questions of social dimension.

The problems of social and economic conditions of student life in Europe are summarized by
Hauschildt et al. [8, 9], Unger [14] as part of EUROSTUDENT.

Many scholars are interested in the problems that arise in model building on student retention
and student engagement: Tinto [15, 16, 17, 18, 19, 20], Spady [21, 22], Tight [23], Burke [7], Kerby
[24], Kricorian et al. [25].

We share the Tight [23] view that modern student’s success a not limited to learning. A wide
range of issues related to their families, friends, social environment influences their ability to
successfully complete studies and integrate. It is important that students participate in the study
of the problem of the social dimension, even as researchers.

That is why the purpose of our study is to find ways to include content on social dimension of
the higher education in the training of sociology majors. This training follows modern strategies
of [26, 27]:

• Shifting the focus of statistical tasks within the curriculum from mathematical calculations
to tasks of a practical nature.

• Integration of statistical thinking and statistical literacy into the curriculum of different
disciplines;

• Development of problem solving skills: students are offered open problems and the
teacher takes on the role of a ”facilitator” in the learning process.

• Using real life examples in project work;
• Developing strategies to increase students’ motivation;
• Using multidimensional models for understanding social phenomens.
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The issues of preparing sociology students and PhDs to use statistical models and education
statistics data are discussed in papers [28, 29, 30, 31].

2. Results

In London Communiqué, ministers agreed on the following definition of the social dimension:
”We share the societal aspiration that the student body entering, participating in and completing
higher education at all levels should reflect the diversity of our populations. We reaffirm the
importance of students being able to complete their studies without obstacles related to their
social and economic background. We therefore continue our efforts to provide adequate student
services, create more flexible learning pathways into and within higher education, and to widen
participation at all levels on the basis of equal opportunity” [32].

The Rome Ministerial Communiqué (2020) [33] proposes a definition of vulnerable, disadvan-
taged and underrepresented groups of students.

• Underrepresented students. A group of learners is underrepresented in relation to cer-
tain characteristics (e.g. gender, age, nationality, geographic origin, socio-economic
background, ethnic minorities) if its share among the students is lower than the share
of a comparable group in the total population. This can be documented at the time
of admission, during the course of studies or at graduation. Individuals usually have
several underrepresented characteristics, which is why combinations of underrepre-
sented characteristics (“intersectionality”) should always be considered. Furthermore,
underrepresentation can also have impact at different levels of higher education – study
programme, faculty or department, higher education institution, higher education system.
This definition is complementary to the London Communiqué, ”that the student body
entering, participating in and completing higher education at all levels should reflect the
diversity of our populations”, but does not fully cover it.

• Disadvantaged students: Disadvantaged students often face specific challenges compared
to their peers in higher education. This can take many forms (e.g. disability, low family
income, little or no family support, orphan, many school moves, mental health, pregnancy,
having less time to study, because one has to earn ones living by working or having caring
duties). The disadvantage may be permanent, may occur from time to time or only for a
limited period. Disadvantaged students can be part of an underrepresented group, but do
not have to be. Therefore, disadvantaged and underrepresented are not synonymous.

• Vulnerable students: Vulnerable students may be at risk of a disadvantage (see above) and
in addition have special (protection) needs. For example, because they suffer from an
illness (including mental health) or have a disability, because they are minors, because
their residence permit depends on the success of their studies (and thus also on decisions
made by individual teachers), because they are at risk of being discriminated against.
These learners are vulnerable in the sense that they may not be able to ensure their
personal well-being, or that they may not be able to protect themselves from harm or
exploitation and need additional support or attention.

EUROSTUDENT is an international survey project collecting data on the social and economic
conditions of student life in Europe. The dataset of this project covers many of important

126



aspects of student life: access to higher education, students’ demographic characteristics, their
educational background, types and modes of study, time budget, students’ income, employment,
types of housing, international mobility. The seventh round of the EUROSTUDENT project
started in June 2018 and finished in 2021. The purpose of project was to provide data on the
social dimension of European higher education for researchers, ministers, teachers, students,
policy-makers, and others. Data were collected in 18 countries in 2019. The version presented
during the Hannover Conference covered 20 countries and the final version is to be released in
August 2021. Author was a (virtual) participant of the Hannover conference that took place
on May 18–19, 2021. After discussion, Eurostudent VII participants presented some ideas for
imaging and innovating the social dimension of higher education after the pandemic (in two
words, figure 1).

Figure 1: Imaging and innovating the social dimension of higher education after the pandemic (in two
words). Source: https://twitter.com/EUROSTUDENTtwt/status/1394684695594639365

Unger [14] in his conference report showed the relation between social dimension measure-
ment and EUROSTUDENT VII data. EUROSTUDENT provides the following data:

• On many underrepresented groups (by sex, educational background, access (routes),
migration background, disability);

• On disadvantaged students (students with kids, disability, non-native speakers, delayed
transition, working, financial difficulties);

• On vulnerable students (direct: minors etc., and indirect: satisfaction, integration, difficul-
ties in study).

This data set allows to combine various parameters of the student body; different routes to
enter a university; drop-out intention; likelyhood to complete the studies by study intensity,
drop-out intention, satisfaction, various difficulties. EUROSTUDENT data not provided: specific
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national (minority) groups or issues; ethnicity, details on gender and sexual orientation; students
from alternative care.

Social dimension is directly connected to student retention. Undergraduate retention is an
institution of higher education’s ability to ”retain a student from admission until graduation”
[34]. The earliest studies of undergraduate retention in the United States occurred in the 1930s
and focused on what was referred to at the time as student mortality [35]. In 1975 Vincent
Tinto presented student integration model. By Tinto [15], students who socially integrate into
the campus community increase their commitment to the institution and are more likely to
graduate.

Figure 2: Tinto’s model of dropout process [15, p. 95].

Tinto’s student integration model has changed over the course of the 45 years from when it
was originally introduced [15, 16, 17, 18, 19, 20]. In the recent versions motivational variables
have included. The following motivational theories from educational psychology and social
psychology have been applied to theoretical developments and practice of undergraduate
retention: articular theory, attribution theory of motivation; expectancy theory, goal setting
theory, self-efficacy beliefs, academic self-concept, motivational orientations and optimism [34].

Tight [23] remarks that ”student retention is the older of the two concerns, at least in
research terms, and was formerly also known by other, more negative, synonyms, such as
student withdrawal, attrition and dropout. Student engagement, through which the student is
involved in the higher education experience as deeply as possible, though a more recent concern,
represents an obvious positive response to the problem of student retention. In other words, the
more engaged a student is – with their higher education and the institution from which they
are receiving it – the less likely they are to voluntarily leave higher education before they have
completed their studies”. The researcher provided bibliographic search using Scopus (2018) the
numbers of times the exact words ‘student retention’ and ‘student engagement’ appeared in the
titles of published English language (figure 3).

The conclusions of the research and the data collected during this study will enrich the
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Figure 3: Numbers of articles with the words ‘Student Retention’ and ‘Student Engagement’ in their
titles [23].

content of university courses. In particular, this applies to the NTUU ”IS KPI” course on Social
Statistics (and Education Statistics, which is a component of the said course); to the courses
on the Methods and Methodology of Sociological Research and Data Analysis, to the PhD
courses on Multidimensional Research Methods; Master courses on Cross-National Research in
Sociology, and Quantitative Methods of Social Processes Analysis.

An important problem in data analysis teaching is the development of student’s motivation.
One example of the development of positive educational motivation, in our view, is the use of
interesting data sets relevant to learner’s area. Social statistics course is a second-year course
for sociology majors. This course is preceded by a mathematical methods course, so there is
every reason to use these methods when analyzing social statistics data.

One of the most important sections of social statistics is education statistics. One of the main
objectives of the statistical study of education is the social and economic life of students.

Social dimension is important topic of measurement in education statistics. Consider how
we can use the EUROSTUDENT data in teaching the analysis of education statistics.

Therefore, first, we recommend that students visite the following page: http://database.
eurostudent.eu/. There they will see the following parameters:

A. Demographics
B. Transition and access
C. Types and modes of study
D. Socio-economic background
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E. Housing situation
F. Students’ expenses
G. Students’ resources
H. Employment and time budget
I. International student mobility
J. Assessment of studies

Table 1
Students’ satisfaction with their current study programme: Organisation of studies (Slovakia) (based on
Eurostudent VI data).

Female (in %) Male (in %)

Organization of studies: (very) satisfied 53.8 58.6
Cat.3 – unlabelled 24.2 24.6
not satisfied (at all) 22 16.8

In all figures and tables, the following abbreviations are used to refer to the participating
countries: AL Albania; AT Austria; CH Switzerland; CZ Czech Republic; DE Germany; DK
Denmark; EE Estonia; FI Finland; FR France; GE Georgia; HR Croatia; HU Hungary; IE Ireland;
IS Iceland; IT Italy; LT Lithuania; LV Latvia; MT Malta; NL The Netherlands; NO Norway; PL
Poland; PT Portugal; RO Romania; RS Serbia; SE Sweden; SI Slovenia; SK Slovakia; TR Turkey.

Students must select focus-group. These groups are:

• All students
• Age group
• Sex
• Educational background
• Type of higher education institution
• Type of study programme
• Field of study
• Study intensity
• Transition route
• Educational origin
• Dependency on income source
• Students in paid employment
• Financial difficulties
• Migration background
• Impairments
• Housing situation
• Access route
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Table 2
Students’ satisfaction with their current study programme: Study facilities (Slovakia) (based on Eurostu-
dent VI data).

Student without impairments (in %) Student with impairments (in %)

Study facilities: (very) satisfied 63.3 50.2
Cat.3 – unlabelled 23.1 27.9
not satisfied (at all) 13.7 21.9

We can obtain actual tables by combining features “Assessment of studies”, “Sex” and “Impair-
ments” for a single country or several countries. We can observe and discuss gender differences
and differences related to impairments (tables 1-2).

Using Eurostudent VI Appendix C3 Metadata, we can compare the percentage of student
aged 30 and older in European countries (figure 4) and percent of students with impairments
(figure 5).

Figure 4: Percentage of students aged 30 and older (based on Eurostudent VI data).

It is interesting to compare these data with the data of the State Statistics Committee of
Ukraine.

We can also apply correlation analysis, hypothesis testing, and discriminant analysis to these
data by raising relevant research questions (i.e. educational and migration background and
others).

In the table 3 we summarized the path to integrate the topic “Social dimention of higher
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Figure 5: Percent of students with impairments (based on Eurostudent VI data).

education” into sociology students training (on example of National Technical University of
Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”).

Here are two examples.
In the course “Structural equation modeling” students are asked to analyze the model built

by researchers from Luxembourg with Eurostudent VII microdata (figure 6) [36]. Research
questions of this model are as follows: “How do individual characteristics impact the dropout
intention via student commitment and integration? Does institutional support mediate this
effect/relationship?”. Original conclusions obtained by researchers are: 1) gender as an individual
characteristic showed no effect on any of the factors; 2) social integration regarding fellow
students had no effect on study commitment, while social integration regarding University
teachers showed the expected positive effect. As a case study, it is proposed to test this model
in other countries and discuss the results.

The course “Social networks analysis” is selective and enrolled by students of various special-
ties. During the course, students learn to receive data from social networks and analyze them.
One of the cases is the search queries about topics of the social dimension of higher education
in Twitter, in particular with the hashtag #Eurostudent. The graph of the network with clusters
is presented in figure 7. The data were obtained in the free version NodeXL for the period 25–29
November 2021. Students analyze this data using cloud tools: R environment, NodeXL, Gephi;
they calculate and interpret key social networks metrics, at the user, group and network levels;
visualize a graph of the network. For example, one of didactics task: to find and describe the
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Table 3
Integration of topic “Social dimension of higher education” into sociology student training.

Discipline name Level of edu-
cation

Year
taught

Content

Mathematical and statis-
tical methods of socio-
logical data analysis

Bachelor 1-2 Integration of the SD topic into practical
classes and individual projects: descriptive
statistics, correlation, regression. Use of Eu-
rostudent YI, YII, Eurostat, Ukrstat databases

Methodology and meth-
ods of sociological re-
search

Bachelor 1-2 Integration of the the SD topic into practi-
cal classes and group projects: survey, focus-
group with underpresented studemts, data
ethics, expert survey.

Social statistics and de-
mography

Bachelor 2 Integration of the SD topic into practical
classes and individual projects: education
statistics unit. Use of Eurostudent YI, YII, Eu-
rostat databases and others.

Social networks analysis Bachelor 4 Twitter data analysis about topic social di-
mention in R Studio, NodeXL, Gephi. Twitter
search with #Eurostudent

Multidimensional data
analysis

Master 2 Integration the SD topic into practical classes
and individual projects: Anova, discriminant
analisys, factor analysis, cluster analysis mod-
els.

Actual problem of sociol-
ogy research

PhD 2 Integration of the SD topic into theoretical and
practical classes and individual projects: focus-
group interview, data ethics, Eurostudent YII
microdata, Ukrstat.

Structural equation mod-
eling

PhD 2 Integration the SD into practical classes and
individual projects: student retention and stu-
dent engagement SEM models, Eurostudent
YII microdata, Ukrstat.

social mediators of the network: the actors with both high betweenness and high in-degree
centrality values (German Centre for Higher Education Research and Science Studies (DZHW);
Praxis Centre for Policy Studies (Praxis), Estonia).

3. Conclusions and perspectives of further research

Strengthening the social dimension of higher education is a priority task in the EHEA [10, 12, 37].
The students from vulnerable, disadvantaged and underrepresented groups are not sufficiently
and systematically researched in Ukraine [38]. This includes the groups of students directly
involved in the armed conflict, i.e. young people from the uncontrolled regions of Crimea
and Donbas; students from internally displaced families, children of the participants of the
anti-terrorist operation, students with special educational needs, foreign students, and female
students in STEM (Science, Technology, Engineering and Mathematics).
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Figure 6: SEM model “Roles of individual characteristics and institutional support in students’ higher
education drop out intention in Luxembourg” [36].

Figure 7: Twitter search with hashtag #Eurostudent. Network was obtained in the free version NodeXL
for the period 25–29 November 2021 in the course “Social network analysis”.
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Modeling methodology helps to determine the effectiveness of educational innovations in
different contexts of social dimension, and to study phenomena in their interrelations and latent
factors.

This article presented the ways to update the content of the following university courses for
sociology bachelors, master students, PhDs: “Mathematical and statistical methods of social
information analysis”, “Social statistics and demography”, “Multivariate methods data analysis”,
“Structural equation modeling”.

Further work in this direction includes the creation and study of structural equations model
on student engagement and student integration with the help of Eurostudent data set.
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Designing a rating system based on competencies for
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activities
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Abstract
One of the indicators of the influence and competitiveness of university is participation in international
and local rankings. In the methodologies of the most authoritative rankings, the quality and transparency
of Universities is assessed by indicators of the university teachers’ publishing activity. The article
analyzes the experience of designing systems that analyses university teachers research activities,
tools and components of evaluating the effectiveness of research, designed a structural and functional
model of rating system for the analysis the university teachers’ research activities taking into account
research and digital competencies. The developed model provides performance of the basic functions
and allows for systematic monitoring of openness, transparency, efficiency of the research component
of university teachers’ professional activity. The model was based on key indicators for evaluating the
effectiveness of research – citation indicators of the three most important scientometric databases –
Scopus, Web of Science, Google Scholar. The connection between the indicators presented in the model
forms a portrait of the university teachers’ scientific activity, gives an overall assessment of productivity,
influence and contribution to the research direction of the university as a whole. The article describes 1
stage of implementation of the presented model by developing a “Rating of Transparency of Structural
Units”, the effectiveness of experimental ranking. The study has established the positive impact of the
implementation of the rating system, identified the main activities to increase the visibility, presence,
dissemination of research results, the systematic implementation of which contributes to the optimal
representation of the scientist in the rating evaluation of the research component of the university
teachers professional activities, improving the digital competence of teachers and positively affects the
quality indicators of the university scientific work in local and international rankings, as the existence of
the system and the formation of ratings is an incentive for university teachers to present and disseminate
their own publishing activities in the international online scientific community.
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1. Introduction

The main priority of each university is to provide quality educational services, increase compet-
itiveness in the educational market and to attract the most promising students. Participation
in international and domestic rankings is an important tool for measuring the competitive-
ness of Universities. In the methodologies of the most authoritative rankings, the quality and
transparency of Universities are assessed by indicators of publishing activity of researchers.
Indicators of the scientific citations’ quality according to Google Scholar Citations and citations
in influential scientific journals are taken into account in international rankings – “Academic
ranking of world universities” (ARWU), “QS Top University Ranking”, webometric ranking of
world universities “Webometrics”, “Transparent ranking: Top Universities by Google Scholar
Citations” and Ukrainian – “University ranking by Scopus indicators”, “Top-200 Ukraine”, “Con-
solidated rating of higher education institutions of Ukraine”, “Bibliometrics of Ukrainian science”
[1]. To ensure optimal representation of the university in international and Ukrainian rankings,
it is necessary to develop and implement a rating system for the analysis the research activi-
ties of university teachers to monitor and qualitatively analyze the effectiveness of research
activities of university teachers and timely develop systemic measures to increase openness,
transparency results of research activities, wide dissemination in the international scientific
network communities for popularization and collaboration.
The purpose of the study is to build a structural and functional model of a rating system for

the analysis the research component of university teachers’ activities based on key indicators
of research and digital competencies.

2. Research of the experience of the analysis of research activity
of the university teachers in the European space of higher
education

Delgado López-Cózar et al. [2], Martín-Martín et al. [3], Bykov and Spirin [4], Bykov et al.
[5], Semerikov et al. [6], Vakarenko [7] studied the features of the analysis of research results
using open scientometric and bibliometric systems.

Theoretical bases of rating assessment of teachers’ activity of the Ukrainian Universities
were studied by Dzoba [8], Reheilo [9], Yaroshenko [10]. Yaroshenko [10] emphasized the need
to modernize indicators of the teachers’ research activities, in accordance with the modern
realities of university education, summarizes the main characteristics of the rating assessment
of the teachers: purpose, objectives, functions and ranking principles. Reheilo [9] considered
the main conceptual principles of evaluating the effectiveness of the teachers’ research activities,
analyzed the principles, structural components and indicators of evaluation of the teachers’
scientific activities in the European higher education area.

Issues of assessing the quality of research results were studied by Kostenko et al. [11],
Shynenko et al. [12], Gasparyan et al. [13].

Hohunskyi et al. [14] determined that the use of profiles by scientists in Google Scholar,
ORCID, Mendeley, Academia, ResearchGate increases the visibility of publications in the infor-
mation space and has a positive effect on increasing citation rates.
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In [11] the information-analytical system “Bibliometrics of the Ukrainian Science”, developed
by Social communication research center, which is the register of bibliometric profiles of
researchers and research teams in the most authoritative scientometric databases, as Scopus,
Web of Science and Google Scholar. The system allows to analyze the local scientific potential,
to carry out a comparative analysis of the effectiveness of Ukrainian scientists in the fields of
science, cities, affiliation, agencies, etc. by constructing rating tables on the value of h-indices
in Scopus, Web of Science or Google Scholar databases [15]. Open profiles of a scientist in
scientometric databases are a passport of a scientist in the European space of higher education,
which reflects his authority and influence on the development of a particular field.

Spivakovsky et al. [16] describes the experience of designing an information system to analyze
the research activities of university teachers, tested on the basis of Kherson State University
and Kherson State Maritime Academy. The system implements tools for constructing teachers’
ratings by the main indicators of scientific citation in the databases Scopus, Web of Science,
Google Scholar, Semantic Scholar, Tutor Network. Ratings are built in the context of structural
units, departments and scientific journals. The rating of departments is based on the maximum
value of citation profiles of all employees in the department in these databases [17].

The project Open Ukrainian Citation Index (OUCI), developed by the State Scientific and
Technical Library of Ukraine, was studied by Nazarovets [18]. OUCI is a search engine and
database of scientific citations that contains meta-data of all publications that use Cited-by
service from Crossref and support the Initiative for Open Citations. The OUCI database con-
tains metadata of scientific publications that receive DOI from Crossref and takes into account
citations between publications. OUCI is designed to simplify the search and analysis of research
results and expand the presentation and visibility of Ukrainian scientific publications in inter-
national search engines, such as Dimensions, Lens.org, 1findr, Scilit, etc [19]. The implemented
analytical tool allows to assess the state and dynamics of the development of scientific potential
in terms of fields of knowledge, years, to select the appropriate scientific journal for publication.

A common practice among universities is the implementation of rating systems to assess
the professional activity of university teachers, as part of the system of quality assurance
in education, one of the areas of which is research. Borys Grinchenko Kyiv University has
introduced the “E-portfolio” system, which reflects the detailed picture of the teacher’s activity
with certain quantitative and qualitative indicators of activity. The system allows not only to
create an e-portfolio of the teacher, but also to form rating tables of indicators for assessing the
main activities of each university teacher [20].

Borys Grinchenko Kyiv University has introduced the Corporate Standard of Research Activity
of Employees and the Corporate Standard of Digital Competence of Teachers, which present
and correlate the performance indicators of university teachers’ research activity and their
corresponding indicators of the levels of formation of teachers’ digital competence (figure 1).

One of the indicators of university teacher’s compliance with the Corporate Standard of
Research Activities of the staff of Borys Grinchenko Kyiv University [21] is the indicator of
scientific recognition, which is determined by the values of citation indices in the scientometric
databases Scopus, Web of Science, Google Scholar. The key to optimal presentation of research
results in scientometric databases is a sufficient level of digital competence, which lies in the
ability to effectively use open digital systems in own research, create, update, supplement the
articles of the scientist profile in scientometric databases, distribute research results in scientific
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Figure 1: Correlation of indicators of the Corporate Standard of Research Activity and the Corporate
Standard of Digital Competence of the staff of Borys Grinchenko Kyiv University.

Table 1
Comparative table of indicators of the Corporate Standard of Research Activity and the Corporate
Standard of Digital Competence of the staff of Borys Grinchenko Kyiv University.

Corporate Standard of Research Activity Corporate Standard of Digital Competence

Scientific recognition:
Scientometric indicators from databases Scopus,
Web of Science and Google Scholar

• h-index
• i10-index
• Number of citations
• Number of publications

• Actualization of scientist profiles in scien-
tometric databases;

• Dissemination of research results;
• Systematic use of digital tools in conduct-

ing and disseminating research results.

web-communities and social networks [22] (table 1).
Analyzing the experience of developing rating systems for the analysis the activities of uni-

versity teachers, it was determined that the most common quantitative indicators of evaluation
of research activities are publications in journals included in influential scientometric databases;
values of citation indices in scientometric databases – Scopus, Web of Science, Google Scholar,
etc. [20].
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3. Tools for determining the publishing activity of the university
teachers

The most common tools for assessing the publishing activity of the university teachers are
the determination of citation indices in scientometric databases. Scopus and Web of Science
databases allow scientometric analysis of a scientist’s productivity by analyzing the dynamics of
the number of publications in influential international publications, the influence and demand
of scientific work, analyzing the dynamics of bibliographic references and citation indices by
years [23].

Scopus and Web of Science have powerful analytical tools SciVal and InCites. The tools allow
for a comprehensive analysis of the effectiveness of research on a wide range of indicators:
impact, productivity, collaboration, open access, the impact of journals, etc. in a visualized
form; identify promising areas of research, expand the range of scientific collaboration and
cooperation.

An alternative to commercial systems is the free Google Scholar system, which indexes
full-text scientific publications from many disciplines in various databases. The main advantage
of Google Scholar is its freeness and the fact that its index is not limited to a certain list of
journals, unlike commercial scientometric databases like Scopus, Web of Science, but more
broadly covers the web space, it indexes publications on sites electronic journals, repositories,
electronic conferences, personal blogs of scientists, etc. For efficient indexing, web resources
must be based on platforms with special meta tags (EPrints, DSpace, Open Conference System)
[24], from which the Google Scholar system receives basic publication metadata or publication
files designed according to certain requirements for document formatting, design of titles,
personal data of the authors, the main content of the article, the list of sources used, etc [4]. The
Google Scholar system allows researcher to create a personal profile and add system-indexed
publications to it. The Google Scholar researcher’s profile has tools for analyzing statistics
on citations of publications by year, allows you to track the total number of citations, h-index
and i10-index, which are calculated based on the total number of publications and the number
citations of individual indicators for the entire period of scientific work and for the last 5 years
in digital form and in the form of a comparative histogram [23].

A comparison of the available indicators for evaluating the effectiveness of the researcher’s
research activities in the profiles of the most common scientometric databases is given in table 2.

The analysis of indicators confirms that for a full-fledged comprehensive assessment of the
effectiveness of research in various areas it is necessary to use a set of indicators of important
scientometric databases.

4. Research results

4.1. Structural and functional model of the rating system for the analysis the
research activity of the university teachers

The most important scientometric databases that demonstrate the effectiveness of the university
teachers’ research activity are Scopus, Web of Science and Google Scholar, in which the values of
bibliographic citation are used as quantitative indicators of evaluation and analysis. At the same
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Table 2
Comparative table of scientometric indicators in the scientists’ profiles.

Scopus Scival
Web of
Science

Publons InCites
Google
Scholar

ResearchGate

Number of publications + + + + + - +
Citation + + + + + + +
h-index + + + + + + +
i10-index - - - - - + -
Average citation value - - + - + - -
Altmetric indicators (recommen-
dations, readings)

+ - + - - - +

Without self-citation + + + - + - +
Visualization + + + + + + -
Analysis of indicators + + + + + + +
Reports + + + - + - -
Making connections + + + + + + +

time, it is important for university teachers to comply with the Corporate Standard of Research
Activity and the Corporate Standard of Digital Competence, as the level of research and digital
competence directly affects the quality of research and therefore the university’s ranking in
international and local rankings. That is why the basis of the model of the rating system for the
analysis the research activity of the university teachers are these three scientometric databases.

The main principles in developing the methodology of the rating system for the analysis the
research activity of the university teachers were objectivity, measurability and transparency.
That is why as indicators of the effectiveness of university teachers’ research activities were
selected indicators of citing scientific publications in open teachers’ profiles in Scopus, Web
of Science and Google Scholar that is easy to get and check – the number of bibliographic
references, the h-index and i10-index.

The rating system for the analysis the research activity of the university teachers performs
the following functions:

• informational – the formation of a single information base of indicators of research
effectiveness of university teachers for quality assessment;

• visualization – presentation of information in a visualized form to improve perception,
reporting;

• motivational – the formation of an atmosphere of healthy competition, activation of the
scientific potential of the university;

• competence – encouraging teachers to create, update, actualization information in their
own profiles in scientometric databases;

• analytical – analysis of the current state of the research component of the departments
and the university as a whole, identification of factors influencing the effectiveness of
teachers’ research activities, identification and analysis of relationships;

• prognostic – forecasting of perspective trajectories of the university development, system
measures development for increasing the indicators of efficiency of the university teachers’
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research activity;
• managerial – information basis for making managerial decisions.

The implementation of certain functions is possible in the presence of the following structural
components of the rating system for the analysis the research activity of the university teachers.

The administrative component provides for the delimitation of access rights to the rating
system – administrator, teacher, guest. Administrator rights include the start of rating formation,
marking of incorrectly filled profiles, export of reports. The rating is available to university
teachers and unauthorized users only for review and analysis.

Organizational component. For each lecturer of the Borys Grinchenko Kyiv University, a
profile in the “E-portfolio” system is automatically generated, from which data on affiliation
and scientific citation are obtained.

The technological component (figure 2) includes obtaining scientometric indicators from
Scopus databases, Web of Science and the Google Scholar system and teachers’ personal data.
The “E-portfolio” system of the Borys Grinchenko Kyiv University automatically synchronizes
the values of bibliographic references, h-index and i10-index for the last 5 years from the
bibliographic profile of the scientist in the Google Scholar system, a link to which the teacher
can add to his portfolio.

Scientometric indicators from the Scopus and Web of Science profiles are entered the
“Database of activity registers”, the data from which are automatically synchronized in the
teachers’ profile in the “E-portfolio” system. The relationship between the systems is imple-
mented through APIs. The values of scientometric indicators from the Scopus, Web of Science
and Google Scholar databases available in the profile are obtained during the formation of the
“Rating of Transparency of Structural Units”, which is one of the results of the designed model.

Effective component – based on the collected data on the affiliation and scientometric indica-
tors of teachers are formed rating tables of research effectiveness of the university as a whole
and in terms of departments and departments, based on which the ability to export reports.

Communication of all components is provided in the Borys Grinchenko Kyiv University
Digital Campus.

Thus, the structural and functional model of the rating system system based on competencies
for the analysis the research activity of the University teachers will have the following form
(figure 3):

4.2. Development of a transparency rating and methodology for its
construction

Based on the presented model, a rating was developed, which is one of the indicators of
system performance. As a result of experimental implementation, a “Rating of Transparency of
Structural Units” by citation indicators in Google Scholar was developed, which ranks teachers
according to their indicators of publishing activity (figure 4).

The proposed model of the rating system was implemented as a web-oriented client-server
architecture. PHP programming language using the MVC architectural model was used in the
development of the server software. The web user interface is implemented using HTML, CSS
and JavaScript.
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Figure 2: Technological component of the structural-functional model of the rating system for the
analysis the research activity of the university teachers.

The average citation rate per university teacher was determined in order to build the ranking
of the structural units, as this approach reflects the contribution of each individual teacher to
the scientific achievement of the structural unit and the performance of the research team as a
whole. The ranking of structural units and chairs in the “Rating of Transparency of Structural
Units” is carried out in descending order of the value of the average citation rate per 1 university
teacher. In the case of the same average citation rates, the structural units and chairs are sorted
in descending order of the total number of citations of teacher profiles. The choice of the Google
Scholar system is due to the fact that, unlike the scientometric databases Scopus and Web of
Science, it has a wider coverage and includes publications from these databases and has a high
level of correlation in citation values with Scopus, Web of Science, which confirmed by the
results of research [3, 25], which provides a greater presence of University teachers in the
ranking.
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Figure 3: Structural and functional model of the rating system based on competencies for the analysis
the research activity of the university teachers.

In the context of chairs, a list of teachers is displayed, ranked in descending order of the value
of the total number of bibliographic references according to the Google Scholar (figure 5). The
detailed table of research performance indicators contains the values of the total number of
bibliographic references, h-index, i10-index and the link to the profile in the Google Scholar.

Creating a database of scientific profiles of researchers in Google Scholar allowed to implement
the designation of incorrectly configured profiles in one place.

For further analysis of rating positions and indicators of the university teachers’ research
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Figure 4: “Rating of Transparency of Structural Units” by citation indicators in Google Scholar.

Figure 5: Ranking of the university teachers by citation indicators in Google Scholar.

activities, construction of visualized reports on the effectiveness of research activities, it is
planned to implement the 2nd stage of research – expanding the rating for other indicators
presented in the model – the number of publications and citation indices in Scopus and Web
of Science databases, establishing relationships to increase the university teachers’ publishing
activity.
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4.3. Influence of the rating indicators on the improvement of the university
teachers’ research activity

The research took place in several stages: preparatory, design, experimental (implementation).
At the preparatory level, the theoretical foundations of rating of evaluation the university

teachers’ activity were investigated. At the design stage, a structural and functional model of
the rating system for the analysis the research activity of the university teachers was designed,
“Rating of Transparency of Structural Units” by citation indicators in Google Scholar was
developed and a preliminary rating was built. For two months, the administration and university
teachers had the opportunity to review and analyze the data of the previous rating, after which
an experimental rating was built.

The analysis of preliminary and experimental ratings (figures 6, 7), built with an interval of
2 months, confirmed the positive dynamics of research performance. The availability of the sys-
tem and the formation of ratings is an incentive for teachers to update their e-portfolio profiles,
create profiles in scientometric databases, in the absence, update information in scientometric
profiles, including Google Scholar, supplement indexed publications, dissemination of research
results, their discussion in the international online scientific community, thus developing skills
in using digital technologies in organizing research and disseminating results.

Figure 6: Google Scholar citation rates in preliminary and experimental ratings.

According to the results of the study, it was found that the optimal presentation of the results
of university teachers’ research activities in ranking is facilitated by:

• implementation of open access, transparency, openness of research results;
• preference for publications, assigning articles a unique DOI identifier, which facilitates

publication identification and provides a permanent publication link, regardless of changes
in the publication web address;

• creating profiles and periodically adding new scientific developments to scientometric
and bibliometric databases such as Google Scholar, ResearchGate, Mendeley, and the like;
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Figure 7: Diagram of indicators of preliminary and experimental ratings.

• use of ORCID scientist identifier to correctly identify the affiliation of the article to the
author’s profile;

• implementation of dissemination activities to increase visibility and presence in the
international online scientific community.

Currently, work is underway to refine and expand the rating for other indicators of Scopus,
Web of Science, presented in the model to obtain a full rating system; systems of analytics
and statistics with the formation of dynamic visualization of the effectiveness of the scientific
potential of the university.

5. Conclusions

For optimal presentation of the university’s activity in international and Ukrainian rankings,
ensuring the competitiveness of the university, it is important to systematically monitor the
openness, transparency of the effectiveness of the university teachers’ research activities. An
effective tool for monitoring is the development and implementation of a rating system for
research analysis.

The system is based on the three most important scientometric databases – Scopus, Web of
Science, Google Scholar and provides the main functions – information, visualization, motivation,
competence, analytical, prognostic and managerial. The rating system is implemented as a
web-oriented client-server architecture. One of the components implemented in the system at
the 1st stage of the study is “Rating of Transparency of Structural Units” by citation indicators
in Google Scholar. According to the results of the study, recommendations were developed
to improve the quality of research activities. The formation of the ranking has confirmed the
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importance of designing a system to analyze research activities, improve the quality of scientific
research, disseminate research results in the international educational space, to analyze teachers’
own professional development, monitor the scientific growth of university teaching staff and
obtain visualized analyses in real time. The prospects for further research is considered in the
adding other research activity indicators to the ranking, realisation of real-time updates to the
rating system, integration of modern business intelligence systems to build visualised statistics
to analyse the effectiveness of the research component of the university’s activities.

The systematic implementation of measures to ensure open access to own research results,
to increase the visibility, transparency and dissemination of the results of research activities in
the Internet space contributes to the optimal representation of the scientist’s activities in the
rating evaluation of the research component of the professional activities of university teachers,
improving the professional competence of teachers and positively influencing on the indicators
of quality of university’s scientific work in local and international rankings.
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Abstract
In the process of self-assessment and accreditation examination, assessment is carried out according to
a scale that covers four levels of compliance with the quality criteria of the educational program and
educational activities. Assessing the quality of education is complicated by the fact that the value of
quality criteria is due to a large number of factors, possibly with an unknown nature of influence, as well
as the fact that when conducting pedagogical measurements it is necessary to work with non-numerical
information. To solve these problems, the authors proposed a method for assessing the quality of
educational programs and educational activities based on the adaptive neuro-fuzzy input system (ANFIS),
implemented in the package Fuzzy Logic Toolbox system MATLAB and artificial neural network direct
propagation with one output and multiple inputs. As input variables of the system ANFIS used criteria
for evaluating the educational program. The initial variable of the system formed a total indicator of
the quality of the curriculum and educational activities according to a certain criterion or group of
criteria. The article considers a neural network that can provide a forecast for assessing the quality of
educational programs and educational activities by experts. The training of the artificial neural network
was carried out based on survey data of students and graduates of higher education institutions. Before
the accreditation examination, students were offered questionnaires with a proposal to assess the quality
of the educational program and educational activities of the specialty on an assessment scale covering
four levels. Student assessments were used to form the vector of artificial neural network inputs. It was
assumed that if the assessments of students and graduates are sorted by increasing the rating based
on determining the average grade point average, the artificial neural network, which was taught based
on this organized data set, can provide effective forecasts of accreditation examinations. As a result of
comparing the initial data of the neural network with the estimates of experts, it was found that the
neural network does make predictions quite close to reality.

Keywords
evaluation criteria, educational program, educational activities, prognostication, rating, ANFIS, artificial
neural networks
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1. Introduction

In assessing the quality of education, as well as in conducting pedagogical research, we are
faced with information that has non-numerical characteristics that are difficult to formalize. For
example, the number of computers, the number of students, the area of educational premises in
a higher education institution are measurable, but the evaluation of the educational program
and educational activities according to the educational program is carried out according to
non-numerical criteria. The institution in the process of self-assessment, and subsequently the
experts in the process of accreditation examination, must assess according to the assessment
scale, which covers four levels of compliance with the criteria: A, B, E, F.

As a result, there is a need to build methods for quantitative description of processes and
subjects related to assessing the quality of the educational program and educational activities.
Of particular importance is the quality of education, which means some total indicator that
reflects the results of the educational institution, as well as compliance with the needs and
expectations of society (different social groups) in the formation of individual competencies. The
methods of quantitative evaluation of the educational program and educational activities under
this program will allow the higher education institution to identify existing shortcomings and
potential problems, as well as provide an opportunity to address them before the accreditation
examination.

Assessing the quality of educational programs and educational activities is complicated by
the fact that the value of this indicator depends on many factors, possibly with an unknown
nature of influence. Also in this case there is a specificity of the “product” of education – a
graduate of an educational institution, which should be considered as a complex system. There
are various methods and algorithms for assessing the quality of educational activities. In this
study, we propose a method of assessing the quality of educational programs and educational
activities based on the neuro-fuzzy approach, due to the active development of analytical
systems, based on the technology of artificial intelligence. The most popular and proven of
these technologies are neural networks, which successfully solve a variety of “fuzzy” tasks –
prediction, classification, recognition of handwritten text, language, images [1, 2, 3, 4, 5, 6]. In
such problems, where traditional technologies are powerless, neural networks often act as the
only effective solution. In this work, artificial neural networks are used to solve the problem of
assessing the quality of educational programs and educational activities.

Mandatory conditions for accreditation are compliance with the educational program and
educational activities of the higher education institution under this educational program with the
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criteria established by law. In particular, the forms and methods of teaching should contribute to
the achievement of the stated goals of the educational program and program learning outcomes.

Since the educational program and educational activities must meet the requirements of
a student-centered approach and the principles of academic freedom, the hypothesis of the
study is that based on a sample of students and graduates of higher education, the quality of
educational programs and educational activities, which will be able to adequately perform a
comprehensive assessment of the quality of the educational program and educational activities.

Intelligent data processing using a neural network allows forming forecast probabilities of
values of future results of accreditation examination in a higher education institution, which
can contribute to the improvement of measures to improve the educational program. The
results of forecasting can be used by the management of faculties and graduating departments
as informative and recommendatory. In addition, guarantors of educational programs based on
forecasts can plan activities and individual work with teachers to positively change the forecast.
Thanks to the analysis of the received data it is possible to reveal weak points of the educational
process that will give the chance to modernize it.

With this in mind, the article aims to substantiate, develop and implement a mathematical
model of a comprehensive assessment of the quality of educational programs and educational
activities based on the methods of the neuro-fuzzy approach.

1.1. Theoretical background

Assessing the quality of educational activities according to clearly defined criteria and method-
ologies is an important task in the process of accreditation of educational programs, which
are used to train applicants for higher education in Ukraine. In the process of preparing for
accreditation and preparation of materials for self-assessment of the educational program, there
are problems in determining the objectivity of self-assessment and finding potential problems
and shortcomings of educational activities. Due to this problem, the urgent task is to find
mathematical tools that could be used by managers of higher education institutions in their
approaches to determining the quality of educational services offered.

The paradigm shift in educational philosophy and practice has led to focusing primarily on
student learning outcomes. The educational process should be results-oriented - what exactly
students know and can actually do. Accordingly, student-centered learning is an approach in
which students influence the content, activities, materials, and pace of their learning. This
model of learning puts the student at the center of the learning process [7].

EU initiatives call for increased efficiency, international attractiveness, and competitiveness
of higher education institutions. A study by Wächter et al. [8] considers different approaches
to quality, quality assurance, and ratings, analyzes recent research, critically analyzes these
approaches in a comparative perspective, provides recommendations and policy options for
parliament.

The problem of determining a set of effective indicators that are easy to determine and can
be applied to both large public universities and small regional private colleges, from university
programs to alternative programs is also relevant for the United States [9].

Cherniak et al. [10] investigated the possibility of assessing the quality of qualimetry objects
by graph analytical method, ie to apply the principle of determining the area and volume under
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curved surfaces both in the plane and in space, which are created by combining estimates of
individual quality indicators on a dimensionless scale. It is shown that, as a rule, mathematical
dependences are nonlinear and their research is reduced to the development of universal methods
that could be applied to objects of qualimetry, regardless of their nature, complexity, importance,
and more. Having unit quality indicators in a single (dimensionless) rating scale, it is proposed
to determine a single comprehensive quality indicator of the object of qualimetry using the
method of integration, which takes into account the evaluation of unit quality indicators [10].

Pârvu and Ipate [11] propose a mathematical model based on a set of indicators that are
adapted to the classification structure of intellectual capital, which is unanimously recognized
worldwide, namely to the external and internal structure and competence of employees. The
Rompedet method, an original product of the Romanian school of management [12], was used
as a mathematical calculation tool.

When assessing the quality of education, we are faced with a huge number of different criteria,
each of which may consist of many sub-criteria, therefore, the task of assessing the quality of
education in its mathematical formulation is multi-criteria. Problem situations that are modeled
and described by linear models and depend on many factors play an important role, so solving
a multicriteria decision-making problem is often accompanied by solving multicriteria linear
programming problems, or in other words, vector optimization problems.

Given these problems, mathematical models of integrated quality assessment using methods
that are based on the convolution of criteria were also of interest for our study. Models and
methods of multicriteria optimization are considered in the work of Kondruk and Malyar [13],
in particular, the method of additive convolution of criteria and the method of multiplicative and
minimax convolution of criteria. The method of multiplicative convolution of partial criteria
to a single generalized indicator, which provides as a normalized divisor to use the maximum
(minimum) values of partial criteria, obtaining which does not cause significant difficulties, ie is
carried out on many available design solutions is considered in [14]. Chervak [15] uses one of
the methods of solving the Paretian multicriteria optimization problem as a mathematical tool
of the decision-making process. To organize the selection problems on the same admissible set
of alternatives, the concept of the super criterion of any criterion is introduced; if the criterion is
a super criterion of this criterion on this set, then the last criterion is a subcriteria of the first. It
is shown that the solution of the problem of multicriteria selection by the Paretian convolution
is reduced to the solution of the problems of scalar or lexicographic optimization.

The theory of artificial neural networks and models of deep learning is considered in the
fundamental works of Goodfellow et al. [16], Müller et al. [17], Sivanandam et al. [18], system
design based on a neuro-fuzzy approach [19, 20].

The use of neural networks to classify the status of a graduate of a higher education institution
based on selected academic, demographic, and other indicators is considered by Lesinski et al.
[21]. A multilayer neural network with feedback is used as a model. The model was taught
based on more than 5,000 records of entrance exams and university databases. Nine input
variables consisted of categorical and numerical data that contained information about high
school education, test results, assessment of high school teachers, parental assessment, and
others. Based on these inputs, the multilayer neural network predicted the success of university
entrants. With the help of the neural network, it was possible to predict the success of graduates
and achieve the best performance with an accuracy of classification exceeding 95%. Black et al.
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[7] examining the relationship between quality and success of high school students in college
found no convincing evidence that exposure characteristics of high school diminish over time
teaching students.

To address the issue of determining the quality of educational training, Mahapatra and Khan
[22] developed the EduQUAL methodology and proposed an integrative approach using neural
networks to assess the quality of education. Four neural network models based on a feedback
algorithm are used to predict the quality of education for different stakeholders. This study
showed that the P-E Gap model is the best model for all stakeholders [22].

The need to introduce neural network technology in educational courses of educational
institutions indicates by Belyux and Sitkar [23]. Educational neural networks are often used for
forecasting. For example, students must choose courses that interest them for the next semester.
Due to limitations, including lack of sufficient resources and the overhead of several courses,
some universities may not be able to teach all courses of the student’s choice. Universities
need to know each student’s requirements for each course each semester for optimal course
planning. Kardan et al. [24] used a neural network to model student choice behavior and apply
the resulting function to predict the final enrollment of students for each course. The results
showed high prediction accuracy based on experimental data. Arsad et al. [25], Osadchyi et al.
[26], Okubo et al. [27] prove that the use of neural networks in predicting educational processes
will allow obtaining results with a much higher level of accuracy and less time. According to
Naser et al. [28], an artificial neural network can correctly predict the success of more than 80%
of future students.

Chaban and Kukhtiak [29] analyze the problem of the social system, which consists of many
students and teachers of higher education to create effective learning pairs “teacher-student”.
Elements of the theory of artificial intelligence based on artificial neural networks were used
to form the mentioned learning pairs. Bukreyev and Serdyuk [30] propose to use a recurrent
neural network (RNN) to predict students’ final grades using journal data stored in educational
systems.

Liu et al. [31] propose a method for assessing the quality of preparation for graduate school,
which is based on the algorithm of neural network backpropagation and stress testing. This
method creates a publicly available list of indicators consisting of 19 criteria in 4 groups of
criteria, such as attitudes towards teaching, teaching content, approach to teaching, and the
main characteristics of teachers. After the neural network algorithm is used to determine the
optimal parameters of the evaluation model, a sensitivity test is used to identify indicators that
have a significant impact on the quality of education. Also, scenario analysis is used to study the
impact of the quality of education in pre-defined situations, providing theoretical and empirical
support for assessing the quality of postgraduate teaching, improving the quality of education,
and professional growth of teachers [31].

Educational institutions are constantly striving to improve the services they offer, their goal is
to have the best teaching staff, improve the quality of teaching and academic success of students.
Knowledge of the factors influencing student learning can help universities and learning centers
adapt their curricula and teaching methods to students’ needs. One of the first measures taken
by educational institutions in the context of the COVID-19 pandemic was the creation of virtual
learning environments [32]. To understand the factors influencing the university learning
process in virtual learning environments, Rivas et al. [33] applied several automatic learning

158



methods to publicly available data sets, including tree-like models and various types of artificial
neural networks.

The availability of educational data supported by learning platforms provides opportunities
to study student behavior and solve problems in higher education, optimize the educational
environment and ensure decision-making using an artificial neural network [34].

Cader [35] uses a deep neural network to assess students’ acquisition of knowledge and
skills. It is noted that the obstacle to the application of the method in teaching is the relatively
small amount of data in the form of available estimates required for neural network training.
A new method of data augmentation is proposed – asynchronous data augmentation through
pre-categorization, which solves this problem. Using the proposed method, it is possible to
carry out neural network training even for small amounts of data [35].

Do and Chen [36] present a neuro-fuzzy classifier that used the results of previous exams and
other related factors as input variables and classified students based on their expected learning
outcomes. The results showed that the proposed approach achieved high accuracy compared
to the results obtained based on other known approaches to classification, in particular, Naive
Bayes, neural networks, and others.

Fazlollahtabar and Mahdavi [37] proposed a neuro-fuzzy approach based on evolutionary
techniques to obtain the optimal learning pathway for both teacher and student. The neuro-
fuzzy approach allows providing recommendations to the teacher for making pedagogical
decisions based on the student’s learning style. On the other hand, the neural network approach
is used for the student to create a personalized curriculum profile based on the individual needs
of the student in a fuzzy environment [37].

Taylan and Karagözoğlu [38] use a systematic approach to designing a fuzzy inference system
based on a class of neural networks to assess student achievement. The developed method uses
a fuzzy system, supplemented by neural networks, to enhance some of its characteristics, such
as flexibility, speed, and adaptability, called the adaptive fuzzy inference system (ANFIS). The
results of the ANFIS model are as reliable as statistical methods, but they encourage a more
natural way of interpreting student learning outcomes.

In comparison with these works, this study fills a gap in the methods of a comprehensive
assessment of the quality of educational programs and educational activities based on a neuro-
fuzzy approach.

1.2. Methods

In this study, methods of mathematical modeling and computational experiment based on
statistical processing of data assessments of the quality of educational programs and educational
activities were used. The essence of the methodology of mathematical modeling is to replace the
original object with its mathematical model and study it with the help of computer technology.
Processing, analysis, and interpretation of calculation results were carried out by constant
comparison with the results of statistical processing of expert estimates. In the course of the
research, refinements were made and the mathematical model was revised and the cycle of the
computational experiment was repeated.

The methodology for assessing the quality of the curriculum and educational activities is
built using methods and tools of artificial intelligence, implemented in the package Fuzzy
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Logic Toolbox system MATLAB in the form of adaptive neuro-fuzzy output ANFIS (Adaptive
Neuro-Fuzzy Inference System).

Participants in the experiment – full-time master’s students (22 people) and graduates of
higher education institutions of the previous term of study are the same specialties (32 people)
– a total of 54 people. This number of respondents is due to the number of indicators of quality
criteria because the data format of the artificial network in MATLAB supports square matrices,
in this case, 54x54. Before the accreditation examination, students were offered questionnaires
with a proposal to assess the quality of the educational program and educational activities of
the specialty on an assessment scale covering four levels: F, E, B, A. Student assessments were
used to form the vector of artificial neural network inputs. After the accreditation examination,
the expert assessments were used to check the quality of the prediction of the artificial neural
network.

To ensure the representativeness of the sample, the study of its design was carried out based
on randomization. The decision on the statistical deviation of the null hypothesis regarding
the differences between the averages, thus, was also associated with the procedure of random
sampling.

The rating scale covers four levels of compliance by the requirements of the legislation (F, E,
B, A) [39]. Also, the legislation establishes 10 criteria for assessing the quality of the educational
program [39]:

1) design and objectives of the educational program (4);
2) structure and content of the educational program (9);
3) access to the educational program and recognition of learning outcomes (4);
4) teaching and learning according to the educational program (5);
5) control measures, evaluation of applicants for higher education and academic integrity (4);
6) human resources (6);
7) educational environment and material resources (6);
8) internal quality assurance of the educational program (7);
9) transparency and publicity (3);

10) learning through research (6).

In turn, each of these criteria has from 3 to 9 indicators (the number is indicated in parentheses).
Together, all 10 criteria contain 54 indicators.

2. Results

At the first stage of the study, the collection and statistical processing of data on the results
of the assessment of students and graduates of higher education educational programs and
educational activities on the educational program for each criterion.

In the second stage, a computational experiment was performed. The cycle of the computa-
tional experiment was carried out in several stages:

1) the choice of approximation and mathematical formulation of the problem (construction of
a mathematical model of the phenomenon under study);
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2) development of a computational algorithm for solving the problem;
3) implementation of the algorithm in the form of a program for the PC;
4) settlements on the PC;
5) processing, analysis and interpretation of calculation results, comparison with the results

of statistical processing of expert estimates and, if necessary, refinement or revision of the
mathematical model, i.e. return to the first stage and repeat the cycle of the computational
experiment.

Assessing the quality of the curriculum and learning activities is complicated by the fact that
each of the 10 criteria, in turn, consists of several indicators (3-9) and is due to many factors,
possibly with an unknown nature of influence, which is also non-numerical. To assess the
quality of the curriculum and training activities, it is proposed to use a two-tier system based
on the ANFIS package and artificial neural networks to predict assessment scores.

The ANFIS hybrid system is a combination of the Sugeno neuro-fuzzy inference method with
the ability to train a five-layer artificial neural network (ANN) of direct propagation with a
single output and multiple inputs, which are fuzzy linguistic variables. As input variables of the
ANFIS system, we use the criteria for evaluating the quality of the educational program of 10
groups of factors 𝑉𝑖(𝑖 = 1, ..., 10).

The output variable of the ANFIS system is a numerical assessment of the
quality of the curriculum and training activities and is defined as a function
𝑦 = 𝑓(𝑉1, 𝑉2, 𝑉3, 𝑉4, 𝑉5, 𝑉6, 𝑉7, 𝑉8, 𝑉9, 𝑉10).

Layer 1 of the ANFIS system for the linguistic evaluation of input parameters uses the term
set of all possible values of the linguistic variable. 𝐴𝑉 𝑖 = {“𝐹”, “𝐸”, “𝐵”, “𝐴”}. In symbolic
form we write: 𝐴𝑉 𝑖 = {𝐹 < 𝑖 >,𝐸 < 𝑖 >,𝐵 < 𝑖 >,𝐴 < 𝑖 >}. The term set of the
original linguistic variable y is the set of values of quality assessments of the curriculum and
educational activities: 𝑇𝑦 = {𝐹,𝐸,𝐵,𝐴}. The outputs of the nodes of layer 1 are the values of
the membership functions at specific values of the input variables.

Layer 2 is non-adaptive and defines the preconditions of fuzzy production rules. Production
rules – a form of representation of human knowledge in the form of a sentence type – if
(condition), then (action). The rules provide a formal way to present recommendations, guidance,
or strategies. They are ideal in cases where the knowledge of the subject area arises from the
empirical associations accumulated during the work on solving problems in a particular field.

Each node of this layer is connected to those nodes of layer 1, which form the prerequisites
of the corresponding rule. To solve this problem, four fuzzy production rules are formulated:
𝑃 = {𝑝1, 𝑝2, 𝑝3, 𝑝4}, because according to the features of the ANFIS network, the number of
network rules must correspond to the dimension of the term set of the source variable 𝑦.

Nodes perform a fuzzy logical operation “I” (min). The outputs of the nodes of this layer are
the degree of truth (fulfillment) of the preconditions of each of the four fuzzy production rules,
which are calculated by the formulas:⎧⎪⎪⎨⎪⎪⎩

𝑤1 = min(𝜇𝐹1(𝑉1), 𝜇𝐹2(𝑉2), 𝜇𝐹3(𝑉3), 𝜇𝐹4(𝑉4))
𝑤2 = min(𝜇𝐸1(𝑉1), 𝜇𝐸2(𝑉2), 𝜇𝐸3(𝑉3), 𝜇𝐸4(𝑉4))
𝑤3 = min(𝜇𝐵1(𝑉1), 𝜇𝐵2(𝑉2), 𝜇𝐵3(𝑉3), 𝜇𝐵4(𝑉4))
𝑤4 = min(𝜇𝐴1(𝑉1), 𝜇𝐴2(𝑉2), 𝜇𝐴3(𝑉3), 𝜇𝐴4(𝑉4))

(1)
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Layer 3 normalizes the degree of implementation of each of the fuzzy production rules
(calculation of the relative degree of implementation of the rules) as follows:

𝑤ℎ =
𝑤ℎ

ℎ∑︁
𝑖=1

𝑤𝑖

(2)

where ℎ = 1, . . . , 4 is production rule number. Layer 4 calculates the contribution of each fuzzy
production rule to the output of the network according to the formula.

𝑦ℎ(𝑣, 𝑉 ) = 𝑤ℎ(𝑣
(0)
ℎ + 𝑣

(1)
ℎ 𝑉1 + 𝑣

(2)
ℎ 𝑉2 + 𝑣

(3)
ℎ 𝑉3 + 𝑣

(4)
ℎ 𝑉4 + 𝑣

(5)
ℎ 𝑉5) (3)

where 𝑣
(0)
ℎ - coefficients of the initial function (𝑖 = 0, . . . , 5).

Layer 5 summarizes the contributions of all the rules:

𝑦 =

4∑︁
𝑖=1

𝑦𝑖 (4)

Training of the ANFIS network was carried out for 24 epochs by a hybrid method. During
training, the type of membership functions, the type of initial function, and their coefficients
are selected. As a result of training a fuzzy network for four rules, Gaussian functions were
adopted as membership functions, and a linear function was adopted as the initial function. As
a result of training, membership functions and their coefficients were also obtained.

To assess each of the 10 groups of factors that affect the quality of the curriculum and
educational activities by the evaluation criteria, 10 modules are used, which are implemented
using artificial neural networks. Thus, it is necessary to design neural networks, a mathematical
model of a comprehensive assessment of the quality of the educational program and educational
activities based on the methods of the neuro-fuzzy approach. For this purpose, the Neural
Network Toolbox was used. To form neural networks, it is necessary to determine their topology,
learning mechanism, and testing procedure. Also, the training of an artificial neural network
requires input data – a sample of answers of students and graduates with reliable quality
indicators, determined based on these criteria.

An artificial neural network for the analysis of indicators of the quality of the educational
program and educational activities will have the number of input neurons (according to the
number of indicators for all criteria) 54; output neurons – 54. Input signals were determined
based on students’ assessments of each indicator of this quality criterion, while the scale F, E, B,
A were translated into numerical 1; 2; 3; 4 respectively. Part of the data is given in table 1.

It is important that the neural network can predict expert assessments if student and graduate
assessments are to be ranked in ascending order based on the determination of the grade
point average. According to the hypothesis, we assume that students with higher academic
performance are better acquainted with the goals, structure, and content of the educational
program, the process and characteristics of teaching and learning according to the educational
program, control measures, assessment system, and all other aspects of educational activities.
assessments of the quality of the educational program and educational activities will be more
objective.
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Table 1
Input signals (T) based on students’ assessments of quality criteria.

Indicators of quality criteria
Student grades

1 2 3 4 5 6 7 ... 54

1 3 4 3 3 4 3 4 . . . 4
2 4 3 3 3 4 3 3 . . . 4
3 3 3 4 3 4 4 3 . . . 4
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
54 4 3 3 3 4 3 3 . . . 4

After starting the MATLAB system, you need to enter the tool command on the command
line, which will open the window for entering data and creating a neural network (Neural
Network / Data Manager). Clicking the New button opens the Create Network or Data window.
After selecting the Data tab in the Name field you must enter a new name of the input data “P”,
and in the Value field the values of the input data, in which the numbers 1-54 are indicators of
quality criteria, and 55-108 – students’ and graduates’ indicators quality criteria.

The configuration of the neural network of direct propagation is chosen based on a heuristic
rule: the number of neurons of the hidden layer is equal to half of the total number of input
and output neurons. The artificial neural network for the analysis of quality indicators of the
educational program and educational activity will have the number of input neurons 2 (according
to the dimensionality of the data – indicators of quality criteria and student evaluation); source
neurons 54, therefore, the number of hidden neurons is 28 (figure 1).

Figure 1: The structure of the neural network.

The array of input data is a matrix that contains assessments of quality indicators according
to the criteria for evaluating the curriculum and educational activities – presented by students
and graduates. Network type is feed-forward with back propagation. At the next stage, training
and coaching of the network were carried out. After the training ended, the Neural Network
/ Data Manager window received two types of data: Output Data (O) and Error Data (E). By
clicking the Export button in the manager window and then clicking Export again in the window,
you can transfer the received data to the MATLAB workspace, where it will be presented in a
presentable form.

You can calculate that the average network error is 0.0321, which indicates the efficiency of
the system.

After learning the network, you can proceed to data forecasting. Returning to the Network
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Table 2
Output signals (O).

Indicators of Student grades
quality criteria 1 2 3 4 5 6 7 ... 54

1 3.1985 3.252 3.3058 3.3541 3.3933 3.4235 3.4475 . . . 3.9704
2 3.4521 3.3478 3.2644 3.2035 3.1633 3.1404 3.1319 . . . 3.9997
3 3.1516 3.1812 3.219 3.2627 3.3062 3.3417 3.3638 . . . 3.9992
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
54 4 3.4192 3.3522 3.3128 3.291 3.2798 3.2756 . . . 3.9716

Table 3
Errors (E).

Indicators of Student grades
quality criteria 1 2 3 4 5 6 7 ... 54

1 -0.199 0.748 -0.306 -0.354 0.607 -0.424 0.552 . . . 0.0000237
2 0.548 -0.348 -0.264 -0.203 0.837 -0.140 -0.132 . . . 0.029607
3 -0.152 -0.181 0.781 -0.263 0.694 0.658 -0.364 . . . 0.00027
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
54 0.58076 -0.3522 -0.3128 -0.2909 0.7202 -0.2755 -0.2769 . . . 0.028442

Table 4
Neural network forecast and expert evaluation.

Indicators of quality criteria Forecast Estimates

1 3.999977 4
2 3.974844 4
3 3.999750 4
4 3.999379 3
5 3.956661 4
6 3.991731 4
7 3.985698 4
. . . . . . . . .
54 3.970182 4

and Data Manager window (Neural Network / Data Manager), you need to create additional
input by clicking the New button. Going to the Data tab, the name of the data changes, for
example, to P1, and the values are set as follows: values 1-54 still indicate the numbers of
indicators of quality criteria of the educational program and educational activities, and 56-109
evaluations of students and graduates quality, and the last column – the projected estimates of
experts.

Comparing the data issued by the system and the real data, we can see that the neural network
does make predictions that are quite close to reality. Compared with expert estimates, the
average absolute error is 0.0321, the relative error is 7.08%.

164



3. Discussion

The study aimed to demonstrate the possibility of predicting the assessment of the quality of
educational programs and educational activities can be adequately addressed through an artificial
neural network and obtain a comprehensive assessment of the quality of educational programs
and educational activities based on a possible neuro-fuzzy approach. The mathematical model
involves the use of neural networks and is based on the technology of analytical processing of
statistical data. Standard methods of mathematical statistics are used to analyze the estimates
received from respondents.

The assumption that based on a sample of students and graduates of higher education the
quality of the educational program and educational activities can prepare a sample for setting up
and teaching artificial neural networks is confirmed by ordering the quality of the curriculum of
students and graduates. teaching. In practice, this allows you to predict the results and identify
existing shortcomings and eliminate them before the accreditation examination. However, the
difficulty of this method is to choose the architecture of the neural network and prepare a
training sample to configure the neural network. In particular, in the future, it is planned to
increase the volume of the input vector of the artificial neural network, and the form is based
on estimates of teachers, stakeholders, and experts.

4. Conclusions

As a result of a mathematical model of a comprehensive evaluation of the quality of educa-
tional programs and educational activities based on the methods of neuro-fuzzy approach,
first managed to work out a mechanism for obtaining a quantitative evaluation of educational
programs and educational activities in this program that will allow the institution of higher
education detect shortcomings and potential problems and solve them before the accreditation
examination. Secondly, based on a sample of students and graduates of higher education to
evaluate the quality of educational programs and educational activities, you can prepare a
training sample for setting up and learning an artificial neural network that can adequately
perform a comprehensive assessment of educational programs and educational activities. This
can be done by arranging the assessments of the quality of the curriculum and the educational
activities of students and graduates in ascending order based on the determination of the average
grade point average. It is emphasized that these methods are effective provided they meet the
requirements of a student-centered approach and the principles of academic freedom.

Based on a sample of students and graduates of higher education, the quality of the educational
program and educational activities was prepared to prepare a training sample for setting up
and teaching artificial neural network, which was able to adequately perform a comprehensive
assessment of the quality of educational programs and educational activities. A comparison
of the results of the operation of an artificial neural network of direct propagation with one
output and several inputs with real data shows that the neural network does make predictions
close to reality. Compared with expert estimates, the average absolute error was 0.0321; the
relative error was 7.08%.

The results of the study can be used in the practice of higher education institutions to predict
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the results and identify existing shortcomings and eliminate them before the accreditation
examination.

We see prospects for further research in the application of software products based on the
theory of neural networks to automate the processes of the organization, control, and analysis of
the educational process; introduction of neural network software for direct training of students
in certain disciplines.
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Abstract
Changes in society related to the development of science, technology, computing power, cloud services,
artificial intelligence, increasing general access to huge amounts of open data, lead to increased global
investment in technology and services. Appropriate training is required by specialists to create a
workforce to work with artificial intelligence. On the one hand, it puts forward new requirements for
the training of young people, and educational content, on the other hand, provides opportunities for
the use of cloud technologies during the educational process. Widespread use of AI in various fields
and everyday life poses the task of understanding the basic terms related to Artificial intelligence (AI),
such as Machine learning (ML), Neural network (NN), Artificial neural networks (ANN), Deep Learning,
Data Science, Big Data, mastering the basic skills of using and understanding the AI principles, which is
possible during the study in the school course of computer science. Cloud technologies allow you to use
the power of a remote server (open information systems, digital resources, software, etc.) regardless of
the location of the consumer and provide ample opportunities for the study of artificial intelligence. In
this article we reveal the possibilities of cloud technologies as a means of studying artificial intelligence
at school, consider the need for three stages of training and provide development of tasks and own
experience of using cloud technologies to study artificial intelligence on the example of DALL-E, Google
QuickDraw, cloud technologies Makeblock, PictoBlox, Teachable Machine at different stages of AI study.
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1. Problem statement

The Stanford Institute for Human-Centered Artificial Intelligence (HAI) published its Artificial
Intelligence Index (AI) in 2021 [1]. According to their findings, the demand for labor with
artificial intelligence has increased significantly. During the pandemic, which has been going on
for two years, global investments in the development of the artificial intelligence industry have
increased by 40%. The world leaders are the United States and China, whose investments are
more than 80% of investments in AI and blockchain development [2]. This attention is due to the
automation of processes, the use of artificial intelligence in business can increase its efficiency,
save time and human resources. Over the past 10 years, the number of AI-related research has
increased from 14.2% to about 23% as of 2019. Among the research, there are publications with
keywords about the ethics of artificial intelligence.

Such growth is facilitated by: powerful computing solutions, the development of cloud services
and access to a huge amount of open data. Despite fears, frustrations, misunderstandings and
“winter” in AI research, the level of acceptance of artificial intelligence is increasing rapidly.
Canada published the world’s first national AI strategy in 2017. More than 30 other countries and
regions have published similar documents as of December 2020. At the same time, humanity
has come to understand the risks posed by the AI introduction. Therefore, countries are
beginning to introduce regulatory documents that will help limit its use. For example, China
and Shat California have introduced a law to punish people for misleading people with Deep
Fake technology: any videos or photos that carry manipulation or misinformation must be
labeled accordingly. In mid-April 2021, the European Commission published a Regulation draft
governing the use of artificial intelligence [3]. The Regulation applies a risk-based approach,
distinguishing between the AI use which creates:

• Unacceptable risk – includes all those AI systems that have significant potential for
manipulating people through subconscious techniques beyond their consciousness, or
exploiting the vulnerabilities of certain vulnerable groups, such as children or people with
disabilities, in order to significantly distort their behavior in such a way that may cause
them or other psychological or physical harm to the person. It also includes AI-based
scores for general purposes, real-time biometric identification systems in public places,
etc.

• High risk – systems that pose a high potential risk to the health and safety or fundamental
rights of individuals. In particular, these are technologies used in medicine, justice,
employment.

• Low or minimal risk – about tools such as chat bots, spam filters, music recommendations,
etc.

The main issue is users’ understanding they are interacting with the machine, not the person.
It is not entirely clear to what extent this will affect the scope of AI. It will allow to form the

rules on which AI further development will be based. It will also help to adequately assess not
only the benefits but the risks of such systems using.

Ukraine is moving in this direction. The Association for the Development of Artificial
Intelligence has developed and submitted to the government for approval the concept of the
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development of artificial intelligence in Ukraine until 2030. In December 2020, the government
approved the concept [4]. The main directions of the Concept include:

• improvement of secondary, higher education and advanced training in order to train
qualified professionals in the artificial intelligence;

• stimulating research in the field, in particular through grants;
• stimulation of entrepreneurship in the AI, as well as the development of personnel

retraining method who may lose their jobs due to automation in 5–10 years;
• work to increase the cyber security level, improve legislation in the cyber security;
• application of artificial intelligence technologies in the defense and public administration;
• solving problems of state registers;
• use of AI in justice, in particular to prevent dangerous phenomena through analysis of

available data.

It is also about developing of a legal framework for the AI use in accordance with international
standards. The concept covers nine areas of artificial intelligence application, one of which is
education.

Digital literacy, improvement of educational and methodical base and preparation of qualified
personnel for work with AI are the main tasks facing education. Digital literacy primarily refers
to the use of digital tools for solving applied problems, searching for information on the Internet,
protection of personal data, media literacy, etc.

2. Research questions

People use artificial intelligence without even realizing it. Every industry already has tools that
use artificial intelligence technology. Examples include Google Intelligent Search, contextual
advertising, mobile applications such as Reface, smart assistants (such as Siri and Alexa), disease
prediction tools, drone production, optimized, personalized treatment recommendations, talk
bots for marketing and service of customers, stock trading advisors, e-mail spam filters, social
media monitoring tools for dangerous content or false news, song or TV show recommendations
from Spotify and Netflix, and more.

Therefore, there is a need to consciously use this tool and expand its scope. One way is to
learn the basics of AI in the curricula of schools, universities for future teachers, as well as in
informal education. It raises the question of using available tools to learn the AI basics. Most
of the current developments are in the form of cloud resources. Therefore, the purpose of this
article is to review of existing AI basics training programs and identify available cloud tools for
studying AI performance.

3. Related work

Such areas as data science, artificial intelligence, machine learning, deep learning, distributed
and quantum computing have been considered only as hobbies by some interested educators, or
as a specific area of research of algorithms, mathematical statements. However, most countries
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are already preparing to introduce the study of such topics in school education. In 2019,
the Association for the Promotion of Artificial Intelligence (AAAI) and the Association of
Computer Science Teachers (CSTA) created recommendations for study of artificial intelligence
in schools [5]. It emphasizes the reasons underlying the introduction of artificial intelligence
study in schools. Among them: the growing role of intellectual assistants and autonomous
mechanisms in society. AI technologies are supported by government strategies. AI causes a
decrease in demand in some professions and increase in others, the need for skilled workers
knowledgeable in artificial intelligence. The document defines what students should know and
do studying artificial intelligence throughout their education from primary school to senior
age. Researchers have also developed an online catalog of resources that teachers can use. The
authors identify five problematic issues that may underlie the study of artificial intelligence:
perception (speech recognition, computer vision), presentation and reasoning (path planning,
web search, and strategy in games), machine learning (recognition, preferences, and translation),
natural interaction with intellectual agents (Alexa and Siri assistants, adaptive education), social
impact of AI (positive and negative impact, value of compromises, ethical issues). For each of
the topics, examples of tasks are given and the knowledge and skills that students of a certain
age should master are described.

At one of the AAAI conferences, the development of curricula for study of AI at school was
presented. In particular, in 2020, Personal Robots Group at the MIT Media Lab, MIT STEP Lab,
and Boston College presented the DAILy Workshop [6]. The program also included pilot partners,
STEAM Ahead and BC College Bound. The course consists of four sections: AI Introduction,
Supervised Machine Learning, GANs, AI and My Future. Each section contains explanations
of basic concepts and exercises to better understand the work of artificial intelligence, neural
networks and more.

Lin and Van Brummelen [7] describe the experience of conducting seminars in which teachers
and researchers created lesson plans and AI concepts were embedded in various core subjects.
They identified entry points in various subjects (not computer science) for AI teaching.

The first step of curricula development to study the basics of artificial intelligence by students
in Ukraine was the course “10-11 grade. Computer Science. Artificial Intelligence”, developed
within the UNICEF program by Oksana Pasichnyk, Oleksiy Molchanovsky, Vyacheslav Os-
aulenko, Veronica Tamayo Flores [8]. It contains the adapted versions of the AI course and test
materials.

The analysis of scientific publications on education in the artificial intelligence showed there
is the majority of curricula are presented by universities in Ukraine in the form of textbooks and
articles. In part, these curricula are presented in schools and lyceums that actively cooperate
with universities or their teachers [9, 10, 11, 12, 13, 14]. It should be noted, in Ukraine study
of artificial intelligence as an object was based on the use of expert systems as teaching aids.
However, the current level of knowledge allows us to consider the tasks of direct training
of artificial intelligence and expert systems: teaching, management, planning, monitoring,
diagnostics, data interpretation, forecasting, designing [15].

Mokin [16] presents examples of solving real problems by machine learning methods for
forecasting water quality in the Southern Bug River, forecasting the number of COVID-19
diseases, etc. These models are designed to be studied by graduate students and scientists
involved in mathematical modeling and computational methods. In particular, master’s students
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of specialty 126 – Information Systems and Technologies of Vinnytsia National Technical
University are working on it. In the author’s works there are many solutions to real problems
by machine learning and artificial intelligence based on Kaggle’s own public laptops [17]. Also,
these developments are successfully used by the author to teach high school students (10–11
grades of specialized schools).

4. Results

Widespread use of AI in various fields and everyday life poses the task of mastering the basic
skills of its use and understanding the principles of work in the school study. Therefore, the
question of defining basic terms is relevant. Transferring the simplest task into terms and
analogies available to a particular age group is a separate task. Usually using the terms “artificial
intelligence”, “machine learning”, “deep learning”, “neural networks” is often a substitution of
concepts. Let’s define these concepts.

Artificial intelligence (AI) is a technological and scientific solution that helps to develop
programs similar to the human mind that can think, recognize and self-learn. Machine learning
(ML) are methods in the artificial intelligence, algorithms used to teach classification and
clustering. It is due to the processing of large data sets and finding patterns in them. Neural
networks (NN), Artificial neural networks (ANN) and deep learning works with complex data
and fuzzy logic. Deep learning is one of the methods of machine learning. Data science are
methods of data analysis for their further processing, sorting, sampling and search. It sets the
correlation between data. Big Data – technologies of working with large data sets.

To begin the introduction of the study of artificial intelligence basics, it is necessary to meet
the following conditions:

• setting tasks in terms and analogies that will be clear to a certain age group;
• selection of tools. It will ensure the task performance and the appropriate level of skills;
• development of learning course, content and determination of expected learning outcomes.

Among the tasks that can be set and solved with the help of AI is the development of smart
systems that will help not only in business or office, but also at home. Smart systems can
perform many tasks, from setting the alarm to turning the light on/off. Another task for AI is to
collect data from different portals. With machine learning, you can apply different algorithms
to the data to get it in the right shape. The task of obtaining recommendations based on what
customers view or buy in the online store is also performed on the basis of AI machine learning.
It will also help to make more profit for the business. When it comes to buying a product
or service, visiting a website and using a helpline through an online chat or chat window is
the norm in today’s online stores. This 24/7 help is only possible thanks to AI (Chat bot).
Modern electronic dictionaries and search engines also use AI to translate text or issue search
queries based on text or images. Some of these tasks can be considered in lessons in the form of
simplified tasks. Examples:

1. Image recognizer. Using the platform, images of any object, such as a toy, are added to
the database, and then, by expanding the detection of the human body and objects. It is
raised to the camera, and the program detects the toy and names it.
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2. Language recognizer. Design own intelligent chat bot with artificial intelligence. It is
possible to create a chat bot that recognizes the language and converts it into text using the
language recognition extension, and then accordingly this chat bot answers the questions.

3. Recognizer of the face or body parts. For example, developing of a visitation system based
on face recognition. It can be, for example, a system of automatic door unlocking using
face recognition.

4. Home automation based on artificial intelligence. Control devices with voice commands
using artificial intelligence speech recognition technology.

To fulfill the first condition, we have established three stages of studying artificial intelligence
in the school:

1. Familiarity with the AI capabilities. It is designed to create an idea of the AI functions,
its importance in human life and in life or professional processes. The purpose is to get
acquainted with the tasks that AI can solve, which it cannot, to establish the causes and
consequences of errors in the work of AI. It will also be appropriate to consider the ethical
issues that arise when using AI, such as data security and privacy.

2. Construction of own machine learning programs in designers. The aim is to get acquainted
with the stages of building a recognition program, and the AI basic concepts: neural
network, set date, data sampling, sample size, etc. At the same time, students acquire
skills of creating a dataset, training the network, using the network.

3. The transition to programming. This stage involves the study of the mathematical founda-
tions of neural networks and programming. In the previous stages, this mechanism was
“hidden” from students by the functions of services. At this stage there is a detailed study
of the neural network, the principles of its training, data set and their markup.

Figure 1: Stages of AI learning.

At the first stage there is an acquaintance with AI technology on examples of its use and
basic terms mastering on this subject. There are a number of cloud services that help build the
necessary knowledge and build interdisciplinary and integrated research. Such services are:

• DALL-E – a neural network called DALL-E that creates images from text captions for a
wide range of concepts expressible in natural language [18]. It allows combining a variety
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Figure 2: DALL-E combines the shape of the chair with the lotus root.

of things that combine real and imaginary things. Students can be asked to choose text
captions and discuss: Is this possible? How can this be created? How do others perceive
it? What does it take to put this into practice, etc. (figure 2)

• Recognition of emotions is a separate topic of AI training. Scientists have launched a game
to show how artificial intelligence recognizes emotions. They want to draw attention to
the problem of tracking a person [19, 20]. The game is available in the cloud and involves
various tasks related to the recognition of emotions by artificial intelligence through a
computer webcam. It has two stages. In the first you need to guess – in the picture a
person squints at the rays of light or winks. In the second, you need to capture on camera
each of the six emotions (Happiness, Sadness, Fear, Surprise, Disgust, Anger) so that the
AI recognizes it. The first game shows how difficult it is for a person to determine the
condition of another person by a static photo. The second is to train children’s acting
skills, whether AI will be able to determine your emotions. In class, it will be appropriate
to discuss the ability to understand emotions. Even recognizing their own is not so easy.
And to teach artificial intelligence to recognize our emotions is a task of the highest level
(figure 3).

• The topic of images recognition can be considered on the example of Google QuickDraw
[21, 22]. The software gives task to draw a particular object, and AI must guess what
the user drew. It will be useful for learning to discuss the stages of creating and solving
pictures. The system accompanies each stage of image construction by a voice. It is
possible to track the dynamics of the AI approach to the correct answer. It is interesting
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Figure 3: Software Emojifying.

to gradually analyze the image elements, which are clearly defined by the system for its
identification. How many traits did it take to identify? How fast did the image system
recognize? What and how many features are needed to recognize a cat, a dog, a person?
Will the image be recognized from a non-standard point of view (top view, side view)?
Why are there problems with the identification of people, animals, objects by intelligent
systems, how to prevent it? What are the good/bad consequences of identification?
(figure 4)

When the AI functionality is studied, it is possible to move on to the second stage – building
your own machine learning programs in designers. You can use the following cloud technologies:

• Makeblock has five AI tools: mental services, machine learning, text-to-speech conversion,
and translation (figure 5).
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Figure 4: Results of QuickDraw.

Figure 5: AI tools.

• PictoBlox [23] has tools for Computer Vision, Face Recognition, Optical Character Recogni-
tion, Language Recognition, Machine Learning, Ethics in AI, Internet of Things (figure 6).

• Teachable Machine – a service from Google [24]. It can recognize images, voice commands,
human movements (figure 7).
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Figure 6: PictoBlox screens.

Figure 7: Teachable Machine capabilities.

All these services are free and can be used during the lesson. The only requirement is sufficient
power of the device to stream video. Also, these resources work in the same way: first you need
to collect a dataset of images, then teach, then use for recognition (figure 8).

These services are suitable for the second stage of training. They allow creating a full-featured
program without a deep knowledge of the mathematical foundations of AI and programming.
At this stage, students gain an understanding of the network training process, understand the
importance of the dataset and the size of the data sample.

The third training stage is the transition to programming. It is aimed at mastering the
fundamentals of algorithmization and programming [11, 13]. Kaggle is a platform for analytics
and predictive modeling competitions [25, 26, 27] can be used to support this stage (figure 9). On
the platform you can create your own laptops with algorithms and participate in competitions
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Figure 8: The example of the image recognition system learning.

Figure 9: The start page of the competition “Titanic - Machine Learning from Disaster”.

on big data.

5. Conclusions and prospects for further research

Technologies are changing and countries are trying to anticipate their development and reg-
ulate them by standards. It also forces the economy to move in the extensional direction of
development and to look for workers who are knowledgeable in technology and technologically
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literate. It does not mean the ability to “program”. It means understanding the principles of
operation and using technology as effectively as possible. In examples of daily activities, we see
manifestations of chatbots, neural networks, machine learning. So far, these technologies are in
a disparate state. But in the future we expect their integration and interaction – the development
of so-called “strong intelligence” [8]. Being able to recognize their work, know the principles of
their operation, predict the consequences of use, consciously use – this is a non-exhaustive list of
what should be able to a person familiar with the technologies of artificial intelligence. Our task
was to consider the available cloud resources that allow classes for students of different ages and
for different classes, not only computer science. We also found that some of these tools are fairly
easy to use and can be used as a means of generating tasks in classes in art, ethics, literature and
other school subjects that are not related to the natural sciences. So, cloud technologies allow
to form technological literacy in children of an early school age. The knowledge formation in
fundamental subjects requires a more formalized approach and performance of tasks on large
data sets. There are resources allowed to consider the construction and operation of artificial
intelligence algorithms. Their analysis and development of a course for the study of artificial
intelligence for adolescents, the purpose of our next research.
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Abstract
This paper considers the problem of an interface for educational platform, which is fully effective for
achieving the outcomes of educational activity. The current research is a theoretical analysis of existing
recommendations on UI/UX design, applied when creating educational systems, as well as of research
papers that study user interface (UI) usability and evaluate user experience (UX) in designing on-line
platforms. This article describes a mechanism for evaluating usability with the help of baseline and
final evaluation tool. It also studies UX components, that ensure its high quality. A list of standard
components of web-design is being discussed in the present paper; modern trends in web-design of
educational platforms are identified. The paper provides the description of an on-line course model,
which is built on the basis of analysis of the prerequisites for existing and functioning of educational
on-line systems and which is aimed at achieving outcomes of educational activity. There is ground
to believe that the design of educational on-line courses will contribute to achieving the outcomes of
educational activity, if user interface components comply with a list of criteria, such as easy-to-perceive
content, no extra information, easy and simple navigation on the pages of the course, following the
principles of usability.

Keywords
educational platform interface, user interface components, UI/UX design, principles of usability, achieving
educational activity outcomes, designing on-line platforms, educational on-line course model.
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1. Introduction

The process of designing interface for educational platforms is a complex task, but crucial
for achieving educational activity outcomes. Every time, when course users interact with an
educational platform, they become smarter and closer to their goal, which is to get a real sense
of achievement. This incremental progress is attained owing to both, the developers, who
designed the educational resource and teaching staff, who filled it with educational materials.

The main goal of the systems for electronic learning (SEL) is to deliver knowledge, to share
information and to help students in their educational activity effectively, using the cutting-edge
information technologies. Usability of SEL is of importance, as its success depends on applying
the key principles of usability. The evaluation criteria for success can be defined by the level of
user satisfaction after their interaction with the SEL interface [1].

Users see in the software system not the coding languages, but the interface, which contributes
to the success or failures of this system. Students are willing to see the system interface in
accordance with their needs and requirements. If the interface is rigid, difficult and boring, it
will not allow users to use the system. So, the user interface plays a vital role in any software
system.

According to ISO 9241-210:2019 [2] user interface (UI) specifies all the components of the
interactive system (software or hardware), which provide information and ways to manage it,
which allow users to perform certain tasks with the help of an interactive system. In other words,
a user interface is an intermediary between a human and a computer, fostering interaction;
usability is a tool which provides activities for effective interaction for achieving definite goals.

Standard ISO 9241-210:2019 [2] also defines system usability as a degree, to which a system, a
product or a service can be used by certain users for achieving certain goals with effectiveness,
efficiency, and satisfaction in a certain context of its usage. Effectiveness in this case shows
accuracy and the extent, to which users achieve their goals. Effectiveness measures resources,
which are consumed to achieve precision and comprehensiveness of the achieved goals; satis-
faction is convenience and accessibility of the work of the system for users [3]. Usability is a
basis for the success of any system and a prerequisite for the success of on-line learning, but
design is also critical in evaluating quality thereof [4]. Thus, the purpose of this article is
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conducting a theoretical analysis of user interface (UI) features and user experience (UX) in
designing educational on-line platforms. Within the framework of the overall objective, the
following research objectives were set:

1. To analyse the definition of usability of user interface (UI).
2. To describe user experience (UX) in designing on-line platforms.
3. To analyse features of UI/UX design when developing educational systems, as well as to

develop an educational on-line course model.

2. Method

Theoretical analysis of research papers and resources, that introduce guidelines on UI/UX design
when developing an educational system; analysis of the research into UI usability and user
experience (UX) in designing on-line platforms contributed to developing an educational on-line
course model.

2.1. Usability of user interface (UI)

An important task for developers who foster interaction between a computer and a human
in educational sphere is creating useful software for supporting students and their distance
learning, as well as ensuring adaptation of a student to the system. Usability and usefulness are
closely connected but not identical notions. According to Nielsen [5], who differentiates between
usability and usefulness, the former includes not only usefulness, but also effectiveness, efficiency
and satisfaction. A number of experts in this sphere [6, 7] believe that usability is often the most
ignored aspect of web-sites, but in many respects it is one of the most critical. If the designed
environment for on-line education is difficult to use and to understand, it starts loosing users.
Moreover, users are not going to spend much time on trying to understand how the interface
functions, so as a rule educational software is developed for assisting convenient education.
Also, usability provides users with an opportunity to effectively manipulate interactive software
that are selected for performing the definite educational task. The above mentioned is proved by
Squires and Preece [8], who emphasise that system developers do not pay enough attention to
the consequences of usability features of educational software system for achieving educational
outcomes.

One more important question, raised by the developers of educational systems is evaluation
of their effectiveness, which is defined by a user’s interaction with the interface of this system.
Research into the evaluation of SEL usability was done by a number of experts [9, 10, 11, 12, 4, 13,
7, 3, 1, 14, 15]. The analysis of these research papers shows that the evaluation of SEL usability
is a complex task. The increasing number and variety of learners (sometimes a user interaction
with the educational environment is one-time event), technical progress and complexity of
educational tasks create both – serious problems and perspectives for using SEL. Additional
difficulty is created by the fact that the main goal of a user is learning, which can be implicit or
abstract by nature [14]. Hence, Notess [16] believes that evaluation of electronic education can
push the usability practitioners beyond their comfort zone.
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The authors of this paper take into consideration the idea by Squires [17], who highlighted the
necessity to integrate usability and learning, as well as pointed out waiver of communication by
staff working in sphere of a human-computer interaction and educational environments. In fact,
usability of electronic learning design is directly connected to their educational value. Systems
of electronic learning can be convenient, but not educational, and vice versa [8]. Usability
evaluation can be used with the help of baseline and final evaluation tool [9]. Evaluation can be
done when designing systems for detecting potential usability problems. Final evaluation can
be done after introducing the system in order to define actual usability problems. There are two
different evaluation methods for supporting the above mentioned types. Methods of analytical
evaluation are as a rule used during evaluation, but empirical ones – during the final evaluation.

Methods of analytical evaluation are usually used by design experts in order to define usability
problems when designing a system [9]. These methods include heuristic evaluation, cognitive
evaluation and evaluation of the analysis on the level of pressing the keys [18, 19]. Heuristic
evaluation covers using a list of design heuristics or principles for design evaluation and detecting
any possible system usability problems. There are several such lists of project heuristics, but
the most frequently used is a list of ten principles of design (table 1), suggested by Nielsen [12].

These are general principles of design, but some authors (e.g., Jordan [20], Rubin and Chisnell
[10], Zaharias [14], Giannakos [15]) adapted them to usage in different contexts, for instance,
in e-commerce [20]. The result of heuristic evaluation consists of a list of design problems,
seriousness of these problems and suggestions on improving design.

Cognitive evaluation is an analytical method, used to evaluate simplicity of learning and
using the system. A detailed analysis of the key tasks, which are supported by the system,
is done. For each task there are four questions, asked to forecast the system usability. The
questions are: Is the goal clear in this stage? Is the corresponding action obvious? Is it clear,
that certain actions lead to the goal? What problems appear when taking the action? [9]

Analysis of the level of pressing the keys can be used to define the effectiveness of interaction
with the user and compare various designer solutions. Quantitative measures of the time can
be related to every user’s action, for instance, clicking a mouse or entering the text, and are
used to determine the time for performing each task. They can be used to choose the menu
structure, the mode of interaction and usage of concrete objects of interaction.

Empirical methods of evaluation are used to identify factual indicators of effectiveness,
efficiency and satisfaction [9]. These methods are field tests, observations, interviews, ques-
tionnaires and system usability testing. Empirical methods mean work with real users and
collecting data which must be analysed. Empirical methods can consume much more time and
funds, than analytical methods, but they can give quantitative data on the factual viability of
the system.

Formal usability testing includes development of controlled experiment, which is usually
done in a special usability laboratory [10, 11]. Formal usability testing requires certain important
components: the experiment must be carefully designed; the hypothesis of the research must
be identified; representative users must be selected; a list of relevant tasks must be prepared;
evaluation must be done; data must be collected; the analysis findings be done. To identify
the user profiles and the level of user satisfaction with the interaction, special questionnaires
can be used before and after testing. Official usability testing can give factual indicators of
effectiveness from the point of view of the level of the task performance and effectiveness from
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Table 1
Ten principles of design by Nielsen [12].

Title Description

1. Visibility of system sta-
tus

The design should always keep users informed form users on what is
happening through a proper feedback within reasonable amount of time.

2. Match between the sys-
tem and the real world

The design should speak the users’ language. Use only words, phrases
and concepts, familiar to the users rather than internal jargon. Follow
real world conventions, making information appear in a natural and
logical order.

3. User control and free-
dom

Users often perform actions by mistake. They need a clearly marked
“emergency exit” to quit the unwanted action without necessity to go
through an extended process.

4. Consistency and stan-
dards

Users should not have to wonder whether different words, situations
or actions mean the same. It is necessary to follow the platform and
industry conventions.

5. Error prevention Good error messages are important, but the best designs carefully prevent
any problems from occurring. It is necessary either to eliminate error-
prone conditions or to check them and give users a confirmation option
before they commit to action.

6. Recognition rather than
recall

Minimise the user’s memory load, making elements, actions and options
visible. The user should not have to remember the information from one
part of the interface to another one. Information, required to use the
design (for instance, field labels or menu items ), should be visible or
easily retrievable, when needed.

7. Flexibility and effi-
ciency of use

Short-cuts hidden from novice users can speed up interaction for an
experienced user, so that the design can satisfy both user groups. Allow
users to tailor frequent actions.

8. Aesthetic and minimal-
ist design

Interfaces should not contain information which is irrelevant or rarely
needed. Each extra unit of information in the interface competes with
the relevant units of information and diminishes their relative visibility.

9. Help users recognise, di-
agnose and recover from
errors

Error messages should be expressed in plain language(no error codes),
accurately indicate the problem and constructively suggest a solution.

10. Help and documenta-
tion

In the perfect scenario the system does not need any additional explana-
tions. However, it can be necessary to provide documentation, to help
users understand how to complete their tasks.

the point of view of the tasks performed.

2.2. User experience (UX) in designing the on-line platform

The notion “user experience” (UX), according to the standard [2] means human perception
and responses which result from usage or expected usage of a product, a system or a service.
Users’ perceptions include emotions, preferences, comfort, behaviour and achievements, that
happen before, during and after the usage. Interaction with the user is a result of a brand image,
presentation, functionality, productivity of a system, interactive behaviour and additional
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capacity of a system, a product or a service. It is also the result of internal and physical condition
of the user, which springs from the previous experience, attitude, skills of a person, from the
context of usage.

This notion can have a wider meaning, which is researched in the special literature [21, 22, 23].
Despite the increasing interest to the experience in using systems, it is difficult to achieve joint
agreement on the nature and sphere of usage of UX [21]. Most respondents in the research [21]
agree, that UX is dynamic, dependent on the context and subjective, including such factors as
time, place and goal. As regards more disputable questions, the authors suggest defining UX
as something individual (rather than social), which appears as the result of interaction with a
product, a system, a service or an object. But the terms used require additional explanations to
list all the possible objects that impact the user experience. UX selects emotional factors and is
aimed at positive experience and strengthening the trust in the object [20]. UX is a result of a
user’s internal condition (preferences, expectations, needs, motivation, mood, etc.), features
of the designed system (for instance, complexity, purpose, usability, functionality, etc.) and
context (or environment), in which interaction takes place (for instance, organisational/ social
environment, content of the activity, free will to use, etc.) [24].

The first requirement of a perfect user experience (UX) is meeting precise needs of the user,
without fuss and problems. Then follow simplicity and elegance, creating products, which are
pleasant to possess and to use. Real user experience goes beyond the reach of what users want,
what they aspire for or just presenting functions from the check-list. To ensure high quality
of UX in the company’s offers, it is necessary to have seamless consolidation of services in
different spheres, design, marketing, graphic and industrial design, interface design included
[25].

It is critical to differentiate general interaction with user interface (UI) and UX, though UI,
obviously, is an essential part of design. Let’s take Ukrainian educational platform Prometheus
as an example [26]. The catalogue of on-line courses has an attractive interface design (figure 1),
but a user who wants to get information about a specific on-line course will face a difficulty
when searching it, as the catalogue has only general topics and does not have such an option as
search using key words.

UX is a central component, especially in successful web-sites and digital products. Moreover,
overall effectiveness of a system increases owing to UX. In course of researching into UX, such
tool as framework of conception and optimisation gained momentum. Dixon et al. [27] raise
the issue of negative perception of complicated and confusing user service implementation. As
researchers believe, in order to improve the quality of a service, it is necessary to minimise the
number of days, which spend by users to achieve the desired outcome.

When developing a service which is aimed at triggering pleasant emotions in a user or
override competitors in terms of complexity of presenting information, it leads to users outflow.
Users can be overwhelmed by the number of self-service channels – interactive voice service,
web-sites, e-mail, chats, communities for on-line support, social networks, etc. They often have
no opportunity to take move in order to solve the problem.

Obviously, the simplicity of the service contributes to solving the users’ problems. This ap-
proach is applied not only to the commercial services, but also to educational services. Designing
an easy-to-understand and simple interface for on-line learning can increase effectiveness of its
usage for both – learners and university teaching staff.
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Figure 1: Catalogue of on-line courses on educational platform Prometheus.

Optimally developed program user interface from the point of view of UX, is an inseparable
part of success or failure of any educational product. When developing an on-line course, the
teachers must have competencies which help them impact the quality of UX and as a result –
the platform itself.

2.3. UI/UX design in designing educational systems

User interface (UI) usability and effectiveness of user experience (UX) depend on the quality of
the system design, which consolidates both these tasks into one single process of creating an
educational system.

As a rule, people associate the notion “design” with various things, depending on the sphere of
human activity, but Dervojeda et al. [28] defines design as an engine for innovations. Design is
a creative method of developing and creating a new or a significantly improved product, service
or system, which means a comprehensive approach to creating various objects, considering
various factors and conditions of economic, ecological, technological, cultural environment,
opportunities, social priorities and preferences.

Modern educational on-line systems are developed using the Internet and web-technologies,
so when considering these systems, a separate type of design is referred to – web-design.
Web-design is a part of web-development and includes the process of designing a user web-
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interface for web-sites or web-applications. As Borodayev [29] states, web-design is a kind of
graphic design, aimed at developing and arranging objects of informational environment on
the Internet, which adds high consumer attributes and aesthetic qualities. Such interpretation
separates web-design from web-programming, emphasises the specifics of the subject matter of
a web-designer, positions web-design as a kind of graphic design.

Web-design, as defined by Indeed Editorial Team [30], is the process of creating web-sites
and web-pages for fostering effective and pleasant usage. Web-design determines the goals of a
web-site or a web-page and contributes to its accessibility by all the prospective users. This
process involves arranging content and visuals on a series of pages, program integration and
other interactive elements, choice of attractive style and colours.

Specialists, who do this job are called web-designers, their main tasks are:

• the choice of readable fonts;
• the choice of attractive colour schemes that allow to easily read the fonts;
• introduction of a brand identity into colours, fonts and a mock-up;
• designing the web-site structure map for ensuring intuitive navigation;
• placement of icons, logos, texts, videos, programs and other elements;
• using such coding languages as HTML and CSS for creating layouts and presentation of

pages;
• creating optimised versions of web-sites and pages for viewing them on both PCs and

mobile devices.

There is a list of standard components for creating an optimal design of a web-site (table 2).
Among the latest trends in web-design, which attracts experts’ attention, is its minimalism,

which is applied when designing the structure and content of on-line courses. Moreover,
studying the strategies that impact user interface, studios Acodez [31], Nielsen Norman Group
[32], WebsiteBuildErexpert [33], TheNextWeb [34] claim that minimalism is something users
prefer in particular. Experts warn that using too much technology decreases the chance to
attract clients by the web-product.

The findings of the research by Baharin et al. [35] prove that the design of the on-line courses
interface is no less important than their content or the choice of the learning method. Analysing
the directions in UI design, scientists grounded, that its quality impacts not only the success of
a separate course, but of the educational platform as a whole.

Scientists also discuss the above mentioned trend in their research papers. Wolverton and
Guidry Hollier [36] describe the survey of the teaching staff in universities concerning the
usage of minimalistic approach when designing courses. The authors of the article believe that
it is necessary to use less technology, to simplify learning, an on-line learning course should
not be sophisticated. Sani and Shokooh [37] point out that minimalism without unnecessary
aspects and arrangement of visual elements decreases confusion in the audience and increases
effective interaction with the web-site. In order to identify and prove the factors that influence
satisfaction of teaching staff with learning on the Internet, Bolliger and Wasilik [38] drafted a
web-questionnaire, which was used to measure teachers’ satisfaction in the context of on-line
educational environment. Describing the respondents’ answers, scientists noticed that using
the principles of minimalism allowed to make an on-line course graphically simple. In turn,
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Table 2
A list of standard components of web-design

Component Description

Layout Determines a way to show material on the page. The choice of a layout is a principal
task for a designer. It must be simple, intuitively understandable and accessible. Web-
designers can use blank spaces, called gaps, to arrange the web-site elements with the
help of mesh design to keep them in order.

Images Illustrations, graphic images, photos, icons and others are used to add information to
the text. To create the desired effect, designers can choose images that complement each
other, and the brand, which the web-site represents.

Visual hier-
archy

The order in which a user will get the information on the web-site is identified. A designer
creates it, using a visual pattern to the web-site. A visual pattern is a method in which
a designer directs the look and the behaviour of a user. For instance, F-Patterns or
Z-Patterns emphasise the upper horizontal part of the web-site, where mostly navigation
menu and a logo, sometimes a search-box are placed. Those are elements, that inspire
for interaction with users.

Colour
scheme

Defines the combination of colours, that must be in harmony with the brand and the
industry, which it presents. To achieve this goal, a dominant colour is chosen along with
several others to create a proper palette. Colour palette can be solid (different shades of
one colour), similar (colours, close to each other) or complementary. Designers also take
into account what colours attract users more.

Typesetting Defines the style and font of the text. Web-designers choose one or a combination of
them, which is attractive and easy to read. To make the best choice, it is necessary to
choose the font which meets the expectations of the target audience. Some web-sites
can have notched fonts, while others can use non-serif fonts, depending on the sphere,
goal and a regular user.

Readability Representation of the content, which is easy to see and to read on the web-page. The
text on the web-page must be readable, as users usually spend little time on that and
have to find the information quickly. Designers can achieve it, choosing the relevant size
and font for the text. Contrast between the text and colours of the web-site background
also enhances legibility.

Navigation Navigation elements are tools that allow users to choose, where they want to get on the
web-site. They can be present in the upper or lower header of the web-site, depending
on its layout and structure. These elements are important as they direct visitors to
the necessary information as fast as possible. Designers can choose various navigation
designs and layouts, for instance with the help of a button that folds and unfolds the
navigation menu. Elements of navigation can contain arrows that direct users back to
the upper part of the page, to a certain part of the page or to another page.

Content Content is all the information, present on the web-site. It is a key element, as visitors
want to get information quickly. When a web-site is clearly structured and attracts users’
attention, they are more likely to turn into clients.

Adaptability Adaptability is a function of the web-site that allows to show it on a mobile device and to
adapt its layout and proportions so that it is readable. Web-design ensures convenience
in surfing the web-sites and their navigation on mobile devices. If a web-site is well-
developed and adapted to mobile devices, users can easily achieve the goal.
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teaching staff in universities, working with the course, claimed that purely efficient design allows
them not to get distracted by the course presentation when doing the course itself. Studying
minimalistic documentation strategies and their successful application for creating short videos,
Pflugfelder [39] offered instructions, taking into consideration minimalism in Web-applications.
Lazonder [40] also emphasises the importance of developing such instructions and claims that
in order to create a truly minimalistic interface, a web-designer has to arrange the elements
showing only the ones which are of the highest importance and do not distract users from
the necessary elements. Evaluating positive and negative impact of interface on the process
of learning, del Campo et al. [41] did the research into User eXperience (UX) with the help
of a quality analysis of the students’ survey, studying their level of satisfaction by the use of
web-pages. Bender et al. [42], Betts [43], Bolliger [44], Bolliger and Wasilik [38], Boettcher [45]
also did research into the factors of students’ satisfaction with on-line products. Among the
factors that explain students’ satisfaction with on-line courses, scientists outline the following:
intuitively understandable navigation system and blank space on the page of on-line courses,
speed of a web-page downloading on the platform, simplicity of orientation and easy access to
the necessary content, usage of as few interactive elements of web-design as possible.

In a research paper by Vlasenko et al. [46] the analysis of web-design minimalism was
conducted, using as examples a few elements of presenting content. Dynamic web-elements,
such as accordion, slider and tabs were singled out. The findings of the research show that the
optimal variant, from the point of view of minimalism is tabs. In course of the research, a list of
criteria was offered. These criteria foster perception of the course materials, do not overload
users with extra information, make navigation on the course pages easy and accessible. Thus,
the analysis of certain prerequisites of existence and functioning educational on-line systems
allowed us to make a decision on the model developing on-line course (figure 2).

When constructing the model, we took into account that the user interface, which does not
contain enough components, or they are used inappropriately or poorly, affects the components
of usability of the online course. This can affect each convenience component individually or
all at once. For example, the non-availability or an insufficient number of navigation elements
reduces the effectiveness of the principles of “Recognition, not remembrance” and “Flexibility and
efficiency of use”. And inadequate use of color scheme or printing will reduce the effectiveness
of all the principles of usability. Therefore, the UI / UX design online course model should reflect
the relationship between the UI components and the overall usability of the online course.

3. Discussion

Now that modes of learning are blended and remote, usage of systems of e-learning is becoming
more topical and popular. Interest in developing cognitive on-line environments is on increase;
it fosters comprehensive preparation of a learner in combination of conventional and on-line
learning. The authors of this paper, together with Ardito et al. [1], Alomari et al. [4], who deal
with the problem of using cutting-edge e-technologies with educational goals, share the opinion
that the main prerequisite for the success of on-line learning is usability of SEL for users and
the level of their satisfaction with the interface. An opinion by Squires [17] on usability of
systems of electronic learning is of importance. Hence, the research by the scientists proved the
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Figure 2: The model developing on-line course.

assumption of the authors of this paper on topicality of the research into features of the user
interface (UI) and user experience (UX) in designing educational on-line platforms.

We also agree with the opinion by Squires [17] about the direct connection between the
usability of the e-learning design and its educational value. The course interface on the educa-
tional platform was singled out by Hasan [47] as one of the factors that impacts the on-line
learning. Applying analytical and empirical methods of assessment of the usability problems and
indicators of effectiveness efficiency and satisfaction by the educational platform was proved

194



by the research, where it is stated that principles of instructional design, principles of usability
implementation [48, 49, 50, 51, 52] and suggestions concerning design and development of an
on-line course [53] must be considered.

Based on the conducted research, the authors of this article developed a model of on-line
courses. The first structural element of the model was defined as user interface components,
among which are: a layout, an image, visual hierarchy, colour scheme, typesetting, readability,
adaptability, navigation, content. The authors assumed that functionality of the model is ensured
by the impact of interface design on usability of the on-line course. This, in turn, allowed to
decide on such structural element of the on-line course model as principles of usability. The
research presents the developed model of usability principles, such as following: visibility of
the system status; match between the system and the reality; control and freedom of users;
consistency and standards; preventing errors; recognition, rather than recall; flexibility and
effectiveness of usage; aesthetic and minimalistic design; assisting users; information and
documentation.

4. Conclusions

The authors of this paper based their research on the analysis of the resources and scientific
papers on introducing guidelines on UI/UX design when developing educational systems;
usability of user interface (UI); evaluation of user experience (UX) in designing on-line platforms.

The notion of usability of user interface (UI) was analysed and it was determined, that for
different types of evaluation different evaluation methods are available. This research paper
presents the methods of analytical assessment, among which are heuristic evaluation, cognitive
evaluation and analysis evaluation on the level of pressing the keys. It is also defined, that
methods of analytical evaluation, as a rule, are used by experts on design for detecting usability
problems when designing a system. As far as empirical methods are concerned, such methods
of evaluation are used for determining factual indicators of effectiveness, efficiency and user
satisfaction by the on-line courses.

Research into user experience (UX) in designing on-line platforms allowed to make the
following conclusions: UX is a core component of successful web-sites and digital products;
optimally developed program user interface from the point of view of UX is an inseparable
part of any educational product; in order to enhance the quality of service, it is necessary to
minimise the number of actions, which are taken by users for achieving the desired outcome.

The analysis of features of UI/UX design when developing educational systems allowed the
authors of this paper to identify, that along with a list of standard components of an optimal
web-site design, cutting-edge trends in web-design are also taken into consideration. Among
such trends are minimalism of web-design, which is used both – during the design of the
structure and content of on-line courses, and during the influence on the user interface. The
conducted analysis also allowed to develop an educational on-line course model. The authors
outlined two constituents in the structure of the model, namely user interface components
and usability principles. The model functions owing to the impact of the interface design on
usability of the on-line course. There is space for further research into the effectiveness of the
impact of the developed model on achieving the outcomes of educational activity of Master
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students, majoring in “014 Secondary Education. Mathematics”.
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Abstract
The world wide pandemic situation revealed the problems in all spheres of human life which haven’t been
faced before. Recently the world has changed greatly as well as the relationship between people and their
professional activity. The great bunch of the workload, if basically acceptable, is done with the use of
modern innovative technologies. Such problems have not trampled down the sphere of higher education
as well. Distance learning, which was previously addressed to only as accompanying possibility of lessons
conduct, nowadays is considered to be the only practicable form of conducting lectures, practical lessons,
tests, i.e. it has become a usual daily practice for both teachers and students. Among the basic functional
requirements to the electronic educational resources in the system of distance learning there are the
visualization and interaction principles both when getting familiar with the theoretical material and when
completing virtual laboratory and practical tasks. The Microsoft Office documents have become the most
widespread elements among the electronic educational resources. That is why there is a pressing need in
presenting the electronic MS Excel spreadsheets on the resource web-pages. The simple and convenient
way to solve the problem of Excel documents introduction into the electronic resources of the distance
learning systems is the use of cloud services. The services help to acquire the access to the information
resources of any level and of any capacity with the possibility to allocate the rights of the users belonging
to different groups in relation to the resources. For that purpose the availability of the Internet network
access and web-browser would be enough [1]. The cloud calculation technologies introduction allows for
the use of the programs that do not require special licensing, update versions monitoring and eliminates
the need of software technical support as the provider himself exercises control over the functioning,
data saving, antivirus protection and possible cyberassaults. The peculiarities of professional training of
navigators require the students to acquire the knowledge of professionally-oriented tasks algorithms as
well as the knowledge of technologies that can help to implements them. One of the main routines the
officer needs to deal with on the navigational bridge is the use of the information systems of shipboard
hardware. But before usage he needs to assure of the systems reliability. That is why it is extremely
important to gain during the course of professional training the necessary skills of navigation equipment
exploitation reliability assessment by means of Microsoft Office documents and cloud services. So the
subject matter of the suggested research is the procedure development for the navigation equipment
exploitation reliability assessment by means of modern services use in the course of professional training
of future seafarers. The aim of the paper is the solution of the problems of optimum assessment of
the information systems of shipboard hardware reliability by means of cloud technologies usage. The
following tasks are completed in the course of the research: the peculiarities and characteristics of
navigational information processed by the shipboard navigation and information system have been
analyzed; the results of the information systems of shipboard hardware usage have been studied; the
technological diagram of the basic components structuring of the “Information systems of shipboard
hardware” complex for the Master’s degree training course has been created; the effective technology of
the program Excel documents processing has been chosen; the system of access and usage of web-services
for calculation tables processing in the system of distance learning has been designed;the process of
competency formation which will enable students to use cloud services has been suggested.
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1. Introduction

Kherson State Maritime Academy (KSMA) is the unique educational establishment which
unites the profound technical preparation of students with the professional character of the
knowledge received by students by the graduation. For example, the integral components of the
curricula for the future navigators training are such subjects as the Technology of the materials,
Physics, Theoretical and practical engineering, Information technologies and others without
which it is impossible to comprehend such professionally-oriented subjects as Theory and ship
construction, Navigation and Pilotage, Cyber security aboard, Information systems of shipboard
hardware, Global Maritime Distress and Safety System. It is worth while mentioning that the
syllabuses of the technical subjects are developed in compliance with the International Maritime
Organization (IMO) standards for the preparation of future seafarers.

The course “Information systems of shipboard hardware” is of high importance for the
educational and professional training of future specialists to carry out the professional activity
aboard ships, for the formation of students’ knowledge as for the current state and problems of
the modern ship automatization in accordance with the valid regulatory documentation to enable
them to perform their professional duties related to ship navigation at the managerial level. The
amount of the information that any student has to acquire while mastering this subject course
encompasses the wide range of factors which as a whole comprise the theoretical and practical
bundle of knowledge a competitive navigator must possess to withstand the competition at
the international employment market. The required pack of knowledge encompasses such
elements as the understanding of the unique peculiarities and characteristics of the navigational
information which is processed by the shipboard navigation and information system (NIS), the
ability to effectively use the communication channels of the automated information systems
while keeping the watch on the bridge and communicating with shore services, to assess
the probability of shipboard navigation and information system elements failure and their
operational reliability. All of the above mentioned is considered to be the basis for the provision
of the navigational safety in general, for the protection of the environment and the efficient
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usage of vessel traffic management system.
The effective work of the shipboard navigation equipment is the guarantee of safe navigation

both for the given vessel where it is installed and for the ships in vicinity which must compulsory
have information connection with it. Though even the most modern equipment will not be used
at the optimum level if the person working with it is not ready for the operational performance.
The course “Information systems of shipboard hardware” is taught during the Master course so
it is considered to be one of the closing subjects in the curriculum for the navigational training.

For the maritime industry specialist the process of education for the Master degree is the
compulsory step in the career advancement if he wants to obtain the rank of senior officer in
navigation to operate a ship at the managerial level. Considering the theoretical and practical
bunch of knowledge and training students acquired at the previous levels of education a teacher
should at maximum practicable level provide the appropriate level of knowledge on such an
important for the maritime industry specialist field as the information systems of shipboard
hardware.

The professional training of future seafarers must guarantee the fulfillment of the require-
ments of the competency standards stipulated by the rules of the International Convention
on Standards of Training, Certification and Watchkeeping for Seafarers. One of the structural
elements of the professional competency is the acquisition of navigation information assessment
skills. The information is obtained from all practicable sources including radar, automatic radar
plotting aids (ARPA) and electronic complexes of navigation and information systems. The
information obtainment and assessment is aimed at decision making for collision avoidance
and safe navigation provision.

One of the issues discussed in the suggested course is the assessment of the navigation
equipment failure probability and of the operational reliability of the shipboard navigation and
information systems components. The reliable operation of the systems provides for the safe
vessel operation, full identification of its parameters in comparison with the real condition of a
vessel at a specific period of time.

2. Related work

The information provision of vessel traffic control systems and the problems of their reliability
have been researched by Vilsky [2], Vilskiy [3], Vilskyi and Nadych [4], Vagushchenko [5]. The
subject matter experts stress out that the risks of shipboard emergencies arise from the inaccurate
or untimely information and they believe that to solve this problem it is necessary to use the
scientific approach which will provide for the well-reasoned technology for the information
provision research in the vessel traffic control systems. The complex use of modern information
technologies on ships is described in the publications of Zaytseva et al. [6], Voloshynov et al.
[7].

The state probability assessment of any technical system in one way or another is connected
to the necessity of mathematical grounds comprehension relevant to such research, knowledge
of basic provisions of probability theory, the ability to design an adequate mathematical model,
which will be relevant to the physical content of the problem. The objects’ and systems’
reliability research has always been an urgent matter as there are no systems that can function

202



during the unlimited period of time. That is why the issues of basics of the reliability theory,
mathematical methods of systems reliability assessment, the usage of probabilistic criterion are
discussed by Vasilevskyi and Ignatenko [8]. The basic methods of systems reliability assessment
during the sudden or gradual failures, the means of increasing the criterion of objects trouble-
free operation are discussed by Shklyar [9]. The reliability theory determines the principles of
troubleshooting appearance, system and its elements performance restoration, it also accounts
for the influence of both external and internal factors onto the processes inside the system,
enables the determination of the ways to increase system’s reliability.

But nowadays it is not enough to be a professional in highly specialized sphere of the
professional activity, which is in particular true about seagoing fleet officers who bear the
responsibility for the ship, the cargo and the crew. The availability of the expertise knowledge
in the world wide trends of digitalization is granted during the period of professional training of
future navigator in higher educational establishment. One of such tendencies is the use of cloud
technologies in education and, correspondingly, in future professional activity at workplace.
Currently this problem is in focus of attention. For example, the publication [10] is aimed at
conceptual definitions grounding, determining the principles and methods of cloud-oriented
educational and scientific environment formation, electronic resources classification provision,
guidelines provision for different types of services usage.

The problems of cloud-based learning tools and especially information subjects teaching
are discussed by Balyk et al. [11], Bilousova et al. [12], Fedorenko et al. [13], Glazunova et al.
[14], Khmil et al. [15], Kolgatin et al. [16], Korotun et al. [17], Markova et al. [18, 19], Lytvynova
and Burov [20], Oleksiuk and Oleksiuk [21], Osadcha and Osadchyi [22], Spirin et al. [23], Striuk
and Rassovytska [24], Symonenko et al. [25], Valko et al. [26], Vakaliuk and Marienko [27],
Vakaliuk et al. [28], Velychko et al. [29], the principles of individual work organization by means
of cloud services Yandex are described by Aleksanyan [30]. Cloud services provided by the
companies Google, Microsoft are described in the works by Bondarenko et al. [31], Bondarchuk
et al. [32], Korobeinikova et al. [33], Lytvynova et al. [34], Sultanova et al. [35].

Though the issue of the professional training of a specialist able to adapt to the changing
requirements of today in the context of information society globalization, who can freely and
effectively use the latest advancements in the sphere of digital technologies, still remains a
matter of acute interest.

3. Solving basic problems

The most complicated issue is considered to be the introduction of the described theoretical
methods for the practical research conduct in the professionally-oriented direction specific for
navigators as compared to the global approach of the analyzed information sources usage there
is a very specific peculiarity in the course of the professional maritime training. It is explained
by the fact that during the education in higher maritime educational establishment the process
of general cycle subjects teaching is organized on the basis of the competency-based approach
though anyway it cannot encompass all challenges of such a fundamental science as the theory
of information systems reliability.

The result which can prove students’ comprehension of the described topic is the creation of
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data base which is able to optimize the process of operational reliability assessment of shipboard
navigation and information system components. It is presupposed that the work with the base
is possible in typical office MS Excel program as well as with the use of cloud services. This
will enable higher level of convenience and availability to the data base of the users who are
granted the access as well as the increase of the mobility level of the user himself.

A Master degree student completes the tasks in electronic MS Excel spreadsheets or in cloud
services Google Apps or Microsoft OneDrive. The created data base can be used even during
the voyage being aboard ship as the cloud services are available at any place worldwide under
the only condition of Internet access.

The task of a teacher here is to develop such subject content and the relevant technology of
its realization which will be capable of achieving the main task – future navigator professional
training in the sphere of the comprehension of the peculiar features in the course of the
information systems of shipboard hardware usage and as a result practical implementation of
innovations in the course of professional activity.

A navigator receives the information about ship’s position, technical condition of equipment,
and its technological characteristics at every specified moment of time exceptionally by means
of computers which are installed aboard, i.e. all required data is supplied by the information
systems of shipboard hardware. It is clear that a senior deck officer, who is getting a professional
training at the Master degree course, must be completely aware of the intended purposes, main
functions and operational principle of automated identification system.

The information systems of shipboard hardware in their logical structure use the achievements
of modern innovative information technologies such as: microprocessors, logic controllers,
which can be programmed, optical electronics and the like. The very use of modern innovative
information technologies for the purposes of navigation enables:

• the improvement of shipboard hardware in general;
• the creation of new navigational devices and systems which in turn provided for the

increase in accuracy and safety of navigation;
• the development of more effective data sensors showing the information about shipboard

technological processes particulars;
• the processing of the navigational information in the real timescale factor;
• the improvement of the quality of ship maneuvering due to the use of more precise

information about the navigational process and also due to the fact that the deck officers
become less overloaded with the routine operations on information search and processing;

• the improvement of the control over the work of the shipboard hardware and hence
increasing the safety of the ship;

• the use in complicated situations of the distant assistance of the qualified shore-based
personnel by means of creating the possibility of fast transmissions of large amounts
of information which will be displayed ashore and will be used to characterize the
development of the situation in the process of ship passage;

• the departure from the traditional rigid organization of ship control systems due to the
fact that they now become open because of their integration by means of information
channels;

204



• the fulfillment of automatic completion of a series of “intellectual” tasks connected to
ship maneuvering, ship safety provision, technical aids of navigation control and others.

If one gets familiar with the syllabus content of the mentioned course which encompasses such
important topics for navigation as “The fundamental concepts of information transmission by
means of AIS”, or “The effective use of AIS in the “ship-to-ship” and “ship-to-shore” modes, he/she
will at once notice that to study the topic “The possibility of failure and operational reliability of
shipboard information and navigation systems components assessment” it is especially crucial
to have the profound knowledge both in high mathematics in general and specifically in one of
its subdisciplines “The probability theory”, on the one hand, and the knowledge of vessel traffic
control systems information provision structure, fundamental concepts of reliability theory, on
the other hand.

A navigator must be able to classify and cluster maritime data and notices; to research
the process of information formation and circulation inside the vessel traffic control systems;
to understand cluster – probabilistic methodologies of informational ship movement danger
research and the principles of data formation and circulation on the water routes; to perform
formalization of navigational field data flows which provide the process of navigation.

Considering all of the above mentioned and own experience, a teacher forms the optimum
path of information provision to students and chooses the methods of knowledge reinforcement,
using at maximum the potential of modern technologies. In this regard, it is necessary to pay
attention to some peculiar features of the education process during the Master degree course,
namely the fact that students can enter the course not only after the graduation from Kherson
State Maritime Academy but also from any other higher maritime educational establishment in
Ukraine as well as abroad. It means that the previous level of professional training (Bachelor
degree) can be different but still the curriculum of the Master degree course is the same for
everyone.

So, let’s move immediately to the failure probability and operational reliability of shipboard
information and navigation system components assessment and calculations performance in
accordance with the assigned task in electronic MS Excel spreadsheets, in Google Sheets or on
OneDrive service.

The overall assessment of shipboard navigation and information system components is based,
first of all, on the database creation of the mentioned components with the account of their
optimum allocation in the base, all necessary parameters input, which characterize this or
that research object; second of all, the creation of calculation framework, which allows for the
process of the reliability indices determination to be carried out automatically. Here the crucial
for a Master degree student is the ability to use the mathematical apparatus when performing
the professionally-oriented calculations; the knowledge of the fundamental principles of the
probability theory; the skills of the practical use of vessel traffic control systems. On the other
hand, they must learn how to freely use the modern communication means, how to complete
common project in collaboration, how to safely use the information space. This is, first of all,
the case of the use of cloud technologies, which not only broadens the student’s insight of
the distant form of education but also makes modern digital technologies an integral part of
life-long learning.

A navigator must be able to structure the data received as the readings of devices into the
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electronic spreadsheets, to create a convenient algorithm of the input data processing, to make a
series of calculations according to the formulas given, to obtain and analyze the final result. For
example, according to the data about the ship’s position (latitude and longitude of the departure)
and the port of destination (latitude and longitude of arrival), he must be able to calculate the
route the vessel will proceed, the distance between the port of departure and arrival, the best
heading of the vessel, under the condition of complications in the form of stormy weather on
the way, supply for stormy weather and many other indices which enable the movement of a
ship and the fulfillment of all charter conditions. The knowledge and skills of their practical
application provide for the ability of students to comprehend the essence of the problem, to
percept any calculation formula as the guideline for actions to be taken, to be able to structure
the calculations and to assess the validity of the result obtained. In this respect it is clear that all
the calculations are done in electronic spreadsheets because the created beforehand and edited
and well-structured calculation framework allows for the substitution of the input data and
immediate correct results obtaining.

According to the topic of the research special attention has to be paid to the knowledge from
the basic course of the probability theory and especially to the laws of continuous random
variables distribution. For example, the probability of trouble-free operation of shipboard
automated control systems elements such as magnetic compasses, gyrocompasses, speed logs,
echo sounders and the like and the probability of their operational reliability is calculated by
means of the exponential distribution law. It must be stated that the reliability theory considers
more than ten distribution laws but the demonstrative (exponential) law is used when it is
necessary to carry out the general reliability assessment because it complies with the exploitation
analysis of complex technical systems in case of sudden serious failures. This distribution law
is characterized by the simplicity and allows for the easy calculations of reliability indices
which can appear as the result of mistakes while designing, manufacturing and exploitation of
elements.

Peculiar features of work on seagoing vessels such as distance from shore require from
deck officers the knowledge and skills of system reliability assessment and how to maintain
it in operational condition under any circumstances. The reasons for system failure can be
storms, magnetic storms, and any other emergency situation which can lead to the failure of
the information system of shipboard hardware. That is why it is especially crucial to have the
experience in system reliability assessment, in the probability of its failure assessment, in timely
recognition of possible damage. For example, if 𝜆(𝑡)𝑑𝑡 characterizes the probability of the whole
system failure or any of its elements in a period of time (𝑡, 𝑡+ 𝑑𝑡) inside the group of elements
which remain operational by a specific moment of time 𝑡, then it is possible to determine the
connection between the probability of trouble-free operation and the intensity of failures:∫︁ 𝑡

0
𝜆(𝑥)𝑑𝑥 = 𝑙𝑛𝑃 (𝑡) (1)

or

𝑃 (𝑡) = exp

[︂
−
∫︁ 1

0
𝜆(𝑥)𝑑𝑥

]︂
(2)

The above mentioned connection in in a general way displays the basic reliability law. If
𝜆(𝑡) = 𝑐𝑜𝑛𝑠𝑡, then 𝑃 (𝑡) = 𝑒(−𝜆𝑡) and 𝑎(𝑡) = 𝜆𝑒(−𝜆𝑡), where 𝑃 (𝑡) – is the probability of
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trouble-free operation of the object; 𝑎(𝑡) – is the frequency of failures or the frequency time
distribution of trouble-free operation, i.e.

𝑎(𝑡) = −𝑑𝑃 (𝑡)

𝑑𝑡
(3)

This interpretation is quite often met specifically in practice of information systems of
shipboard hardware research and the formula (3) characterizes the exponential time distribution
of trouble-free operation. If to construct a function graph 𝜆(𝑡), which is called 𝜆 – technical
systems’ characteristics, it will be possible to notice that there is a distribution into three separate
areas where the first area located at the interval (0, 𝑡1) – is the great intensity of system’s failure
provoked by the manufacturing defects; the second area located at the interval (𝑡1, 𝑡2) – is the
interval of stable exploitation, and the last interval (𝑡2,∞) – is the area of the fast growth of
the failure possibility, i.e. the period which requires great caution (figure 1).

Figure 1: 𝜆-technical system’s characteristic.

To effectively assess the systems’ reliability it is necessary to clearly comprehend its structural
diagram. In that case, first of all, it becomes possible to develop the full value data base with
the regard of all associated systems, and, second of all, it enables better understanding of
the correlation between its elements, and as a result more effective assessment of system’s
operational capability in case of one or several elements’ failure. The following diagram displays
the general appearance of the shipboard automated system which serves as the basis for database
structuring (figure 2).

To assess the probability of failures and the operational reliability of shipboard navigation
and information system’s components in the data base the following calculation formulas will
be used:

𝑇𝑎𝑣 =
1

𝜆
, (4)

where 𝑇𝑎𝑣 – the average time of trouble-free operation (according to the documentation); 𝜆 –
the intensity of failures;

𝑃𝑐(𝑡) = 𝑒𝜆𝑡, (5)
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Figure 2: Shipboard automated system structural diagram.

where 𝑃𝑐(𝑡) – is the possibility of trouble-free operation, 𝑡 – is the time of exploitation;

𝐹𝑎𝑣 =
𝑇𝑎𝑣

𝑇𝑎𝑣 + 𝑇𝑟
, (6)

where 𝑇𝑟 – is the time of repairs.
Besides, it is necessary to calculate the preventive-maintenance ratio 𝐹𝑝𝑟 using the formula:

𝐹𝑝𝑟 =
𝑇𝑟

𝑇𝑝𝑟 + 𝑇𝑟
(7)

Operational reliability is calculated by means of the formula:

𝑃𝑒(𝑡) = 𝐹𝑟 · (1− 𝐹𝑝𝑟) · 𝑃𝑐(𝑡) (8)

The maintenance of the shipboard navigation and information system operational capability
is referred to the competencies of the deck officers. The criteria which helps to assess the
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competency according to the International Convention on Standards of Training, Certification
and Watchkeeping for Seafarers is the professional’s profound comprehension of navigation
systems operational aspects. But if to consider the professional competency of navigational
officer he must not only comply with all of the stipulated requirements and competencies of
his professionally-oriented area solely but also he must be able to freely use modern digital
technologies, have adequate skills of standard software use, such as Microsoft Office, and also
be familiar and know how to use some specialized programs installed on ship-board computers.
Additionally, nowadays the compulsory elements of knowledge, skills and abilities include also
the ability to use cloud technologies. This service was created at the end of the last century but
the major breakthrough became possible with the development of mobile devices and Internet
in general, so now it has occupied an important place in our lives.

Experienced professionals use cloud technologies in the routine operations with the informa-
tion flows as it economizes the time significantly under the condition of the Internet access. The
dynamics of digital technologies is characterized by the high level of interactivity and allows
for the collaboration when working upon common projects even if the people engaged in them
are at any distance from one another. The specific features of work aboard, i.e. its being away
from the standard means of communication, requires from the deck officers, who work with
the information systems of shipboard hardware, the availability of the whole new level of com-
petency. So, taking into account all of the above mentioned, it is necessary to design the whole
complex of competencies while teaching the topic “The possibility of failure and operational
reliability of shipboard information and navigation systems components assessment”.

Let’s illustrate by means of the example the fulfillment of the computational part of the
practical assignment during which the Master degree students of the navigation department
so the tasks using standard office programs as well as possibilities of cloud services. This is
a useful practical experience for future navigators because it will be in their responsibility to
perform the calculations but it is necessary to account for the fact that office programs are not
always installed on shipboard computers and cloud technologies allow to work with any kind
of documents but only under the condition of the Internet access.

Because the provision of trouble-free operation of shipboard navigation and information sys-
tems components and the control over their reliability are the parts of a navigator’s professional
duties it is suggested to create such a data base which will allow to structure the process the
necessary parameters determination in compliance with the chosen navigational technical aid,
to add to the program all calculation formulas, to foresee the methods of data and calculation
results cross-check, to make graphical display of the trouble-free system operation possibility
𝑃𝑐(𝑡) and the system operational reliability connection 𝑃𝑒(𝑡) to the time automatic.

The following figure (figure 3) displays the fragment of the data base for the parameters
determination of the navigation equipment reliability assessment according to the formulas
given above. By changing the input data it is possible to receive all the necessary indices of its
reliability and the assessment of its trouble-free operation possibility.

As it was stated above the course “Information systems of shipboard hardware” is taught to
the Master degree students of specialization 271.01 – Navigation and ship handling. According
to the curricular of the Master degree course students must complete their final shipboard
practice. But the real period of practice doesn’t always coincide with what is planned. This is
explained by the great level of competition at the international employment market for seafarers.
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Figure 3: The fragment of the data base for the parameters determination of the navigation equipment
reliability assessment by means of Google Tables: NE – Navigation Equipment, MTC – Main Technical
Characteristics, AU – Average Uptime – According to Documentation, FR – Failure Rate, PTO – Proba-
bility of Trouble-free Operation, RT – Repair Time – Appropriate to Maritime Practice, AF – Availability
Factor, PF – Prevention Factor, SA – Serviceability.

That is why there is pressing need in creating of such conditions that would enable a Master
degree student to have his practice on a seagoing vessel and at the same time to complete
successfully the curricular.

For that purpose when teaching the mentioned course it was suggested to use the technology
of the simultaneous usage of standard software and cloud services. It would provide for the
continuous education process of Master degree students and would eliminate the need to master
all the specific peculiarities of such complicated subject in a short period of time when they
return from their voyages and must get ready to pass credits and exams in a limited period of
time. It is worth while mentioning here that before leaving for the voyage a Master degree
student consults the teacher on the conditions of cloud services usage aboard.

Modern computerized technologies enable students and teachers to use several devices for
communication and cooperative activities: laptops, computers, smartphones, tablets, etc. Cloud
services Microsoft, Google Apps are available at different devices so they are considered to
be a widely-accessible and universal information technology for the work in the educational
environment. To obtain the skills of work with cloud services a cadet, at his discretion, chooses
between cloud services Microsoft or Google to fulfill practical tasks assigned (figure 3).
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4. Research results

The developed technology was implemented into the education process in 2018–2019 academic
year. At that time there was no COVID-19 pandemic situation, but anyway the first results
have proved the necessity of such a course introduction. Though starting from the middle
of 2019–2020 academic year the technology became an urgent necessity as the states were
closed and, as a results, our students were deprived of the chance to come back home in time
according to the terms stated in their employment contracts. The majority of students had to
stay aboard and carry out their professional duties until there was a possibility to be repatriated.
Thanks to the introduction of cloud services the Master degree students had an opportunity to
study the material, fulfill the assignments, to defend the laboratory tasks without leaving their
workplaces. The marks they received can be used as the evidence of the fact that hypothesis as
for the practicability of the new education technology introduction.

So, the results of the research has proved the following.
The course “Information systems of shipboard hardware” is taught at the Master degree

course. Only some part of Master degree students, namely 30%, have the possibility to complete
the course off-line visiting the lessons. The other part, approximately 25%, combines the off-line
classroom learning with the individual mastering of the information by means of LMS Moodle.
The platform allows for the possibility to gain access to all theoretical materials, teachers’
instructions to laboratory works and individual assignments, to consult teachers on-line. But
the other 45% of Master degree students spend most of the academic year onboard, thus having a
possibility only from time to time the address the cloud services. Nevertheless, it appeared to be
enough to receive the frameworks and instructions to the assignments, to complete assignments
in their free time and send them back to teachers for checking. The researchers, i.e. the authors
of the article, collected the data of the statistic monitoring of the academic performance results
in three groups of the Master degree courses full time department in a period of 2018–2019,
2019–2020 and 2020–2021 academic years. The average academic performance results are given
in table 1.

Table 1
The summary table of academic performance results assessment of Master degree students in different
technologies.

Average score

Academic First group Second group Third group
Years Progress Knowledge quality Progress Knowledge quality Progress Knowledge quality

2018–2019 100% 63% 92% 47% 83% 54%
2019–2020 100% 67% 87% 52% 88% 58%
2020–2021 100% 67% 95% 55% 92% 65%

Average 100% 66% 91% 51% 88% 58%

As can be seen from the graph (figure 4), not all of the Master degree students have used
the possibility to obtain knowledge by means of standard or cloud technologies though the
results of the research prove the fact that the interest of Master degree students towards the
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new forms of education is growing, especially with the account for the peculiar features of
maritime education.

Figure 4: Graphic representation of the academic performance results assessment of Master degree
students in different technologies.

5. Conclusions and directions for further research

Every navigational device is provided with the special manufacturer’s blank sheet where it
is stated how often should a check up of the navigation device should be conducted by the
authorized company. As a rule, the check up, conducted once in five years, provides for the
reliable operation of the navigation device for the next five years. Many navigators and super-
intendants cannot understand why the check up should be conducted namely in 5 years. There
are different reasons for that. For example, 5 year exploitation of such device as a magnetic
compass it is quite long time because the accuracy of the magnetic compass readings are getting
much worse with the time.

Any classification society issues “Type Approval Certificate for Product” for every shipboard
device and instrument which is valid for five years, so in five years it is necessary to check and
confirm the operable condition and capacity of the device for the next five years by means of
check up conducted by the authorized organization. By using the information on the average
time of the trouble-free operation of any navigation device, which is calculated based on the
maritime practice, a future navigator obtains practical skills of planning the schedule of the most
commonly used technical aids to navigation check ups, based on the data as for the trouble-free
operation possibility and operational reliability of this navigation equipment, received from the
research described in the article.

On the other hand, the requirements to competency formation connected to the use of digital
technologies are getting more and more stringent every year. At the same time the funding of
the educational sphere doesn’t get any better, on the contrary the expenses for the information
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infrastructure development are becoming less and less. So, one of the effective means to solve
the problem is the use of cloud services in the process of education.

Recently the scale rates of cloud technologies implementation are growing rapidly. The single
educational information space is being developed with the use of cloud technologies which
are predominantly provided by the Microsoft and Google companies. The organization of the
education process with the use of cloud technologies had the following advantages:

• the services work effectively with all types of hardware and software systems;
• there is possibility to apply modern achievements in the sphere of digital technologies;
• there is no need to buy licensed software;
• the access to program apps is granted in any situation (irrespective of students’ location,

if they visit off-line lessons in the classroom or study individually on-line);
• possibility of cloud services application by students in their future professional activity.

Due to the cloud technologies implementation a Master degree student, while being aboard,
can use the created data base for the shipboard information systems reliability assessment
by changing the input data in accordance to the shipboard hardware systems parameters of
his vessel. The authors of the research believe that the further engagement of Master degree
students into the use of modern services can greatly increase the level of their professional
training which, for sure, will enable to increase of their competitive abilities at the international
employment market for seafarers.
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Abstract
The article provides a survey on cloud platforms suitable for a virtual online laboratory, which contains
Linux online environments and is intended to support the Operating Systems course. The study justifies
the choice of utilizing private cloud as a deployment model and IaaS as a service model and substantiates
the decision to create specially tailored cloud environments adapted for educational needs in contrast to
applying ready-made IaaS (Infrastructure as a Service) cloud services given by providers. The related
works on cloud platforms for teaching operating systems are analyzed. The study also makes a review of
the authors’ previous research on virtualization tools and environments for the Operating Systems course
and Cisco CyberSecurity Operations course. The basic and additional requirements for cloud computing
software for virtual online laboratory supporting Operating Systems course have been elaborated. Finally,
the work makes the comparison of Eucalyptus, OpenStack, CloudStack and OpenNebula cloud platforms
and substantiates the selection among these cloud computing software the platforms of the first and the
second choice.

Keywords
Linux, operating systems, virtual online laboratory, private cloud, IaaS

1. Introduction

Most of the Operating Systems (OS) courses include practical assignments on real OSs. In many
cases, these assignments require giving students administrative access to their isolated instance
of the OS. Also, OS courses usually consider Linux OS, although the majority of computers in
university labs, as well as students’ laptops more often come with Windows installation. For
this reason, different virtualization technologies may be used.

Virtual online laboratories became popular for teaching various courses [1] including courses
in OS. However, OS course belongs to the courses with needs that are considerably harder to
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meet than the needs of most of the courses, which usually could be taught using cloud services
of Software as a Service (SaaS) model.

The purpose of the article is to make a survey on cloud platforms applicable for a virtual online
laboratory containing Linux online environments in the Operating Systems course, to compare
these platforms and to select the most suitable platforms.

2. Related work

The available works on cloud platforms for teaching operating systems describe the experience
of using a wide range of tools, including cloud services given by provider and specially tailored
cloud environments adapted for educational needs.

Rajaei and Aldakheel [2] are convinced that the Operating Systems course is among the
courses that benefit from using cloud-based environments the most. The authors suggest
applying Amazon AWS instances to give students the ability to learn how different scheduling
algorithms behave, how virtual memory is managed etc. Gaffar and Hajjdiab [3] describe the
experience of working with processes, threads, pipes and sockets using cloud-based laboratories
(Ubuntu Linux instances on Amazon AWS). Bhatia et al. [4] focuses on the design of cloud for
higher education institution, its proof-of-concept implementation methodology (private cloud,
based on OpenStack platform). The authors also formulate the resource requirement model,
which estimates the amount of resources needed for a specific number of virtual machines (VMs).
Malan [5] describes the experience of moving Harvard College’s introductory computer science
course (CS50) into Amazon Elastic Compute Cloud (Amazon EC2). Markova et al. [6] shows
and analyses the ways of implementation of cloud services, based on SaaS, PaaS (Platform as a
Service) and IaaS models, for teaching courses in mathematics, natural science and information
technologies. The authors also define the most important advantages of those implementations
including the possibility of using modern parallel programming tools as the foundation of cloud
technologies.

3. The survey of cloud computing software for virtual online
laboratory supporting the Operating Systems course

3.1. Previous research

While teaching different university courses in operating systems and computer networking
we have accumulated the experience of using diverse virtualization tools. More details on the
Operating Systems course experience are given in the study [7]. The experience of teaching
Cisco CyberSecurity Operations course is presented in the work [8].

The study [8] describes using a virtual cloud laboratory based on Apache CloudStack and
EVE-NG Community for teaching the CCNA Cyber Operations course at Cisco Networking
Academy. The work shows the design and implementation of the virtual cloud laboratory.
The laboratory provides the opportunity to create the sufficient number of virtual machines,
to change the computing power, to simulate real computer systems, networks and network
topology, to save the virtual machines state between reboots, to combine students’ subnets into
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one virtual network, to work remotely trough a virtual private network, as well as to support
students’ learning and to control their learning outcomes.

As regards courses in operating systems, we have been utilizing different tools over the years,
including Oracle VirtualBox hypervisor, Amazon EC2 t2.micro instances, Cloud 9 IDE, virtual
machine from NDG Linux Essentials [9] course and Webminal online environment as well as
bare-metal Linux installation without virtualization on some of the students’ laptops. To meet
the needs of the course and individual students’ needs several virtualization tools could be
combined according to the methodology for using Unix-like OS virtualization technologies
in training bachelors of Informatics and the varied approach to applying these technologies
[10, 11].

In 2021 we are supporting a two-semester Operating Systems course for students of Computer
Engineering, Cybersecurity, Software Engineering, Computer Science specializations at Zhyto-
myr Polytechnic State University (Ukraine). We currently use VirtualBox and a Docker-based
virtual machine from NDG Linux Essentials online course with intermittently utilizing Amazon
EC2 and various free online environments in cases when the main virtualization tools are not
available.

In the work [7] we analyzed Linux ready-made online virtual environments and made the
comparison of standalone online Unix/Linux terminals in terms of their use for the Operating
Systems course. As a result, list of major features of Linux online environment include the
support of most Linux command (including administrative ones), administrative privileges
for students inside virtual environments, basic networking operations support, the ability to
upload/download files to/from virtual environments (and/or saving virtual environment state
between reboots), guest OS updating and bash-scripting support.

The requirements for Linux online virtual environments for teaching the operating systems
course have been also formulated and include realism, relevancy, availability, stability, scalability
and security [7].

We anticipated facing several challenges when working on Linux online virtual environ-
ments designing and implementation, namely the challenge of a wide choice, the challenge
of implementing, the challenge of network isolation, the challenge of a “playground” and the
challenge of a transition [7].

The next stage of the research is to investigate virtualization technologies suitable for Linux
online environments, including private open-source cloud platforms, and to select applicable
tools. At this stage of the study, we are dealing with the challenge of a wide choice. Different
virtualization tools and platforms are available, so selecting the best suitable set of tools is a
complex task.

3.2. Elaborating the requirements for cloud computing software for virtual
online laboratory in the Operating Systems course

Previously analyzed ready-made Linux online environments included standalone online
Unix/Linux terminals (JSLinux, Copy.sh, Virtual x86, Webminal, Linuxzoo, JS/UIX, Weblinux,
Browsix, CB.VU), online IDEs which include Unix/Linux terminals (Codio, Cloud 9, Codeany-
where, Paiza.io) and full-function Unix/Linux virtual environments in the cloud (Amazon EC2,
Google Cloud Platform, Microsoft Azure) [7].
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Later at least one of the mentioned standalone online Unix/Linux terminals (Webminal)
changed the terms of its availability, so we had to move to other environments as alternative
virtualization tools. This case illustrates the need to select more stable solutions for teaching OS
course. Besides, free utilization of standalone online terminals has serious functional limitation
(i.e., sudo access, networking).

Online IDEs with Unix/Linux terminals are better suited for programming courses while we
need the environment for practising administrating commands.

Full-function Unix/Linux virtual environments in the cloud are given by cloud service
providers according to Infrastructure as a Service (IaaS). They are ready-made and need com-
paratively small resources for setting up and further administrating. These services also give
sudo access in guest OSs, keep virtual environments state between reboots, support virtual
networking and guest OSs updates.

But the usage of these services is usually non-free, need students’ credit card number for
registration and have other limitation.

The other disadvantage of all cloud services given by the provider is that the terms of use
may be changed for both free and paid services. Changes could affect the price, availability,
maximum amount of allocated resources. In the case of Cloud9 IDE the service was initially
offering a free Ubuntu VM, a full-function terminal with sudo access and an IDE for collaborative
programming for all the registered users. But later because of numerous security violations
from these VMs, the provider changed the terms. After the changes, users are able to connect
VMs from other services only.

So, individually designed virtual Linux environments for the Operating Systems course should
provide the students with opportunities close to those given by providers of IaaS cloud services,
but the solution must be more provider independent. Although we still appreciate compatibility
between analyzed cloud computing software and providers’ cloud service platforms.

Eligible virtualization software includes cloud computing software as well as environments
that are not necessarily intended to run in the cloud. An example of the latter is Proxmox VE,
the application of which for teaching the OS administrating is described in the study [12].

However, in the work [7] we marked the need for scalability. With a scalable system, it is
possible to start with a comparatively simple solution and gradually enhance it, adding new
features, larger hardware capacities and meeting the needs of the course, which change over
time. Although some degree of scalability can be reached with a wide range of tools, cloud
platforms were initially designed with scalability in mind. Therefore, in further research, we
will concentrate on cloud platforms.

According to the NIST Definition of Cloud Computing [13] the major cloud deployment models
are the following:

• private cloud (exclusively used by a single organization, but not necessarily owned by
this organization);

• community cloud (exclusively used by a specific community of customers, who belong to
organizations that have shared concerns);

• public cloud (available for the general public, although its using is not necessarily free of
charge);

• hybrid cloud (a composition of two or more different cloud infrastructures).
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As a virtual online laboratory for the Operating Systems course would be used exclusively
by the university, the most suitable cloud deployment model is a private cloud.

Also, understanding that studying product description, documentation analysis and test
installation may not show all the important aspects of the product usage in each particular case,
we decided to select two pieces of cloud computing software, which would be the platform of
the first choice and the platform of the second choice. The platform of the second choice may
be used if any serious and unexpected obstacles will be discovered with the platform of the first
choice.

Taking into account all the above-mentioned factors the requirements for cloud computing
software for virtual online laboratory in the Operating Systems course should be as follows.

The basic requirements for cloud computing software for virtual online laboratory in the Operat-
ing Systems course:

• private cloud deployment model support;
• Linux guest support;
• distribution under free and open-source software licenses;
• virtual networking support;
• web interface for students with ability to create, administrate, delete virtual instances,

and also to establish and configure network connections between these instances;
• detailed documentation;
• integration with authentication protocols (LDAP).

The additional requirements for cloud computing software for virtual online laboratory in the
Operating Systems course:

• simple basic installation for beginners;
• Windows guests support.

3.3. The comparison of free and open-source cloud computing software for
virtual online laboratory in the Operating Systems course

We analyzed four popular cloud computing software available under free and open-source
licenses – Eucalyptus, OpenStack, CloudStack and OpenNebula. The major characteristics
of Eucalyptus, OpenStack, CloudStack and OpenNebula important to this study are given in
table 1.

Eucalyptus. Eucalyptus [14] is an open-source IaaS cloud computing software for building
private and hybrid clouds. The product is developed by Eucalyptus Systems and distributed
under GNU GPL v3 license with community support and an option of paid support. A distinctive
feature of Eucalyptus is its compatibility with Amazon AWS. Eucalyptus uses similar instances
types, tools, virtualization technologies, terminology and supports AWS APIs. Eucalyptus also
has a FastStart solution for beginners. FastStart is intended to be run from CentOS 7.9 minimal
installation and requires few unused IP addresses in the subnet. Eucalyptus supports easy
download of ready-made Linux images (CentOS, CentOS Atomic Host, Fedora, Fedora Core OS,
Ubuntu) from a command line.
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Table 1
The comparison of free and open-source cloud computing software for virtual online laboratory in the
Operating Systems course.

Characteristics Eucalyptus OpenStack CloudStack OpenNebula

Cloud service
model

IaaS IaaS IaaS IaaS

License GNU GPL v3 Apache License 2.0 Apache License 2.0 Apache License 2.0

Cloud deployment
model

private and hybrid
cloud

private, public and
hybrid cloud

private, public and
hybrid cloud

private, public and
hybrid cloud

Based on virtualization
technology

virtual machines
(KVM, Xen,
Vmware hypervisors)

bare-metal virtualization,
virtual machines,
virtual containers
(various virtualization
platforms)

virtual machines
(KVM, Vmware vSphere,
XenServer/XCP,
VirtualBox),
virtual containers (LXC)

virtual machines
(Vmware vCenter,
KVM, VirtualBox),
virtual containers (LXD),
microVMs
(AWS Firecrackers)

Host OS

Cent OS 7.9,
Red Hat Enterprise
Linux 7.9
(both 64-bit)

Windows, Solaris,
Linux OSs and
Vmware ESXi hypervisor

Linux, Windows
Linux
(including Cent OS
and Ubuntu)

Guest OS

all guests
supported by
the basic
virtualization
software

all guests
supported by
the basic virtualization
software

Linux, Windows

all guests
supported by
the basic virtualization
software

Name of guest OS
environment

instances,
virtual machines

instances,
virtual machines,
virtual containers
(depending on
basic virtualization
software)

instances,
virtual machines,
virtual containers
(depending on
basic virtualization
software)

instances,
virtual machines,
virtual containers, microVMs
(depending on basic
virtualization software)

Interface for
administrator

web-based console
and administration
CLI

web-based UI (Horizon)
wed-based UI
(CloudStack UI)

Sunstone GUI,
FireEdge GUI,
CLI

Interface for guest OS
access

web-based console,
Euca2ools,
AWS CLI

Horizon,
OpenStackClient

wed-based UI
(CloudStack UI)

Sunstone GUI,
CLI

Virtual networking AWS VPC neutron
AWS-style networking,
Nicira NVP

Linux bridge networks,
802.1Q networks,
VXLAN networks,
OpenvSwitch networks

Integration with
LDAP

yes yes yes yes

Eucalyptus contains an administration CLI, a web-based console for instances management
(figure 1), and supports command line tools for connection to instances, which currently are
Euca2ools (Cent OS, RHEL, Mac OS X hosts) [15] and AWS CLI (Linux, Windows, macOS hosts
and Docker) [16].

System requirements for Eucalyptus include Intel / AMD CPU with 4 cores 2 GHz each,
minimum 16 RAM for each virtual machine, minimum 100 Gb of storage on each host, but
recommends 200 Gb on Node Controller host running Linux virtual machines, 500 Gb on Storage
Controller hosts and 500 Gb on Walrus object storage gateway as well (if used). Machines that
host components (except Cloud Controller and Node Controller) must support UDP multicast
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Figure 1: Eucalyptus dashboard [17].

for IP address 239.193.7.3. All services must be installed on physical machines, not virtual [14].
OpenStack. OpenStack is a free and open-source cloud computing platform with a focus

on open standards. OpenStack was founded and initially developed by Rackspace Hosting and
NASA (the influence of the latter is particularly notable in the names of components). Currently,
the platform is managed by OpenStack Foundation, which is a non-profit organization.

The developers of OpenStack call it a cloud operating system [18]. The platform is compliant
with many tools, operating systems and technologies. OpenStack uses Apache License 2.0.

OpenStack comes with Horizon Web UI (figure 2), OpenStack SDK, and also supports third-
party tools like Kubernetes, CloudFoundry, Terraform.

It works with a wide range of hosts, including Windows, Solaris, Linux OSs and Vmware
ESXi hypervisor. Supported Linux hosts include Cent OS, Debian, Fedora, openSUSE, RHEL,
Ubuntu and other distributions [20].

For new users the Training Labs scripts are available, providing an automated deployment
of the cluster using VirtualBox or KVM VMs, hosted on a desktop PC or a laptop with Linux,
MacOS or Windows OS, minimum 8 Gb RAM and 20 GB of free storage [21].

System requirements for OpenStack vary greatly because of the high flexibility of the platform
and depend on the objective of building the cloud, the components selected and other factors.

For example, Ubuntu OpenStack installation could be deployed according to three main
scenarios: single-node deployment, multi-node deployment and data-centre cluster deployment.
Depending on the scenario, OpenStack minimally requires 1 physical host with 16 GB RAM,
multi-core CPU and 50 GB of free disk space (for single-node deployment); 2 physical hosts each
with 16 GB RAM, multi-core CPUs and 50 Gb of free disk space (for multi-node deployment);
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Figure 2: OpenStack dashboard [19].

6 physical servers each with 8 Gb RAM, IPMI BMCs, dual NICs, support of HA architectures,
network switch and Internet gateway (for data centre cluster deployment) [22].

It also should be noted that minimal deployment for the Wallaby series (released in June 2021)
consists of Keystone identity service, Glance image service, Placement service, Nova compute
service, Neutron networking service and will be most likely also include Horizon dashboard
and Cinder block storage service [23].
CloudStack. CloudStack [24] has been initially developed by Cloud.com (purchased by

Citrix). Further development is currently being implemented by the Apache Foundation.
CloudStack is an open-source IaaS cloud software designed for large networks, but applicable

to smaller networks as well. It is distributed under Apache License 2.0.
CloudStack supports Amazon AWS APIs and Open Cloud Computing Interface [25]. A

web-based UI (CloudStack UI) is available (figure 3).
Minimal system requirements for CloudStack management server, database and storage

include 64-bit x86 CPU, 4 GB RAM, 250 GB of free storage (500 GB recommended), 1 NIC, static
IP address and fully qualified domain name at each physical host. The management server may
be installed on a virtual machine. Hosts, where hypervisors and virtual machines would run,
must support Intel-VT or AMD-V hardware-assisted virtualization, have 64-bit x86 CPU, 4 GB
RAM, 36 GB of free storage, 1 NIC [26].

OpenNebula. OpenNebula [27] is an open-source IaaS platform to build and manage enter-
prise clouds. Is developed by OpenNebula Systems and OpenNebula community, distributed
under Apache License version 2.

OpenNebula is supported by its community, although a paid subscription for enterprise usage
is also available (OpenNebula EE).
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Figure 3: Apache CloudStack dashboard [25].

OpenNebula supports integration with Amazon AWS and Microsoft Azure. The product
contains built-in UIs (Sunstone GUI, FireEdge GUI) and also works with third-party tools,
including Terraform, Kubernetes, Ansible and Docker [28]. The Sunstone GUI is shown on
figure 4.

For new users, the miniONE tool is provided. This tool helps to deploy OpenNebula cloud
based on KVM virtual machines, it also installs and configures all necessary components to
manage and run the virtual machines. System requirements for OpenNebula miniONE include
a physical or virtual server with 4 GiB RAM, 20 GiB of free storage and open ports for SSH (22),
Sunstone (80) and FireEDGE (2616) [29].

All the analyzed platforms have detailed online documentation with manuals and step-by-step
instructions is available.

Bedi et al. [30] after giving a comparison of Eucalyptus, OpenStack, CloudStack and Open-
Nebula cloud platforms arrived at the conclusion that despite all the listed systems could be
successfully used for cloud deployment, OpenStack and Eucalyptus are more suitable for in-
frastructure provisioning, while CloudStack and OpenNebula would show better results on
datacentre virtualization.

Taking into account all mentioned above, we have come to a conclusion to select the Open-
Stack cloud platform as the platform of the first choice because of its high flexibility and
conformance with open standards. OpenStack also provides Training Labs scripts, which would
be particularly useful at the early stage of the virtual laboratory implementation and may be
also applied for students’ extra-curricular and scientific work.

The other three platforms (Eucalyptus, CloudStack and OpenNebula) also look promising
and meet most of the requirements. These platforms have been selected as platforms of second
choice.
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Figure 4: OpenNebula dashboard [27].

4. Conclusions

The work has made the survey on cloud platforms applicable for a virtual online laboratory
containing Linux online environments to support the Operating Systems course.

Related works on cloud platforms for teaching operating systems describe the experience of
using tools based on different technologies, namely cloud services given by provider (Amazon
AWS) and specially tailored cloud environments adapted for educational needs (OpenStack,
CloudStack).

The study gives a brief review of the previous research of virtualization tools and environ-
ments. The basic requirements for cloud computing software for virtual online laboratory
supporting the Operating Systems course have been elaborated and include private cloud de-
ployment model support; Linux guest support; distribution under free and open-source software
licenses; virtual networking support; web interface for students with the ability to create, admin-
istrate, delete virtual instances, and also to establish and configure network connections between
these instances; detailed documentation; integration with authentication protocols (LDAP). The
additional requirements include simple basic installation for beginners and Windows guests
support.

The work provides a comparison of four popular cloud computing software available under
free and open-source licenses (Eucalyptus, OpenStack, CloudStack and OpenNebula).

The study concluded to select OpenStack cloud platform as the platform of the first choice
because of flexibility, open standards support and providing Training Labs scripts that could
be used for experiments and students’ extra-curricular work. Considering that Eucalyptus,
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CloudStack and OpenNebula cloud platforms also meet most of the requirements, these platforms
have been selected as platforms of the second choice.

Future studies should focus on developing the model of a virtual online laboratory for sup-
porting the Operating Systems course and pilot empirical research of selected cloud platforms.
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Abstract
The article defines the criteria for choosing a cloud-based platform for mastering the basics of quantum
informatics by students of a specialized (high) schools: cross-browser; intuitive interface; the possibility
of free access; access without registration and simplified registration; the presence of a systematized ref-
erence system with examples; support for the development of the environment by the developer; support
for working in a personal educational environment; support for working with quantum algorithms in
graphical mode; automatic conversion of quantum algorithms from graphic format to program code text;
support for the Ukrainian-language localization; availability of a mobile application; responsive design.
The possibilities of platforms for implementing quantum algorithms from the following companies
are analyzed: Microsoft, QuTech, Amazon Braket, IBM. The choice of the IBM Quantum cloud-based
platform is justified. Work at IBM Quantum Composer and IBM Quantum Lab is described. Information
about quantum operations and gates is presented: their designation in IBM Quantum Composer and
IBM Quantum Lab, the gate matrix, and the purpose of the gate. An example of implementing quantum
teleportation in the form of a circuit and program is given.

Keywords
quantum calculations, quantum computer, quantum circuit, quantum algorithm, IBM Quantum Lab, IBM
Quantum Composer, Python, Jupyter Notebook

1. Introduction

The study of the subject content lines of the school computer science course, namely, ”Informa-
tion Technologies for creating and processing information objects”, ”Modeling, algorithmization
and programming”, ”Telecommunication technologies”, is carried out with the support of
appropriate hardware and software (in particular, Internet services).

With the experimental introduction of quantum informatics issues into the school course
[1, 2] we can say about the problem of appropriate and pedagogically balanced expert selection
of hardware and software tools to support studying, taking into account many criteria.
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2. Criteria for selecting hardware and software tools to support
the study of informatics and telecommunication technologies
in secondary education schools

The teacher’s use of various types of hardware and software in the informatics curriculum [3]
is not limited, provided that it complies with the requirements of current legislation [4, 5, 6, 7].
Also, the program does not specify universal criteria for their selection. Nevertheless, there are
the author’s systems of criteria for selecting hardware and software tools to support the study
of informatics.

Yatsenko and Yatsenko [8, p. 107] propose the following criteria for selecting software:

• criteria related to the capabilities of the programming language:

– support for writing mathematical expressions in mathematical form;
– calculation model used (data flow / control flow);
– support for algorithmic constructs;

• criteria related to the possibility of using the environment at the initial stage of learning
programming languages:

– simplicity, modernity and visual appeal of the interface;
– availability of methodological manuals;
– Ukrainian-language interface;
– cost (free / paid);

• criteria related to technological aspects of the environment:

– cross-platform;
– supporting popular robotic constructors;
– license (proprietary or open);
– supporting and developing the environment.

Shevchuk [9, p. 31] considers the programming environment as a learning tool to be important
characteristics: prevalence, availability, interface features, implementation method, system
requirements, methodological support, and user-friendly and intuitive interface.

Bazurin [10, p. 15] notes that the choice of a programming environment for use in the process
of learning a programming language is influenced by the following conditions:

• computer specifications and system requirements of the programming environment;
• availability of operating systems and additional software required for the operation of

the software environment;
• software environment functionality;
• software environment interface;
• availability of documentation for the software environment;
• availability of educational and methodological support;
• level of competence of an informatics teacher.
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Vakaliuk [11, p. 156] outlines the following characteristics that should meet the cloud-based
environment: accessibility and mobility; openness; integrity and continuity; efficiency; regu-
larity; consistency and structure; innovation; integration with cloud-based resources; clarity;
functionality; collectivity; ensuring project activities; scientificity; reliability; communication;
flexibility and adaptability; individualization; fullness; convenience; expediency.

Vorozhbyt [12, p. 29] identifies the following criteria for the use of web-based technologies
to create learning content:

• the cost of developing;
• flexibility of use;
• feedback from students;
• clarity of presentation of educational material;
• pedagogical control of knowledge, motivation to study;
• the ability to use multimedia dynamic content;
• educational activities of students;
• cooperation of teachers and students, students with each other.

When choosing a cloud-based platform for mastering the basics of quantum informatics by
students of a specialized (high) schools, we took into account the following criteria:

• cross-browser capability;
• intuitive interface;
• possibility of free (unpaid) access;
• simplified registration;
• availability of a systematic help system with examples;
• support for the development of the environment by the developer;
• support for working in a personal educational environment;
• support for working with quantum algorithms in graphical mode;
• automatic conversion of quantum algorithms from graphic format to program code text;
• support for Ukrainian localization;
• availability of the mobile application;
• responsive design.

3. Cloud-based platforms for implementing quantum algorithms

The choice of a cloud-based platform to support the study of the basics of quantum informatics
by students of specialized (high) schools was preceded by an analysis of possible platforms for
implementing quantum algorithms from Microsoft, QuTech, Amazon Braket, IBM, and other
(Alibaba, Google, Intel, D-Wave Systems, Quantum Circuits, IonQ, Honeywell, Xanadu, and
Rigetti).

Microsoft via the Azure Quantum cloud-based platform for quantum computing (figure 1)
allows visitors to learn how to use the Quantum Development Kit to create applications for
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Figure 1: Home page of a cloud-based platform for Azure Quantum computing [13].

quantum equipment in the Q# language. Microsoft does not have its own quantum computer
but provides access to Honeywell Quantum Solutions, IonQ, and 1QBit quantum equipment.

The Dutch company QuTech, through a cloud-based platform for Quantum Computing
Quantum Inspire, provides free access without registration to educational materials and a
quantum simulator, and for registered users – to quantum chips (figure 2).

Online quantum computing service Amazon Braket (figure 3) provides access to quantum
equipment for companies D-Wave, IonQ and Rigetti.

IBM was the first to provide cloud access to its own quantum equipment (2016), and now, in
our opinion, Quantum Composer and Quantum Lab from IBM provide the greatest opportunities
for free use of quantum computers [16].

IIBM quantum simulators run on computers of classical architecture and allow you to simulate
the execution of quantum algorithms and calculations. Quantum simulators work faster, so it is
recommended that you first test your quantum algorithm on the simulator [18]. At the time of
accessing the IBM quantum simulator resource, available for research were simulators from 32
to 5000 qubits (see Table 1).
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Figure 2: Fragment of the page of a cloud-based platform for quantum computing Quantum Inspire
[14].

IBM provides open (free) access to real quantum computers from 1 to 32 qubits (see Table 2).
IBM quantum computers with more qubits are available to users on additional terms. The larger
the “quantum volume”, the larger the circuit can be implemented on its qubits.

4. IBM Quantum as a leading cloud-based platform for quantum
computing

IBM Quantum provides the ability to create quantum circuits in the IBM Quantum Composer
and to write quantum computer programs in QASM and Python in the IBM Quantum Lab.

4.1. IBM Quantum Composer

IBM Quantum Composer is the simplest set of IBM Quantum tools for creating and graphically
visualizing quantum algorithms and then running them on quantum simulators or real IBM
quantum computers. In figure 5 shows:

1 – sidebar provides access to your own files, tasks, or documentation. You can open or close
the sidebar by clicking the icon on the tab;

2 – menu bar is used to create a new circuit, manage and save circuits, customize the workspace,
get help, and more;

3 – account login area and parameter settings for running the quantum circuit;
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Figure 3: Fragment of the page of a cloud-based platform for quantum computing Amazon Braket [15].

Figure 4: The main page of cloud-based platform for quantum calculation IBM Quantum [17].

4 – quantum gates and the operation panel are the building blocks of quantum circuits. Different
types of gates are grouped by color: classic gates are dark blue, phase gates are light blue,
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Table 1
Key features of IBM quantum simulators.

Name of the IBM
Qubits Basis gates

quantum simulator

simulator_stabilizer 5000 ID, X, Y, Z, H, S, SDG, SX, SWAP, CX, CY, CZ,
DELAY

simulator_mps 100 U1, U2, U3, U, P, CP, CX, CZ, ID, X, Y, Z, H, S,
SDG, SX, T, TDG, SWAP, CCX,
UNITARY, ROERROR, DELAY

simulator_extended_stabilizer 63 ID, X, Y, Z, H, S, SDG, SX, SWAP, CX, CZ,DELAY,
P, CCX, U1, CCZ, T, TDG

simulator_statevector 32 U1, U2, U3, U, P, R, RX, RY, RZ, ID, X, Y, Z, H, S,
SDG, SX, T, TDG, SWAP, CX, CY, CZ, CSX, CP,
CU1, CU2, CU3, RXX, RYY, RZZ, RZX, CCX,
CSWAP, MCX, MCY, MCZ, MCSX, MCP,
MCU1, MCU2, MCU3, MCRX, MCRY,
MCRZ, MCR, MCSWAP, UNITARY, DIAGOAL,
MULTIPLEXER, INITIALIZE, KRAUS,
ROERROR, DELAY

ibmq_qasm_simulator 32 U1, U2, U3, U, P, R, RX, RY, RZ, ID, X, Y, Z, H, S,
SDG, SX, T, TDG, SWAP, CX, CY, CZ, CSX, CP,
CU1, CU2, CU3, RXX, RYY, RZZ, RZX, CCX,
CSWAP, MCX, MCY, MCZ, MCSX, MCP, MCU1,
MCU2, MCU3, MCRX, MCRY, MCRZ, MCR,
MCSWAP, UNITARY, DIAGONAL, MULTIPLEXER,
INITIALIZE, KRAUS, ROERROR, DELAY

and non-unitary operations are gray. The button with three dots allows you to open the
directory of quantum operations and gates, get help with the use of hotkeys, minimize
the panel of quantum operations to one row, save the created quantum circuit as a file in
different formats (pdf, svg, png);

5 – graphical circuit editor. Adding operations to be performed on cubes is performed by simply
dragging the gate to the area of the graphical quantum circuit editor;

6 – code editor allows you to view and copy automatically generated OpenQASM or Qiskit
code for use in other applications;

7 – phase disks represent the phase vector of the qubit state on the complex plane defined by a
radial line that rotates counter clockwise;

8 – visualizations of the state of qubits modelling the created circuit in the process of construc-
tion.

Elements are presented in Table 3:

• gate H, or Hadamard gate, required to transfer the qubit to the state of superposition;
• Pauli X gate is equivalent to a bitwise negation;
• CNOT gate, also known as the controlled negation gate (CX), acts on a pair of qubits, one

of which acts as a control and the other as a target. It executes an negation on the target
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Table 2
The main characteristics of IBM quantum computers.

IBM quantum computer Qubits Quantum volume Basis gates Free access

ibmq_16_melbourne 15 8 CX, ID, RZ, SX, X Yes
ibmq_5_yorktown 5 8 CX, ID, RZ, SX, X Yes

ibmq_armonk 1 1 ID, RZ, SX, X Yes
ibmq_athens 5 32 CX, ID, RZ, SX, X Yes
ibmq_belem 5 16 CX, ID, RZ, SX, X Yes
ibmq_bogota 5 32 CX, ID, RZ, SX, X Yes

ibmq_brooklyn 65 32 CX, ID, RZ, SX, X No
ibmq_cairo 27 64 CX, ID, RZ, SX, X No

ibmq_casablanca 7 32 CX, ID, RZ, SX, X No
ibmq_dublin 27 64 CX, ID, RZ, SX, X No

ibmq_guadalupe 16 32 CX, ID, RZ, SX, X No
ibmq_hanoi 27 64 CX, ID, RZ, SX, X No

ibmq_jakarta 7 16 CX, ID, RZ, SX, X No
ibmq_kolkata 27 128 CX, ID, RZ, SX, X No
ibmq_lagos 7 32 CX, ID, RZ, SX, X No
ibmq_lima 5 8 CX, ID, RZ, SX, X Yes

ibmq_manhattan 65 32 CX, ID, RZ, SX, X No
ibmq_manila 5 32 CX, ID, RZ, SX, X Yes

ibmq_montreal 27 128 CX, ID, RZ, SX, X No
ibmq_mumbai 27 128 CX, ID, RZ, SX, X No
ibmq_nairobi 7 32 CX, ID, RZ, SX, X No
ibmq_paris 27 32 CX, ID, RZ, SX, X No

ibmq_peekskill 27 – CX, ID, RZ, SX, X No
ibmq_quito 5 16 CX, ID, RZ, SX, X Yes
ibmq_rome 5 32 CX, ID, RZ, SX, X No

ibmq_santiago 5 32 CX, ID, RZ, SX, X Yes
ibmq_sydney 27 32 CX, ID, RZ, SX, X No
ibmq_toronto 27 32 CX, ID, RZ, SX, X No

qubit each time the control is in a state |1⟩. If the control qubit is in superposition, this
gate creates entanglement;

• gate Z changes the sign of the qubit;
• qubit measurement is an irreversible operation that changes the state of the qubit. The

measurement result is a traditional bit;
• barrier is useful for visualizing quantum circuits.

IBM Quantum Composer allows you to visualize the circuit of quantum operations and the
result in the form of probabilities, the output statevector, graphically on Q-sphere, as well as
view the description of the created circuit on the QASM 2.0 or Qiskit quantum assembler with
the ability to open the code of the IBM Quantum Lab. Viewing the created circuit in inspector
mode allows simultaneous step-by-step viewing of the state of changes in qubits both on the
graphical diagram and in the QASM quantum assembler window. IBM Quantum Composer
allows you to choose a cloud-based quantum device on which the constructed quantum circuit
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Figure 5: IBM Quantum Composer.

Table 3
Some notations used in IBM Quantum Composer.

Circuit
element

Notation
in Quantum Composer

Example of use
in IBM Quantum Lab

Matrix
representation

H gate circuit.h(qreg) 𝐻 =
1
√
2

(︂
1 1
1 −1

)︂
X gate circuit.x(qreg) 𝑋 =

(︂
0 1
1 0

)︂

CNOT gate circuit.cx(qreg) 𝐶𝑋 =

⎛⎜⎜⎝
1 0 0 0
0 0 0 1
0 0 1 0
0 1 0 0

⎞⎟⎟⎠
Z gate circuit.z(qreg) 𝑍 =

(︂
1 0
0 −1

)︂
Measurement circuit.measure(qreg, creg)

Barrier operation circuit.barrier

will be calculated. The quantum circuit is read from left to right.
Working with IBM Quantum Composer with access without registration requires using only

the simulator.
To take advantage of the great features of IBM Quantum Composer, to be able to choose a

simulator, run the circuit on a real quantum hardware, you need to log in with one of your
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accounts (Google, GitHub, Twitter, LinkedIn, Fraunhofer or email) or get an IBM account to
access trial versions, demos, starter kits, services and APIs. Organizations within the IBM
Quantum Network can access the latest quantum computing systems and development tools
after submitting and reviewing an electronic application [19].

4.2. IBM Quantum Lab

IBM Quantum Lab is available in any standard browser for viewing quantum circuits, textual
explanations to them, and visualizing them, provided that they are authorized (for example, via
a Google account). In IBM Quantum Lab, you can create a new program for quantum hardware
or open a circuit that was previously built in IBM Quantum Composer through the code editor.
The IBM Quantum Lab interface will be familiar to those users who have experience with
Python Notebook or Jupyter Notebook (figure 6).

Figure 6: IBM Quantum Lab interface.

A command line is launched using the usual Jupyter Notebook keys: the button “Run” or
the key combination Shift + Enter. While constructing a program for quantum equipment, you
have to specify the required number of qubits and classical bits (by default, each qubit is set to
zero initial state). Then you should add gates (operations) to manipulate them and output the
result, or add any way to visualize the constructed quantum circuit.
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We will demonstrate the possibilities of implementing quantum algorithms on the platform
using the example of the quantum teleportation algorithm. Quantum teleportation is the transfer
of quantum states from one qubit to another. Quantum teleportation is not the transport or
any physical movement of a qubit from one location to another. In quantum mechanics, the
clone (copy) negation theorem applies [20, p. 89]. When copying while working on quantum
equipment, an implicit measurement occurs that destroys the current quantum state. To solve
this problem, we use quantum entanglement. For qubits to be entangled, they have to interact
with each other. Measuring the state of one entangled qubit results in an instantaneous transition
to the corresponding state of another entangled qubit.

Here is a verbal description of the quantum teleportation algorithm, the graphical description
of which is carried out using the IBM Quantum Composer service and is shown in figure 7:

1) using the Not operation, we will convert the zero qubit to state 1, and leave the first and
second qubits in the primary zero states. (Note. This action should be in the example so that
we don’t pass a NULL value, in fact, the null qubit will contain the value that needs to be
teleported);

2) let’s convert the first qubit to a superposition by H gate;
3) let’s entanglement the first and second qubits with a CNOT gate (where the first is the

control one, and the second is the target one. If the control (first) qubit is in state 1, then the
target (second) is inverted by the CNOT gate);

4) similarly we entanglement the zero and first qubits;
5) convert a zero qubit to a superposition (using H gate);
6) we measure the states of the zero and first qubits (Measurement operation). The measurement

results are stored in two classical bits transmitted by a classical connection;
7) on the side where the state of the zero qubit is passed, there is a second qubit, to which we

apply the gates X and Z (in the sequence X or Z, it does not matter what will be the first), as
a result, we get the value of the zero qubit in the second qubit;

8) we measure the value of the second qubit.

For step-by-step tracking of the execution of the compiled circuit, you can use the Inspect
command (figure 8).

The teleportation result can be seen on the phase disks and the lower part of the Quantum
Composer window in state vector, probabilities and Q-sphere.

Let’s analyze the appearance of Phase disks after constructing and running a quantum circuit
(figure 7):

• for a zero qubit, the phase disk is unpainted, so it is in the state |0⟩;
• for the first and second qubits, the phase disk is completely painted over, so it is in the
|1⟩ state.

Consider visualizing the result in Statevector and Q-sphere modes, reading from right to
left – 011. Three positions of the resulting binary number indicate that the last qubit has a value
of 1. Q-sphere, which can be rotated, relates the calculated value of each qubit of the quantum
circuit to a point on the surface of the sphere.
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Figure 7: The circuit of the quantum teleportation algorithm for IBM Quantum Composer.

To visualize completed qubit operations in Qiskit Jupyter Notebook, you can use code
%matplotlib inline and use draw – QantumCircuite.draw() – and as a circuit
QantumCircuite.draw(output=’mpl’).

To complete the circuit, configure the simulator. Qasm_simulator is an element of Aer in
Qiskit – simulator = Aer.get_backend(’qasm_simulator’).

The results of the circuit performed on the simulator are stored in the corresponding variable.
Then they can be displayed as a histogram:

from qiskit.visualization import plot_histogram
plot_histogram(result.get_counts(circuit))

Executing the circuit on a quantum computer requires using IBM account. To do this run the
following commands:

IBMQ.load_account();
provider = IBM.get_provider(hub=$’ibm-q’$)

Next, you need to choose a quantum computer from those that are available at this time, for
example, qcomp = provider.get_backend(’ibmq_16_melbourn’).

Using IBM Quantum Composer we will open a description of the created circuit in Python:
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Figure 8: Illustration of step-by-step execution of the diagram via Inspect.

import numpy as np
# Importing standard Qiskit libraries
from qiskit import QuantumCircuit, transpile, Aer, IBMQ
from qiskit.tools.jupyter import *
from qiskit.visualization import *
from ibm_quantum_widgets import *

# Loading your IBM Quantum account(s)
provider = IBMQ.load_account()
from qiskit import QuantumRegister, ClassicalRegister, QuantumCircuit
from numpy import pi

qreg_q = QuantumRegister(3, ’q’)
creg_c = ClassicalRegister(3, ’c’)
circuit = QuantumCircuit(qreg_q, creg_c)

circuit.x(qreg_q[0])
circuit.barrier(qreg_q[0], qreg_q[1], qreg_q[2])
circuit.h(qreg_q[1])
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Figure 9: Illustration of performing completed operations with qubits in Qiskit Jupyter Notebook.

circuit.cx(qreg_q[1], qreg_q[2])
circuit.barrier(qreg_q[1], qreg_q[0], qreg_q[2])
circuit.cx(qreg_q[0], qreg_q[1])
circuit.h(qreg_q[0])
circuit.barrier(qreg_q[0], qreg_q[1], qreg_q[2])
circuit.measure(qreg_q[0], creg_c[0])
circuit.measure(qreg_q[1], creg_c[1])
circuit.barrier(qreg_q[1], qreg_q[0], qreg_q[2])
circuit.cx(qreg_q[1], qreg_q[2])
circuit.cz(qreg_q[0], qreg_q[2])
circuit.barrier(qreg_q[1], qreg_q[0], qreg_q[2])
circuit.measure(qreg_q[2], creg_c[2])

editor = CircuitComposer(circuit=circuit)
editor

Changes can be made to the above code, and a diagram can be added at intermediate stages,
for example, after each gate barrier:
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editor = CircuitComposer(circuit=circuit)
editor

Taking into account the formulated and illustrated capabilities of the IBM Quantum cloud-
based quantum computing platform, in particular, the IBM Quantum Composer and IBM
Quantum Lab services, as well as the results of comparing the capabilities of analog platforms
according to the constructed system of criteria (Table 4), it was found that this platform is
the most acceptable in support of mastering the basics of quantum informatics by students
of specialized (high) schools. First of all, because this platform has free access, is constantly
being improved by the developer, and provides the ability to implement quantum algorithms
graphically with synchronous conversion to program code (in QASM mode – quantum assembler
or Qiskit with support for Python 3.6 and higher).

Table 4
Compliance with the criteria for the main characteristics of cloud-based platforms for the implementation
of quantum computing.

Criterion (characteristic) Microsoft QuTech Amazon Braket IBM

cross-browser capability + + + +
intuitive interface + + + +

access without registration
and simplified registration

identification
by phone number

or bank card
+

identification
by phone number,

address
+

possibility of free access + + + +
availability of
a systematic help system
with examples

- + - +

support for the development
of the environmen
t by the developer

+ + + +

support for working
in a personal educational
environment

? + ? +

support for working
with quantum algorithms
in graphical mode

? - ? +

automatic conversion
of quantum algorithms
from graphic format
to program code text

? - ? +

support
for Ukrainian-language
localization

- - - -

availability
of the mobile app

- - - -

responsive design + + + -
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Currently, the lack of Ukrainian localization of the IBM Quantum interface is not a significant
problem for students in grades 10-11. With such an organization of training, it is natural to
develop their key multilingual competence. Due to the rapid development of the IBM Quantum
platform, we can hope for the emergence of responsive design and a mobile application.

5. Conclusions

So, based on the outlined criteria for selecting a cloud-based platform for mastering the basics
of quantum informatics in general secondary education institutions, analysing the possibility of
platforms for implementing quantum algorithms of leading companies, a cloud-based platform
IBM Quantum that meets certain criteria in the best way for studying the basics of quantum
informatics have been determined.

At the moment, the experimental implementation of educational and methodological materials
on the basics of quantum programming in the educational process of a specialized (high) schools
has been completed, and the results obtained are being processed.
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Abstract
The article reveals and interprets the key features of project-based learning based on cloud-based
services: social activity; convenient communication in a team during the project implementation and at
the resulting stage; open educational space; self-learning and self-improvement; use of interdisciplinary
links to combine students of different years of study (1–4 degrees of the first (bachelor’s) level and students
of the second master’s level) to joint research teams to study through research; purposeful motivation
of cognitive and research activity of students within the discipline with the use of interdisciplinary
connections; formation of digital literacy of students. The advantages and disadvantages of the Yammer
cloud service are presented and a comparative analysis of this service with similar cloud services
is performed. Examples of using Yammer in professional project activity are given. The stages of
using project methods using the small group method are analyzed and detailed: initiation; planning;
conducting/implementation; presentation; assessment/defense.

Keywords
cloud service, Yammer, corporate social network, project teaching methods

1. Introduction

One of the important tasks of modern university education is to improve the quality of profes-
sional student’s training. This encourages teachers to update the content, forms, and methods of
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teaching to increase student motivation, ensuring the implementation of the principle of practice
orientation. Project-based learning or project-based learning technologies are becoming increas-
ingly popular among modern teaching methods [1, 2]. These are educational technologies aimed
at acquiring knowledge in close connection with real-life practice, the formation of relevant
skills and abilities through the systematic organization of problem-oriented learning. A charac-
teristic feature of project-based learning is that problems must be meaningful to students, in
fact, become their own problems. In addition, as noted by Barron and Darling-Hammond [3],
students not only work in groups to solve real-life problems but also learn to feel responsible
for the work done. Teachers play the role of coaches and facilitators. In today’s conditions,
characterized by the dynamic introduction of distance education, there is a significant question
of organization and implementation of project-based learning methods. Therefore, the study of
the possibilities of digital tools and services to address this issue is relevant.

2. The objective of research

In the works of Berezhna et al. [4], Glazunova et al. [5], Gryshchenko et al. [6], Horbatiuk et al.
[7, 8], Iatsyshyn et al. [9], Pavlenko and Pavlenko [10], Podlasyi [11], Valko et al. [12], Vlasenko
et al. [13], the advantages of using project method in the educational process, historical aspects
of the formation of project-based teaching methods are highlighted. Thus, Dzyabenko et al.
[14] notes that the project method is a way to achieve a didactic goal through the detailed
elaboration of the problem (technology), which should end with a real practical result, designed
in one way or another; a set of techniques, actions in a certain sequence to achieve the task
- solving a problem that is personally significant for students and designed as a certain final
product. The scientific developments of foreign scientists deserve attention. So, Blumenfeld
et al. [15] found that the project method has the potential for learning, analyzed how it affects
student motivation, identified difficulties that students and teachers may face in the process of
working on projects. Tseng et al. [16] proved that combining project-based learning methods
with STEM can increase effectiveness, generate meaningful learning, and influence student
attitudes in future career pursuit. Kokotsaki et al. [17] proved that modern digital technology,
group processes of high quality, teachers’ ability to effectively scaffold students’ learning and
provide guidance and support, the balance between didactic instruction with in-depth inquiry
methods and well-aligned assessment have been identified in the literature as facilitating factors
in the implementation of PBL. In addition, it is worth noting results of researches in which
theoretical and methodical bases of project teaching methods realization are revealed, among
them Ayas and Zeniuk [18], Macias-Guarasa et al. [19], DeFillippi [20].

Theoretical and methodological principles of education informatization are presented in the
works of Bykov [21], Fedorenko et al. [22], Holiver et al. [23], Pochtovyuk et al. [24], Smyrnova-
Trybulska et al. [25], Velychko et al. [26]. Of particular interest in the issues of our article are
studies on the use of social networking service in the educational process.

Thus, in the previous work of the authors of this article, the ways of organization of control
and analysis of students of higher education institutions success by means of social services
and social networks are considered; the advantages and disadvantages of using existing means
of social services and social networks in conducting various types of control are analyzed;
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examples of social services use of Instagram, Google Forms, Kahoot and English-language
services Quizalize and Nearpod [27]. In works [28, 29, 30, 31, 32, 33] examples of the use of
social networks for implementing the educational process, including social network Yammer [34]
are given. The negative consequences of excessive use of social networks are given [35].

The purpose of the article is to reveal the possibilities of the cloud service Yammer for imple-
menting project teaching methods in the process of professional training of students.

This purpose is specified in the following tasks:

• to find out the attitude of lecturers to the use of project-based teaching methods, in
particular with the help of cloud services;

• to outline the specifics of the corporate social network Yammer as a cloud service;
• to give a comparative description of the Yammer social network on the example of the

online service Keepteam and messengers;
• to reveal practical and methodical aspects of using the Yammer network for implementing

project-based learning methods.

3. Research methodology

The following methods were used in the research process: analysis of scientific and pedagogical
literature on the selection of features, stages of project teaching methods implementation in the
educational process; analysis of online resources, methodological literature on generalizing the
possibilities of social networks for the realization of project-based learning methods at different
stages of implementation; study and generalization of pedagogical experience in the use of
social networks in education; survey of university teachers in order to identify the problem area
of the study. The survey of teachers of Borys Grinchenko Kyiv University was conducted during
May 2021, the experimental project activity of students was carried out during March–June
2021.

4. Results and discussion

In May 2021, we conducted a survey of 25 experts — teachers of Borys Grinchenko Kyiv
University, who have experience in using project-based teaching methods. The survey was
conducted to find out the attitude of lecturers to the use of project-based teaching methods,
in particular through cloud services. We did not aim to reconcile the respondents’ opinions.
It was more important to outline the main areas that make up the problem ares of research.
Respondents were asked to answer the following questions:

1. Indicate the main advantages of project-based learning methods.
2. Do you have the necessary knowledge to implement project-based learning methods in

distance education?
3. Do you have experience in implementing project-based learning methods using cloud

services? If so, what problems do you face?

As a result, we have identified the main features of project-based learning:
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• social activity that takes place within groups of students;
• the opportunity to use not only knowledge of academic disciplines, but also to learn to

negotiate, make joint decisions, be responsible in accordance with the role in the training
team, interpret the results of their activities;

• open educational space in which students move at their own pace;
• students’ need for self-study and self-improvement;
• the possibility of attracting students of different courses; for junior students, it is better to

use creative, game and practice-oriented types of projects; for senior students, it is more
expedient to use research types of projects that are more complex and close to the real
scientific research of the master;

• increasing the level of students’ interest in a particular discipline (research area);
• improving students’ skills to navigate in the information space;
• the need to get out of narrow specialization and integrate knowledge from different

disciplines, etc.

In addition, our own experience of using project methods, using the method of small groups,
made it possible to highlight their stages of implementation:

1) initiation (choice of topic and selection of ideas);
2) planning (modeling of realization algorithm of the future project);
3) conducting/implementation (practical implementation of the project plan: search and pro-

cessing of materials on the selected topic, analysis, and synthesis of selected information,
adaptation of the material to the project format, research, step-by-step control of tasks,
formation of further goals and clarification of mechanisms);

4) presentation (demonstration of results);
5) evaluation/defense (control of tasks under the plan/protection of completed projects), etc.

As a result of conversations with experts, problematic issues were identified. Thus, the vast
majority of teachers (65%) do not have the knowledge to implement project-based learning
methods in distance education, in particular through social services (figure 1).

Figure 1: The results of a survey on implementing project-based learning methods using cloud services.

Some teachers (32%) note the effectiveness of implementing project teaching methods using
cloud services (figure 2). Moreover, this is associated with the imperfection of the development
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Figure 2: The results of a survey on implementing project-based learning methods using cloud services.

of methods for using digital tools and services for the implementation of distance learning in
general and project-based learning methods in particular.

The disappointing results of the teacher survey motivate us to search for new digital tools for
the implementation of project-based teaching methods. As such tools, consider social networks,
given their popularity among participants in the educational process (students and teachers). As
you know, there are currently quite a lot of social networks, but their methodological and didactic
potential has not been sufficiently revealed. This is especially true of social networks within
the corporate network. One such social network is Yammer. This is a private social network
from Microsoft, which is integrated into the Microsoft Office 365 (corporate) software package.
Yammer helps you stay in touch with the people you need, share information with workgroups,
and organize projects. Only employees of a certain company can join, so communication in
Yammer will be safe and visible only to people from a certain organization.

In the updated version of Yammer from 2016, all Microsoft Office 365 plans are integrated
with Yammer Corporate, all Office 365 subscribers receive the appropriate licenses. In addition,
Microsoft has introduced the Yammer Partner Enablement program, in which students (future
specialists of the corporation) can share their experience in the field of promotion and realization
of successful corporate social projects.

Why was the social network chosen to implement project-based learning methods?
Yammer can create teams to work together in teams and organizations, exchange files and

collect feedback. As part of the service, you can configure the profile of the project team with
photos, basic information about the group, and its members. It is clear that Yammer is not the
only social service that can implement project-based learning methods. It can be compared, for
example, with other cloud services and messengers (table 1).

Highlight Yammer features for the organization of project activity:

• Joining a group. Groups are an opportunity to work in a team or to stay up to date on
a particular issue. The general group of the company is the group in which everyone can
publish; each automatically becomes a member of this group. It is possible to join any
public group, but you will need an invitation to join a private group.

• Track user actions. Following a user on the Yammer network means viewing his message
on the news feed. Yammer allows you to search for people by name using the search box,
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Table 1
Comparison Yammer capabilities and other services (✓- function available, x - the function is absent, $ -
the function is available only in the paid version).

Yammer Slack Viber Telegram Skype

Text messages ✓ ✓ ✓ ✓ ✓
Voice calls x x ✓ ✓ ✓
Video calls x x ✓ x ✓

Sending files ✓ ✓ ✓ ✓ ✓
Integration with third-party ✓ ✓ x x x

add-ons-file repositories, (30 d. free)
mail, other messengers, etc.

Protection against x ✓ x x x
“information garbage”

Access to the full message archive ✓ ✓ ✓ ✓ ✓
Ability to save files ✓ ✓ ✓ ✓ x

Minimum price per user per month ≈ 5$ ≈ 7$ – – –
Supported platforms Mac, Mac, Mac, Mac, Mac,

Win, Win, Win, Win, Win,
Linux, Unix, Unix, Unix, Unix,
iOS, iOS, iOS, iOS, iOS,

Android, Android, Android, Android, Android,
Windows Web Web, Windows Windows

Phone, Phone Phone, Phone,
Web Web Web

or to view the general information channel of the company, and to track the user whose
message was interesting to you.

• The answer is in the conversation. The convenience of keeping the conversation makes the
Yammer network especially useful. When an employee responds to a message, Yammer
begins the chain. This simplifies the tracking of the entire conversation. To reply to
a message, click the Reply button below the message, where the reply field will be
displayed.

• Notification of the message by pressing the “Like” button. Yammer lets you say that you
like the message.

• Joining the conversation. A web channel is a source of information. A web channel is a
source of information.

Considering the selected features of Yammer, we indicate its capabilities for the implementa-
tion of project-based learning methods.

The work on the project consists of five stages. At the first stage, students are offered a topic.
The teacher pays attention to the relevance of the chosen topic, awakens students’ interest in
the project, outlines the problem area of educational research, emphasizes significance, offers
different perspectives on the topic. At this stage, the purpose and objectives of the study are
formulated. Here are some examples of projects:

1. Overview of business models and types of analytics.
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2. Familiarity with Google-tables in the implementation’s context of information-analytical
activities, including elements of descriptive and mathematical statistics.

3. Use of analytical activities in e-commerce using Google Analytics, Amplitude.
4. Databases and SQL — a declarative programming language for user interaction with

databases, used to generate queries, update and manage relational databases, create
a database schema and modify it, control system for access to the database.

5. Comprehensive business intelligence software from Microsoft Power BI.
6. Python review for data analysis.
7. Model on request On-Demand. We are one click away.

Let’s highlight the Yammer functions for implementing the first stage: maintaining con-
nections within the team. The Yammer network is a fast and convenient way to keep in touch
with the team, discuss ideas, share news, communicate and share the experiences of other team
members. Data exchange. The Yammer network is communication, file sharing, collabora-
tion in teams on projects and specific topics. If necessary, partners from external educational
institutions and organizations can be involved with the help of secure communication channels.

At the second stage, the organization of activity is carried out. The research project is
implemented in groups created by the teacher. For each group the purpose, tasks are defined,
the role of each participant of the research is outlined. Thus, one group investigates general
scientific methods (analysis, synthesis, abstraction, generalization, etc.); another – methods of
empirical research (survey, observation, experiment), the next – information and forecasting
techniques (cognitive mapping, modeling, analysis of the decision-making process, expert
evaluation, etc.), another group – methods of presenting information in information documents
(extraction, paraphrasing, interpretation), etc. Use the Yammer function – a combination
of leadership and command. Leaders and team members in terms of distance education are
scattered territorially. It is important to know what the team members are doing and that the
plans of the different people have been agreed upon.

In the third stage, the teacher announces certain problem situations. The groups decide
whether the techniques they are considering can solve real professional problems. In the process
of discussing the project, an action plan is developed, a bank of ideas and proposals is created.
Systematization and generalization of work results is carried out. To implement the second and
third stages, in addition to the above functions, Yammer uses the following: Connecting and
engaging all colleagues. The Yammer network is a powerful and secure mobile application that
takes collaboration to the next level by keeping team members anywhere, anytime.

At the fourth stage there is a presentation of research products. This stage is necessary
for further analysis of the study, self-assessment, evaluation by experts (individual students
or visiting graduate students, teachers). At the stage of presentation, students are required to
concisely and logically coherently build a message, use clarity, adhere to the structure of the
report. Let’s select Yammer functions for the realization of the specified stage:

1. Work in Office programs without any problems. The Yammer network is a social network
integrated with Office programs, which allows you to work productively with the help of
the usual interface and file-sharing functions.
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2. Interaction with colleagues. The Yammer network is an exchange and retrieval of infor-
mation between management and team members; it is an encouragement and a reaction
to the feedback; this is a recognition of merit and encouragement of diligence of team
members.

3. Dissemination and receipt of information. The Yammer network is an announcement for
the whole company, exchange of notes with additional details after important meetings,
exchange of key news.

The research project is evaluated/defended at the fifth stage according to the following crite-
ria: research nature of the work; reliability of collected facts; literacy and logic of presentation;
presentation skills (speech culture, clarity, and illustration). They use the Yammer function –
providing feedback because it is important to give team members the right to vote and show
that you hear them. The Yammer network is a live chat with the entire company with questions
and answers, a call of employees to answer your questions with questions or answers.

So, the outlined Yammer possibilities are a convincing argument for purposeful teaching of
students in the context of the use of project teaching methods using the method of small groups.
At the same time, the experience of implementing project teaching methods and conversations
with students highlighted the problems of students’ low awareness of the possibility of using
cloud technologies. In order to solve the problem related to the weak knowledge of students
about the implementation of project teaching methods with cloud technologies, we developed
an e-learning course module in the LMS Moodle system on the topic “Creating educational
content through corporate social service Yammer”.

This module contains tasks related to the use of the project method aimed at the implementa-
tion of cooperative students’ learning. Note that cooperative learning is not so much a form of
learning as a special method of organizing educational activities in the group, which is based
on positive interdependence between individuals in the process of learning, and the result of
such educational activities is created by joint efforts final product [36, 37, 38].

A content module was created to study “Using Yamer in professional activities”. The module
takes into account the authors’ research on the use of social services for teaching students [37]
and the role of informatization in changing the competencies of high school teachers [38].
The created module is added to computer science disciplines with the help of LMS Moodle for
students of the following specialties: “Applied Technologies: ICT in research and teaching”,
“Communicative Strategies of Oriental Language: Module ICT in Professional Activity” (disci-
pline “Information and Analytical Studies: Modern Information Systems and Technologies”),
“International Information” (discipline “International Information: ICT in International Informa-
tion”), “English Philology” (discipline “Information Technology in Foreign Languages: Modern
Information Technology in Foreign Languages”), etc.

In addition, the participants got acquainted with the module “Use of ICT in education” cre-
ated by the scientific student group of Borys Grinchenko Kyiv University. Note also that the
module “Creating educational content through corporate social service Yammer” was created
for information technology disciplines taught to undergraduate and graduate students. “Module
Creation of educational content by means of corporate social service Yammer” contains the
following components: lectures (1. History of development and general characteristics of cloud
service; 2. Online analogue of the wall for notes – Yammer service; 3. Advantages and disad-
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vantages; 4. Using Yammer in professional activities) and presentation of the submitted topic;
practical work (15 detailed tasks for mastering the skills of work in the service); video manual
(step-by-step instructions for performing most tasks of practical work); glossary (dictionary of
terms); test to test knowledge.

On figure 3 a screenshot element of the training course “Creation of educational content by
means of corporate social service Yammer” in the LMS Moodle system.

Figure 3: Creation of educational content by means of corporate social service Yammer.

As part of the scientific student group “The use of ICT in education” of Borys Grinchenko Kyiv
University, we invited students to take part in the project’s implementation method. During
March 2021, 8 teams were formed, each with 4 students of the same level under academic
achievements. In each group, there were two students majoring in “Computer Science”, the
other students – humanities. The teams were offered the implementation of an interdisciplinary
project – the development of a website “Virtual Museum of University History”. The project
was implemented during March–June 2021 in a distance format. Four teams (K1–K4) used the
Yammer network in the process of working on the project, other teams (K5–K8) communicated
with the help of various digital resources. Projects were evaluated on a 10-point scale according
to the criteria: the work is practical, contains a well-presented theoretical basis, is characterized
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by a logical, consistent presentation of material with appropriate conclusions and sound pro-
posals; has positive feedback from experts, students, teachers; In defending the work, students
demonstrate in-depth knowledge of the topic, freely operate with research data, make sound
suggestions, use clarity (tables, diagrams, graphs, etc. or handouts), easily answer questions.
The evaluation was carried out based on expert assessments of participants in the educational
process (through the use of cloud services Google Forms and Google Sheets) (figure 4).

Figure 4: The results of a survey on implementing project-based learning methods using cloud services
(table of criteria for evaluating completed projects, and an example of the implemented project).

The following results were obtained during the projects: K3 – 10 points, K2 – 10 points, K1 –
9 points, K8 – 9 points, K4 – 8 points, K6 – 6 points, K5 – 6 points, K7 – 4 points. This shows the
effectiveness of the use of Yammer in the educational process, in particular, in implementing
project-based learning methods.

5. Conclusions

By analyzing the experience of project activities among teachers of higher education, the
main features of project-based learning on cloud-based services were identified: social activity;
convenient communication in a team during the project implementation and at the resulting
stage; open educational space; self-learning and self-improvement; use of interdisciplinary
links to combine students of different years of study (1–4 degrees of the first (bachelor’s) level
and students of the second master’s level) to joint research teams to study through research;
purposeful motivation of cognitive and research activity of students within the discipline with
the use of interdisciplinary connections; formation of digital literacy of students.
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Over 10 years of experience of the scientific circle “ICT in the educational process” and
20 years of teaching experience of the co-authors of the study gives grounds to distinguish
the following stages of using project methods using the method of small groups: initiation;
planning; conducting/implementation; presentation; assessment/defense.

Conducted an analysis of the advantages and disadvantages of using well-known social
services and messengers to ensure project activities. The key (within the work of small groups)
functions of the Yammer cloud service have been identified and disclosed.

Prospects for further research include step-by-step detailing and methodological support
for the use of cloud-based learning technologies for students majoring in the field of “human–
human” using project methodology.

Acknowledgments

The research was performed within the framework of a complex scientific topic of the Depart-
ment of Computer Science and Mathematics of Borys Grinchenko Kyiv University “Mathematical
methods and digital technologies in education, science, technology”, SR No. 0121U111924.

References

[1] N. Balyk, I. Grod, Y. Vasylenko, V. Oleksiuk, Y. Rogovchenko, Project-based learning in
a computer modelling course, Journal of Physics: Conference Series 1840 (2021) 012032.
doi:10.1088/1742-6596/1840/1/012032.

[2] Y. V. Shuhailo, T. M. Derkach, Project-based learning for undergraduate engineering
students minoring in textile technology and design, Journal of Physics: Conference Series
1840 (2021) 012042. doi:10.1088/1742-6596/1840/1/012042.

[3] B. Barron, L. Darling-Hammond, Teaching for meaningful learning: A review of research
on inquiry-based and cooperative learning, 2008. URL: https://eric.ed.gov/?id=ED539399.

[4] G. V. Berezhna, O. V. Aleinikova, O. A. Kovtun, H. B. Danylchuk, V. O. Babenko, P. P.
Nechypurenko, Training on gender mainstreaming in project management: case of
international donor programs and projects for Ukrainian local communities’ development,
in: S. Semerikov, V. Osadchyi, O. Kuzminska (Eds.), Proceedings of the Symposium on
Advances in Educational Technology, AET 2020, University of Educational Management,
SciTePress, Kyiv, 2022.

[5] O. G. Glazunova, O. V. Parhomenko, V. I. Korolchuk, T. V. Voloshyna, The effectiveness
of GitHub cloud services for implementing a programming training project: students’
point of view, Journal of Physics: Conference Series 1840 (2021) 012030. doi:10.1088/
1742-6596/1840/1/012030.

[6] I. M. Gryshchenko, L. Jin, T. M. Derkach, S. Tang, Experience in teaching analytical chem-
istry in a joint English-language educational project of Chinese and Ukrainian universities,
Journal of Physics: Conference Series 1946 (2021) 012008. doi:10.1088/1742-6596/
1946/1/012008.

[7] R. Horbatiuk, O. Voitovych, I. Voitovych, Formation of project competence of future

255

http://dx.doi.org/10.1088/1742-6596/1840/1/012032
http://dx.doi.org/10.1088/1742-6596/1840/1/012042
https://eric.ed.gov/?id=ED539399
http://dx.doi.org/10.1088/1742-6596/1840/1/012030
http://dx.doi.org/10.1088/1742-6596/1840/1/012030
http://dx.doi.org/10.1088/1742-6596/1946/1/012008
http://dx.doi.org/10.1088/1742-6596/1946/1/012008


environmentalists, E3S Web of Conferences 166 (2020) 10026. doi:10.1051/e3sconf/
202016610026.

[8] R. M. Horbatiuk, N. M. Bilan, O. A. Sitkar, O. S. Tymoshchuk, The formation of educational
environment in foreign language training of energy engineering students by means of
project technology, Journal of Physics: Conference Series 1840 (2021) 012047. doi:10.
1088/1742-6596/1840/1/012047.

[9] A. V. Iatsyshyn, V. O. Kovach, V. O. Lyubchak, Y. O. Zuban, A. G. Piven, O. M. Sokolyuk,
A. V. Iatsyshyn, O. O. Popov, V. O. Artemchuk, M. P. Shyshkina, Application of augmented
reality technologies for education projects preparation, CEUR Workshop Proceedings
2643 (2020) 134–160.

[10] M. Pavlenko, L. Pavlenko, Formation of communication and teamwork skills of future
IT-specialists using project technology, Journal of Physics: Conference Series 1840 (2021)
012031. doi:10.1088/1742-6596/1840/1/012031.

[11] I. Podlasyi, Training of a specialist: Optimal models and pragmatic solutions, Higher
Education in Europe 7 (1982) 39–42. doi:10.1080/0379772820070207.

[12] N. V. Valko, V. V. Osadchyi, V. S. Kruhlyk, Cloud resources use for students’ project
activities, CEUR Workshop Proceedings 2879 (2020) 304–317.

[13] K. Vlasenko, O. Kondratyeva, I. Khyzhniak, O. Chumak, S. Volkov, Developing training
materials for the on-line course “Project method in teaching higher mathematics”, CEUR
Workshop Proceedings 2732 (2020) 756–769.

[14] O. Dzyabenko, N. Morse, S. Vasylenko, L. Varchenko-Trotsenko, V. Wember, M. Boyko,
E. Smirnova-Trybulska, Innovative pedagogical methods in the digital age, 2020. URL:
https://elibrary.kubg.edu.ua/id/eprint/32856/.

[15] P. C. Blumenfeld, E. Soloway, R. W. Marx, J. S. Krajcik, M. Guzdial, A. Palincsar, Motivat-
ing project-based learning: Sustaining the doing, supporting the learning, Educational
Psychologist 26 (1991) 369–398. doi:10.1080/00461520.1991.9653139.

[16] K.-H. Tseng, C.-C. Chang, S.-J. Lou, W.-P. Chen, Attitudes towards science, technol-
ogy, engineering and mathematics (stem) in a project-based learning (pjbl) environ-
ment, International Journal of Technology and Design Education 23 (2013) 87–102.
doi:10.1007/s10798-011-9160-x.

[17] D. Kokotsaki, V. Menzies, A. Wiggins, Project-based learning: A review of the literature,
Improving Schools 19 (2016) 267–277. doi:10.1177/1365480216659733.

[18] K. Ayas, N. Zeniuk, Project-based learning: Building communities of reflective practitioners,
Management Learning 32 (2001) 61–76. doi:10.1177/1350507601321005.

[19] J. Macias-Guarasa, J. Montero, R. San-Segundo, A. Araujo, O. Nieto-Taladriz, A project-
based learning approach to design electronic systems curricula, IEEE Transactions on
Education 49 (2006) 389–397. doi:10.1109/TE.2006.879784.

[20] R. J. DeFillippi, Introduction: Project-based learning, reflective practices and learning,
Management Learning 32 (2001) 5–10. doi:10.1177/1350507601321001.

[21] V. Bykov, Developing the educational process participants’ competencies on the ba-
sis of cloud-oriented information and educational systems: Scientific report at the
meeting of the presidium of the national academy of educational sciences of ukraine,
march 18, 2021, Herald of the National Academy of Educational Sciences of Ukraine
3 (2021). URL: https://visnyk.naps.gov.ua/index.php/journal/article/view/129. doi:10.

256

http://dx.doi.org/10.1051/e3sconf/202016610026
http://dx.doi.org/10.1051/e3sconf/202016610026
http://dx.doi.org/10.1088/1742-6596/1840/1/012047
http://dx.doi.org/10.1088/1742-6596/1840/1/012047
http://dx.doi.org/10.1088/1742-6596/1840/1/012031
http://dx.doi.org/10.1080/0379772820070207
https://elibrary.kubg.edu.ua/id/eprint/32856/
http://dx.doi.org/10.1080/00461520.1991.9653139
http://dx.doi.org/10.1007/s10798-011-9160-x
http://dx.doi.org/10.1177/1365480216659733
http://dx.doi.org/10.1177/1350507601321005
http://dx.doi.org/10.1109/TE.2006.879784
http://dx.doi.org/10.1177/1350507601321001
https://visnyk.naps.gov.ua/index.php/journal/article/view/129
http://dx.doi.org/10.37472/2707-305X-2021-3-1-2-3
http://dx.doi.org/10.37472/2707-305X-2021-3-1-2-3


37472/2707-305X-2021-3-1-2-3.
[22] E. H. Fedorenko, V. Y. Velychko, A. V. Stopkin, A. V. Chorna, V. N. Soloviev, Informatization

of education as a pledge of the existence and development of a modern higher education,
CEUR Workshop Proceedings 2433 (2019) 20–32.

[23] N. Holiver, T. Kurbatova, I. Bondar, Blended learning for sustainable education: Moodle-
based English for Specific Purposes teaching at Kryvyi Rih National University, E3S Web
of Conferences 166 (2020) 10006. doi:10.1051/e3sconf/202016610006.

[24] S. I. Pochtovyuk, V. P. Chernenko, T. A. Vakaliuk, Information and communication
technologies in the study of mathematical methods in psychology, CEUR Workshop
Proceedings 2732 (2020) 1249–1259.

[25] E. Smyrnova-Trybulska, T. Noskova, T. Pavlova, O. Yakovleva, N. Morze, New educational
strategies in contemporary digital environment, International Journal of Continuing
Engineering Education and Life Long Learning 26 (2016) 6–24. doi:10.1504/IJCEELL.
2016.075036.

[26] V. Y. Velychko, E. H. Fedorenko, D. A. Kassim, Conceptual bases of use of free software
in the professional training of pre-service teacher of mathematics, physics and computer
science, CEUR Workshop Proceedings 2257 (2018) 93–102.

[27] D. M. Kuchakovska, H Aand Bodnenko, V. V. Proshkin, Organization of control and
analysis of students’ achievements in higher educational institutions by means of social
services, Information Technologies and Learning Tools 73 (2019) 135–148. URL: https://
journal.iitta.gov.ua/index.php/itlt/article/view/2802. doi:10.33407/itlt.v73i5.2802.

[28] O. V. Shcherbakov, G. A. Shcherbyna, Social network for learning support at the university,
Systemy obrobky informatsii 8(106) (2012) 159–162. URL: http://www.repository.hneu.edu.
ua/jspui/handle/123456789/1545.

[29] A. Iatsyshyn, Application of virtual social networks for purposes of general secondary
education, Journal of Information Technologies in Education (ITE) (2015) 119–126. URL:
http://ite.kspu.edu/index.php/ite/article/view/221. doi:10.14308/ite000491.

[30] O. P. Pinchuk, Perspective analysis of use of social networks as learning tools in learning
environment, Information Technologies and Learning Tools 54 (2016) 83–98. URL: https://
journal.iitta.gov.ua/index.php/itlt/article/view/1482. doi:10.33407/itlt.v54i4.1482.

[31] P. M. Leonardi, Social media, knowledge sharing, and innovation: Toward a theory of
communication visibility, Information Systems Research 25 (2014) 796–816. doi:10.1287/
isre.2014.0536.

[32] J. Kim, M. Hastak, Social network analysis: Characteristics of online social networks
after a disaster, International Journal of Information Management 38 (2018) 86–96. doi:10.
1016/j.ijinfomgt.2017.08.003.

[33] T. A. Vakaliuk, O. V. Korotun, S. O. Semerikov, The selection of cloud services for ER-
diagrams construction in IT specialists databases teaching, CEUR Workshop Proceedings
2879 (2020) 384–397. URL: http://ceur-ws.org/Vol-2879/paper21.pdf.

[34] S. Munusamy, A. Osman, S. Riaz, S. Ali, F. Mraiche, The use of socrative and yammer
online tools to promote interactive learning in pharmacy education, Currents in Pharmacy
Teaching and Learning 11 (2019) 76–80. doi:10.1016/j.cptl.2018.09.021.

[35] A. Dhir, Y. Yossatorn, P. Kaur, S. Chen, Online social media fatigue and psychological
wellbeing — A study of compulsive use, fear of missing out, fatigue, anxiety and depression,

257

http://dx.doi.org/10.37472/2707-305X-2021-3-1-2-3
http://dx.doi.org/10.37472/2707-305X-2021-3-1-2-3
http://dx.doi.org/10.1051/e3sconf/202016610006
http://dx.doi.org/10.1504/IJCEELL.2016.075036
http://dx.doi.org/10.1504/IJCEELL.2016.075036
https://journal.iitta.gov.ua/index.php/itlt/article/view/2802
https://journal.iitta.gov.ua/index.php/itlt/article/view/2802
http://dx.doi.org/10.33407/itlt.v73i5.2802
http://www.repository.hneu.edu.ua/jspui/handle/123456789/1545
http://www.repository.hneu.edu.ua/jspui/handle/123456789/1545
http://ite.kspu.edu/index.php/ite/article/view/221
http://dx.doi.org/10.14308/ite000491
https://journal.iitta.gov.ua/index.php/itlt/article/view/1482
https://journal.iitta.gov.ua/index.php/itlt/article/view/1482
http://dx.doi.org/10.33407/itlt.v54i4.1482
http://dx.doi.org/10.1287/isre.2014.0536
http://dx.doi.org/10.1287/isre.2014.0536
http://dx.doi.org/10.1016/j.ijinfomgt.2017.08.003
http://dx.doi.org/10.1016/j.ijinfomgt.2017.08.003
http://ceur-ws.org/Vol-2879/paper21.pdf
http://dx.doi.org/10.1016/j.cptl.2018.09.021


International Journal of Information Management 40 (2018) 141–152. doi:10.1016/j.
ijinfomgt.2018.01.012.

[36] D. M. Bodnenko, H. A. Kuchakovska, V. V. Proshkin, O. S. Lytvyn, Using a virtual digital
board to organize student’s cooperative learning, CEUR Workshop Proceedings 2731
(2020) 357–368. URL: http://ceur-ws.org/Vol-2731/paper21.pdf.

[37] H. Kuchakovska, The organization of students’ joint activity by means of popular network
services, CEUR Workshop Proceedings 1844 (2017) 155–165. URL: http://ceur-ws.org/
Vol-1844/10000155.pdf.

[38] D. Bodnenko, The role of informatization in the change of higher school tasks: the
impact on the professional teacher competences, CEUR Workshop Proceedings 1000 (2013)
281–287. URL: http://ceur-ws.org/Vol-1000/ICTERI-2013-p-281-287.pdf.

258

http://dx.doi.org/10.1016/j.ijinfomgt.2018.01.012
http://dx.doi.org/10.1016/j.ijinfomgt.2018.01.012
http://ceur-ws.org/Vol-2731/paper21.pdf
http://ceur-ws.org/Vol-1844/10000155.pdf
http://ceur-ws.org/Vol-1844/10000155.pdf
http://ceur-ws.org/Vol-1000/ICTERI-2013-p-281-287.pdf


The didactic potential of cloud technologies in
professional training of future teachers of Ukrainian
language and literature
Olha B. Petrovych1, Alla P. Vinnichuk1, Oksana A. Poida1, Viktoriia I. Tkachenko1,
Tetiana A. Vakaliuk3,2,4 and Olena H. Kuzminska5

1Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University, 32 Ostrozhskogo Str., Vinnytsia, 21100, Ukraine
2Institute for Digitalisation of Education of the National Academy of Educational Sciences of Ukraine, 9 M. Berlynskoho
Str., Kyiv, 04060, Ukraine
3Zhytomyr Polytechnic State University, 103 Chudnivsyka Str., Zhytomyr, 10005, Ukraine
4Kryvyi Rih State Pedagogical University, 54 Gagarin Ave., Kryvyi Rih, 50086, Ukraine
5National University of Life and Environmental Sciences of Ukraine, 15 Heroyiv Oborony Str., Kyiv, 03041, Ukraine

Abstract
The article deals with the peculiarities of the usage cloud technologies for the organization of students-
philologists’ individual and group work in studying the discipline “Scientific Research Basics”. The
relevance of the introduction of cloud technologies for formation the readiness of the future teachers of
Ukrainian language and literature to the professional activity is substantiated. Analysis of the scientific
sources suggested that the quality of professional training process of future teachers-philologists has
reached a new level by the means of cloud technologies. The domestic and foreign experience of cloud
technologies implementation into current educational practices is generalized. The features of blended
learning organization for professional training students-philologists at the Mykhailo Stelmakh Faculty
of Philology and Journalism of Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University during
the studying the discipline “Scientific Research Basics” by using cloud technologies are described. The
practical aspects and experience of preparation the future teachers of Ukrainian language and literature to
a fluent usage of innovative cloud-based means are detailed. It is specified that the educational process is
based on the communication by Gmail, Viber and Telegram messengers, store on Google Drive resource,
work with educational video on YouTube, conducting online classes in Google Meet, creation publication
in any of the social networks (Facebook, Instagram, TikTok), formation the different styles of references
design on The Cite This for Me resource, conducting literature search on various search engines, namely
Google Scholar, ScienceDirect, Web of Science, creating multimedia presentation at Prezi or Canva,
making MindMaps on Mindomo, infographics on interactive board Google Jamboard or Padlet, on
services for graphic design Canva and Visme, etc. Prospects for experimental studying the effectiveness
of using cloud technologies in learning discipline “Scientific Research Basics” are determined.

Keywords
cloud technologies, professional training, scientific research basics, cloud-based learning environment,
the future teachers-philologists, visualization, didactic potential.
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1. Introduction

The high-speed development of information and communication technologies is significantly
ahead of the process of adaptation of these technologies to the pedagogical process. Significant
changes in the education system are needed for adequate interaction of the tutor with the
students of the new generation, for their training and development. This requires the tutor
to take into account the peculiarities of the perception of educational information by modern
students, the transition from mostly verbal teaching methods to the use of interesting for young
people forms and methods of organizing educational activities. After all, now it is not enough to
transfer only knowledge in the process of professional training, but it is important to involve the
students into active learning and research activities in the media space, and to form the students’
ability to critically interpret information in a cloud-based learning environment. Therefore, the
problem of using cloud technologies in the educational process and finding effective tools for
productive educational interaction becomes especially relevant.

Thus, it should be noted that there is still no comprehensive justification for the introduction
of cloud learning technologies in the training of future teachers of Ukrainian language and
literature, that would reveal the potential of cloud-based learning environment in forming of
the students’ key competencies, increasing their personal and creative potential.

The theory of the use of cloud technologies in the educational process was studied by
Al-Sharafi et al. [1], Alshref et al. [2], Attaran et al. [3], Bykov and Shyshkina [4], Kiv et al.
[5], Kobysia [6], Lytvynova [7], Marienko [8], Markova et al. [9, 10], Morze and Kusminska
[11], Munk et al. [12], Nechypurenko et al. [13], Okai et al. [14], Oleksiuk et al. [15], Peras
and Mekovec [16], Popel and Shyshkina [17, 18], Qasem et al. [19], Striuk and Rassovytska
[20], Vakaliuk et al. [21, 22], Velychko et al. [23], Volikova et al. [24], Yadav [25], Yeh and Hsu
[26], Zhaldak and Franchuk [27].

Popel and Shyshkina [17] determined the relationship between such concepts as “cloud-based
systems” and “cloud-based environments”.

Yadav [25] attracted the attention to a cloud education system and described how it is
beneficial for students, faculty and the educational institutes for providing quality education.
Attaran et al. [3] discussed potential strategic benefits of cloud technology in education, and
highlighted its evolving trends.
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Lytvynova [7] convinces that implementation of a cloud-oriented learning environment at
secondary schools provides endless opportunities both teacher and student, because it helps to
create the conditions for innovation in learning.

A considerable amount of research papers has been investigating the peculiarities of use the
cloud technologies in higher educational institutions. Okai et al. [14] discovered that the higher
education is skeptical in committing to cloud technology. They identified the reasons for the
slow rate of adoption of cloud computing at university level, discussed the challenges faced and
proposes a cloud computing adoption model that contains strategic guidelines to overcome the
major challenges identified and a roadmap for the successful adoption of cloud computing by
universities. According to Fedorenko et al. [28], the practice of implementing such technologies
in the educational process of higher educational institutions are expanding every day and gives
only positive results.

Al-Sharafi et al. [1] developed a theoretical model to explore the factors affecting cloud
computing adoption at higher education institutions. Their model is based on the integration of
four well-established models, including the technology-organizational-environmental frame-
work, the fit viability model, the diffusion of innovations, and the institutional theory. Peras
and Mekovec [16] identified the factors of the use cloud service in education institutions, and
developed a conceptual model for the continuance intention to use cloud service in education
institutions.

Qasem et al. [19] gave the systematic literature review and analyzed the existing research on
adopting and using cloud computing in higher education institutions, reviewed background
research to develop a coherent taxonomy and provide a landscape for future research on
cloud computing in higher education institutions. One more systematic literature review was
conducted by Alshref et al. [2]. It was focused on the e-learning technology acceptance theories
and models and opened issues and challenges facing the Libyan higher education institutions.

Shakor and Surameery [29] analyzed the researchers’ views in Iraqi universities on cloud com-
puting and presented the impacts of the COVID-19 pandemic on cloud computing environment
in higher education institutions in Iraq.

Yaroshenko et al. [30] pointed out that the main purpose of information and digital training in
the pedagogical higher educational institutions is to ensure the formation of digital competence
of future primary school teachers, to prepare them for developing primary students’ digital
literacy in classes on various academic subjects, for active use of ICT in primary school teachers’
professional activities.

Moiseienko et al. [31] defined didactic conditions of digital formation competences of students
of pedagogical universities: actualization of motivational value training of students of peda-
gogical universities; organization of interaction between students and teachers of pedagogical
universities on the Internet through the creation of digital information educational environment;
creation of individual educational trajectories of students.

Some aspects of the use of e-learning tools, cloud technologies for teaching the Ukrainian
language and literature were considered in the works of Biychuk [32], Palamar and Nazarenko
[33], Petrovych et al. [34], Skrynnik [35], Ulishchenko [36]. Skrynnik [35] created, scientific
and theoretical grounded and experimental tested the methods of teaching Ukrainian literature
with the use of cloud technologies and described it in her PhD thesis “Techniques of teaching
Ukrainian literature in the 5th-6th grades using cloud technologies”. The researcher defined
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a cloud-based learning environment in the system of literature education as an artificially
modeled environment of pedagogical interaction, which involves the use of cloud technologies,
has a clearly defined didactic purpose, promotes the formation of key and subject competencies,
development of readers’ personal potential, promotes the creative self-expression of each of the
subjects of educational interaction [35].

Palamar and Nazarenko [33] analyzed the content aspects of the competence approach to
teaching literature with the use of booktrailer to increase students’ interest in reading. But the
usage of cloud technologies in the formation of the readiness of future teachers-philologists to
professional activities are poorly explored.

Despite the interest of scientists in cloud technologies, the role of cloud-based learning
environment in formation the readiness of future teachers of Ukrainian language and litera-
ture for professional activity requires further researches. Therefore, it is important to study
methodologically and pedagogically appropriate ways of students’ training by the means of
cloud technologies.

The aim of the research is to elucidate the didactic capability of the usage of cloud technologies
in the format of studying the discipline “Scientific research basics” for effective professional
training of students-philologists.

2. Related work

2.1. Cloud technologies in higher education: the didactic potential of usage

Bondarenko et al. [37], Palamar and Nazarenko [33], Petrovych et al. [34], Skrynnik [35], Valko
et al. [38] highlight that the professional training of future teachers should take into account
the changes in the technological world.

Shakor and Surameery [29] underline that a lot of educational institutions have begun using
cloud computing by outsourcing their student email provision and by using data storage. The
authors point out the main benefit of using the clouds:

• availability (the ability to access the data from anywhere and by using any portable
devices);

• save cost of installing IT infrastructure;
• outsourced development and maintenance;
• minimal training on the personnel;
• super-computing power.

Morze and Kusminska [11] categorize the didactic assignments of using the cloud computing
in the higher education institutes: creation and further development of personal training
and research environment of student and tutor, organization access it from anywhere at any
time; saving large amounts of personal data, etc.; providing centralization and flexible control,
minimization the need for maintenance, saving money to purchase new equipment, flexibility
in the deployment of new systems etc.

Qasem et al. [19] list the benefits that inspire higher educational institutions to adopt cloud
computing. Among them are:
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• readily accessible online applications;
• flexible learning environments;
• mobile learning support;
• availability of specialized cloud-based systems;
• scalability of specialized cloud-based systems;
• cost reductions in hardware and operations;
• reduce the costs of software;
• collaborative working;
• virtualization;
• quality of service.

The researchers revealed in their study that cloud computing technology leads to modernize
the way of work of teachers, educators in higher educational institutions. But the authors
attracted the attention that despite several cloud computing studies in relation to higher edu-
cational institutions, other researchers have tended to focus minimally on the organizational
aspects and on the individual perspectives of the usage of cloud technologies [19].

Qasem et al. [19] highlight that students are already familiar with the concept of cloud
computing to some degree and are probably already used in cloud-based technologies, such
as Google Apps and Dropbox, which are free, easy to use, and highly accessible. The authors
proclaim that cloud-based systems are attractive to the education sector because they are readily
available, quick to respond, and easy to roll out to numerous audiences.

At the same time, Valko et al. [38] notify that cloud technologies usage has several disad-
vantages that are to be considered at educational process supported with such a technology is
being organized. For instance:

• depending on electricity availability;
• the cloud service provider is empowered with absolute access to and control on data;
• resource is being worked and supported until the cloud service provider does it;
• resources may change monetary policy and limit the functional or they are no longer

available;
• the data typing and standards lacking limit the cross-platform transition between re-

sources.

Yeh and Hsu [26] affirm that cloud technologies have much greater potential than other
network infrastructures because they can overcome other computing limitations by offering
great processing capability and data storage capacity given the servers where they are stored.

Varina et al. [39] draw our attention to the use of cloud computing, particularly Google
Workspace for Education, in the educational process not only for formation of a competitive and
successful personality in the electronic information society, but also for significantly improve
and diversity the activity of a teacher, activization creativity of students, creation appropriate
conditions for the formation and development of their relevant skills and abilities, improve the
assimilation and reproduction of information obtained by them, promotion the development of
students’ adaptive potential.
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According to Bondarenko et al. [37], modern students are “digitally born”, because they live
in a media environment. So, the use of computers, Internet resources and mobile devices is the
part of students’ everyday life. The researchers draw our attention to such “key properties” of
this educational environment:

• immersion, the ability to be an active doer instead of a passive viewer;
• interactivity, the active interaction of education process participants among each other

and with an artificial environment;
• dynamism, variability, transience of events;
• sense of presence;
• continuity, the ability for continuous interaction of participants in the educational process

(offline, online, etc.);
• causality, the ability to identify the causal relationships among educational phenomena

and processes, and to visualize them with multimedia.

The above mentioned should be taken into account in professional training of the students-
philologists because of its didactic potential. Meaningful choice of educational tasks, the
possibility of constant feedback and creating an atmosphere of cooperation allows developing
of the comfortable learning environment.

Thus, future teachers of Ukrainian language and literature must be able to appropriately select
and effectively apply cloud technologies in the educational process. It allows to personalize
the learning process, bring it closer to the needs of modern students. Constant updating of
such technologies requires a modern teacher to be reflective, able to critically assess their own
abilities, to focus on self-development and self-improvement.

2.2. Peculiarities of application the cloud-based services in higher education

Falfushynska et al. [40] summed up the students’ and faculty members’ attitude towards e-
learning and the most complicated challenges regarding distance education. According to their
survey the online learning using Zoom, Moodle, Google Meet, BigBlueButton and Cisco has
become quite popular among the students and faculty members’ in Ukraine in time of COVID-19
pandemic.

According to Symonenko et al. [41], both students and teachers can use the following basic
tools on Google Workspace for Education cloud platform: Gmail with support for text, voice
(Google Talk) and video chat; Google Drive for saving files and providing access rights to them;
Google Docs for creating documents, spreadsheets and presentations of any complexity with the
ability to use templates. Varina et al. [39] state that future teachers use information technology
in almost any activity, and propose to take into account huge popularity and versatility of
Google, because this cloud service allows to organize the learning process in such a way that
students actively and enthusiastically master the educational materials. A group of researchers
point out the advantages of such learning management system as Google Classroom. These
benefits are such as:

• access to materials from any place;
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• creation of a task and distribution of its individual copy for each student;
• joint work on tasks, implementation of project activities;
• real-time communication;
• possibility of conducting interactive classes online;
• tasks assessment.

One more important statement is that Google Classroom e-learning environment also allows
future teachers to import elements from other services, for example LearningApps.org modules,
which can be used directly as educational or training resources and allow students to learn the
most important categories of the course in a form of a game. A group of researchers sums up
the advantages of cloud computing in the educational environment that provide an opportunity
to consider them as a deterministic component of the impact on professionally important and
personality-oriented competencies development [38].

Nazarenko and Palamar [42] draw our attention to the importance of blended learning and the
possibilities of introducing new types of ICTs into educational process. The authors outline that
in the process of study the most popular in using become such on-line resources as LearningApps,
Prezi, Emaze, PoowToon, Kizoa, Padlet, Thinglink, Piktochart, Tagul, Canva, Realtimeboard,
Mindmeister, Mindomo, Ilovefreesoftware, Zaption etc. The researchers emphasize that it is
also crucial for students to use Google as a searching tool in the process of their educational
activity.

Aliagas-Marín and Margallo [43], Basaraba [44], Brössel [45], Dimova et al. [46], Ehret et al.
[47], Ibarra-Rius and Ballester-Roca [48], Romero Oliva et al. [49], Rosa [50], Rius and Roca
[51], Simões and Costa [52], Virani [53], Vollans [54] examine the problem of the usage of
book trailers as a new form of media communication and involvement the students in reading.
Therefore, future teachers-philologists need to master this method, which belongs to cloud
technologies [33]. Besides Borys Grinchenko Kyiv University initiated the All-Ukrainian Festival
“Bookfashion” and the students of Mykhailo Stelmakh Faculty of Philology and Journalism
constantly take part in and regularly win prizes in various categories. Samples of book trailers
can be found on the university website or in YouTube.

Tosheva [55] underlines the didactic and technological aspects of cloud-based services for
creating MindMaps. The researcher assures that they are seen as an adaptive tool for planning,
organizing, creating, presenting, solving problems, such as communication and a method of
memorizing information, making them a powerful tool for visualizing processes and occurrence
studied in higher education. Ivanova et al. [56] gives the list of the most common MindMaps
servises, such as iMindMap Cloud, MindMeister, Mind42 and Goggle which have an easy and
intuitive interface and can be used in blended learning.

Santiana and Fatimah [57] trace the improving of the effectiveness of training by the means
of Prezi cloud-based presentation rather than Power points. In the article such advantages of
using Prezi for educational purposes, were identified: increasing teacher’s confidence, decreas-
ing his/her teaching anxiety, helping the students to visualize the studying material, giving
motivation to study and producing better learning experience. Besides, it encourages the future
teachers-philologists to have high quolity Internet and be creative on making Prezi presentation.

Kravtsov and Gnedkova [58] attract the attention to cloud technologies which provide
opportunities to integrate various methods of interactive learning into the cloud based learning
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environment. The authors consider the most popular and user-friendly Internet services, among
them are:

• Google Docs is an online office where you can create different documents, and also allows
you to conduct the joined work with documents [59];

• OneDrive is Microsoft service, similar to Google Docs service;
• Scribd is an online cloud storage service that allows you to publish documents prepared

in popular formats: Microsoft Office, Open Office, Adobe Acrobat etc.;
• Slideshare is online repository of presentations;
• Google Scholar is search engine for educational and scientific publications;
• YouTube is a service that allows you to download and watch videos in the browser [60];
• Skype is a service that provides audio and video communication of users, in particular in

video conferencing format;
• Wikipedia is an online encyclopedia based on wiki technologies;
• Blogger is Internet service in the form of an online diary (or blog) [61];
• Facebook, Viber are social networks that allow you to create study groups, communities,

etc [62].

On the basic of the considered services Kravtsov and Gnedkova [58] define didactic pos-
sibilities of cloud technologies which confirm expediency of their application in the higher
education:

• simplicity and convenience of joint work of tutors and students;
• quick inclusion of the created products into the educational process;
• organization of interactive learning and students’ group work;
• access to documents anywhere and anytime;
• organization of various forms of control;
• moving the learning management system in the cloud (for example, LMS Moodle, etc.).

Thus, according to the results of analyzed scientific works about cloud services, we chose to
use Gmail, Viber and Telegram messengers for communication, Google Drive resource as online
cloud storage service, YouTube for work with educational video, Google Meet for conducting
online classes, social networks (Facebook, Instagram, TikTok) for creation publication, Google
Scholar, ScienceDirect, Web of Science for literature search, Prezi or Canva for creating multi-
media presentation, Mindomo for making MindMaps, Google Jamboard or Padlet as interactive
board, Canva and Visme for graphic design etc. In our opinion, the didactic possibilities of cho-
sen cloud services help in formation the professional readiness of future teachers-philologists,
in particular their information and communication competency.

3. Features of using cloud technologies in the professional
training of students-philologists

Today, a blended learning is gaining wide development in the field of education and it provides
an opportunity to individualize the process of acquiring knowledge, skills, abilities and ways of
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students’ cognitive activity [63, 64, 65, 66, 67]. This type of learning occurs mainly through indi-
rect interaction of distant participants in the educational environment, which is based on modern
information and communication technologies. As practice and a number of researches show,
blended learning is aimed at creating a comfortable informational educational environment,
communication systems, which provide all the necessary educational information. Following
Kobysia [6], we state that in blended learning a significant part of traditional learning time is
replaced by online learning activities and may include providing links to resources, downloading
texts and materials, facilitating the submission of tasks for independent work. Thus, a blended
learning is a model of using distributed information and educational resources in educational
process with the usage of asynchronous and synchronous distance learning elements. It is
practiced as an element of stationary training during classes and in independent students’
work. Based on this, blended learning inherits elements of distance learning, but eliminates its
shortcomings. This is the educational model which is used in our professional activities at the
Mykhailo Stelmakh Faculty of Philology and Journalism of Vinnytsia Mykhailo Kotsiubynskyi
State Pedagogical University during the studying the discipline “Scientific Research Basics”.

The development of cloud technologies provides the tutors with new opportunities for
effective organization of the educational process. Let’s try to detail the use of didactic possibilities
of cloud technologies during the study of the discipline “Scientific Research Basics”. First of all,
it is worth noting the benefits of these technologies for establishing educational communication,
in particular through Gmail, Viber and Telegram messengers. So, these resources help in the
full exchange of messages, sending images, text documents and even videos, providing feedback
between teacher and student. Learning content is often stored as files on Google Drive resources,
which are linked via a hyperlink system, and the level of access can be changed by the owner.
YouTube features are used to work with the educational videos. Google Meet features are
widely used for online classes, group consultations, collaboration, discussions, presentations of
mini-projects.

While studying the discipline “Scientific Research Basics”, students-philologists do creative
tasks using social services of Internet, Web 2.0 technologies, distributed computing technolo-
gies (cloud technologies). Each student does tasks both individually and in groups, creates a
significant amount of visual didactic materials (crossword puzzles, multimedia presentations,
booklets, MindMaps, booktrailers, instructions etc.).

Here are some examples of educational tasks of the discipline “Scientific Research Basics”
and samples of student work which they have done with the usage of cloud technologies.
Thus, before the practical class “Science as a productive force in the development of society”
students-philologists were asked to do the following creative tasks (optional):

1. Watch the video “Scientific Research - Part 1: Introduction” at https://www.youtube.com/
watch?v=OeBvL2zuaKs. Make a MindMap based on video information. An example of
one of the created MindMap on Mindomo resource can be seen in figure 1.

2. Choose the person of one outstanding scientist. Prepare a publication for any of the social
networks (Facebook, Instagram, TikTok) with brief information about this researcher.
Examples of created publications can be seen in figure 2.

Future teachers of Ukrainian language and literature worked out the theoretical issues of the
next practical class “Psychology and technology of scientific creativity” in the format of group
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Figure 1: MindMap made by a student.

work. A separate question was proposed to each group. As a result of their teamwork, the
students created a MindMap on Mindomo or any other resource and made a video presentation
of this issue and uploaded it to YouTube. One of the presentations of “Organization of creative
activity” can be viewed on YouTube at https://youtu.be/w3JcjYiaN2k.

Working out the tasks for the practical class “Scientific research on the methodology of
philological disciplines. Modeling and its role in research” students-philologists were asked
to get acquainted with different styles of references design (MLA style, APA style, Harvard
style, IEEE style etc.). In such a way they highlighted the differences between different styles.
The Cite This for Me resource (https://www.citethisforme.com/) helped to master the students’
practical skills. Besides students searched for literature by keywords in various search engines
that index scientific publications of all formats and disciplines, namely Google Scholar (https://
scholar.google.com.ua/), ScienceDirect (https://www.sciencedirect.com/), Web of Science (https:
//www.webofscience.com/wos/woscc/basic-search), and they practiced in setting the necessary
filters during the search, learned lifehacks on copying different styles citation etc.

Another task was to watch 2 educational videos about Scientific Models on YouTube
(https://www.youtube.com/watch?v=BSU4_k_5pGE, https://www.youtube.com/watch?v=
nGauq57P5Bg) and prepare a multimedia presentation or infographics with information about
modeling learned from the video. For example, one of the multimedia presentations was
prepared by a student at Prezi (https://prezi.com/). Several images from this presentation can
be seen in figure 3.

Future teachers of Ukrainian language and literature also prepared infographics with in-
formation about modeling using various Internet resources, such as the online board Padlet
(https://padlet.com/dashboard) and cross-platform service for graphic design Canva (https:
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Figure 2: Publication in social networks.

Figure 3: Images from the student’s multimedia presentation.

//www.canva.com/uk_ua/). Samples of student work you can see in figure 4.
The creative tasks of the next practical class also included watching the educational

video and further work with it, ie creating a visual graphic information image using
various cloud technologies. So, after watching the video “How to Write a Research
Methodology in 4 Steps” at the link https://www.youtube.com/watch?v=yplWZs3dqNQ&list=
PLbaAPLFGKWYbobxJt0MS601d_hPKlz1wx&index=12 students-philologists prepared an in-
struction for the researcher about the research methodology with the usage of online board
Padlet (https://padlet.com/dashboard) and graphic design service Visme (https://www.visme.co)
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Figure 4: Examples of infographics created by students using cloud technologies.

(figure 5).
After watching the video “A Level Psychology - Experimental Designs” at the link https:

//www.youtube.com/watch?v=9eZYufPP2-o students-philologists created a comparative table
with the advantages and disadvantages of each of the 3 experiment designs (figure 6). Resources
such as the interactive board Google Jamboard (https://jamboard.google.com/) and the graphic
design service Canva (https://www.canva.com/uk_ua/) helped to do this task.

These examples demonstrate the steady interest of students in innovative technologies in
educational process. The cloud-based learning environment is familiar and usual for them, so
involving students in doing learning tasks in this environment does not cause their resistance,
but on the contrary serves as an incentive for creativity, solving cognitive problems, research
activities.

4. Conclusions and prospects for further research

Based on the analysis of scientific research and our own practical experience, we can formulate
the following didactic possibilities of cloud technologies in the professional training of future
teachers of Ukrainian language and literature:
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Figure 5: Samples of students’ works.

Figure 6: Samples of students’ works.

• activation of students’ cognitive activity and motivation, productivity of educational
activity;

• mobility, which gives opportunities for research, project activities and adaptation of
educational material to real life;

• formation of new ways of knowledge transfer for the implementation of blended learning;
• the ability to store large amounts of data in various formats (audio, video, graphics, text,

databases) and simplify the publication of materials, uploading them online for quick
access to it by both students and tutor;

• interactivity and continuity of the educational process even in the conditions of temporary
and geographical separation of subjects of study;

• the ability to organize the group work;
• the possibility of organizing collective work of tutor and students;
• innovation and the possibility of modifications - expanding the limits of applicability

of existing forms and methods of learning, fast presentation of created products in
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educational process, stimulation of independent activity and obtaining a specific visual
result;

• the possibility of integration of academic disciplines;
• organization of student-oriented learning;
• improving the skills of finding the necessary information, its evaluation;
• formation and increase of the level of media literacy.

The usage of cloud technologies in educational process during studying the discipline “Sci-
entific Research Basics” helps in the practice-oriented and competence-oriented professional
development of students-philologists at the Mykhailo Stelmakh Faculty of Philology and Jour-
nalism of Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University. Thus, with the
help of cloud technologies the future teachers of Ukrainian language and literature master the
skills needed for a teacher of the 21st century, improve their knowledge and abilities both in
professional subjects and in English, organize their self-development and self-education.

A prospects areas for further research are the experimental study of the effectiveness of using
cloud technologies in studying discipline “Scientific Research Basics” and investigation of the
psychological aspects of the problem of the using the cloud technologies in competence-oriented
professional development of students-philologists.
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Abstract
Practical training is an integral part of the professional training of future teachers. During the practical
training, trainees not only implement their own theoretical training in practice, but also increase the
level of information competence. The rapid use of e-learning resources for distance learning during
epidemiological constraints caused by biological threats poses new challenges to education in the
availability of e-learning resources. The development of electronic educational resources is a difficult
task, one of the ways to solve it is to involve future teachers in this process during the initial practice.
The experiment of creating open educational resources by means of cloud technologies during the
training practice showed the probability of solving this problem. Restrictions in direct contact between
participants in the experiment, both due to epidemiological restrictions and through practical training in
various educational institutions, are solved through the use of cloud technologies. The latter provides an
opportunity to easily disseminate developed open educational resources and disseminate best practices
in creating educational content.

Keywords
educational practice, development of electronic educational resources, open educational resources

1. Introduction

Information and communication technologies are a powerful tool for intensifying the educational
process and related organizational processes and activities within the framework of education
becoming more open. However, informatization and introduction of the latest tools, materials,
and tools into the educational process cannot be considered the ultimate goal of open education
and e-learning. Modern educational practice needs tools not only for publishing and storing
educational resources. It is necessary to have a developed set of tools for teamwork with a
variety of materials according to clearly defined criteria within educational systems that can be
used both in educational institutions and outside them. In addition to providing free access, it is
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necessary to provide users with the opportunity to work collectively with materials, modifying
them and adapting them to the needs of their own educational activities.

The initiatives of the University of T’́ubingen in Germany, the Massachusetts Institute of
Technology, and the Hewlett Foundation, launched in the early 2000s, have now evolved into
the Open Content Initiative or as Open Educational Resources (OER). We will use a term which,
in our opinion, is more successful “Open Educational Resources” or “Open E-Learning Resource”.
OERs are resources used to teach educational material, teaching materials, or research resources
that are in the public domain or have been released under an intellectual property license that
allows their free use or reassignment to others.

2. Theoretical foundations of the study

The development of open electronic resources is a complex and multifaceted problem. Specialists
of various specialties related to the theory of education, psychology, ergonomics, information
and communication technologies, etc. are involved in the creation of electronic educational
resources [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]. A number of questions were asked about the process of
creating and using open educational resources by Wiley et al. [11]:

• Do students assigned to create, revise, or remix artifacts find these assignments more
valuable, interesting, motivating, or rewarding than other forms of assessment? Why or
why not?

• Do students who make their assignments publicly available demonstrate greater mastery
of learning outcomes or show more enthusiasm for their work than students assigned
traditional assessments? Why or why not?

• Do students who openly license their work find additional learning benefits? Does openly
licensed student work produce additional benefits to the broader community?

• Are there any drawbacks (real or perceived) that are voiced by students or faculty that
participate in OER-enabled pedagogy?

Partial answers to these questions can be found in the works of Velychko et al. [12, 13]. In
particular, in the work “Open Access to ICT and Electronic Educational Resources as a Guarantee
of Sustainable Development of Society” proposed stages of development of open electronic
educational resources during the educational activity (see figure 1 at [13]). Continuing the
study of this issue, we explored the possibility of creating open educational resources during
the initial practice by means of cloud technologies.

Electronic learning resources are the foundation of e-learning, without such resources the
educational process cannot be an educational system. The advantages of open education are its
specific features, namely:

• information and communication technologies;
• technologies of interaction of participants of educational process;
• specialized teaching aids;
• network structures of organization and management;

279



• specific presentation of educational information;
• specialized quality control of education.

Thus, open education is fundamentally different from traditional and more in line with the
goals, objectives and content of the information society. The main advantages of open education
include:

• mass and accessibility (open education has almost limitless possibilities of wide coverage of
the population and territories, organization of free access to information and educational
resources);

• adaptability and flexibility (the open education system has a wide range of opportunities
to adapt to changing environmental conditions, capable of significant transformations of
all important elements of the educational process);

• internationality and globalization (free functioning of the system of open education
outside state borders);

• planetary openness and availability of information and educational resources;
• modular structure and asynchrony (modular principle of constructing the content and

organization of the educational process allows to form individual curricula and programs
that best meet the personal needs of students, as well as to spread over time the various
elements of the educational process);

• economic efficiency (educational results are achieved with less, compared to traditional
education, time, money, etc.).

Open educational resources according to the definition of “The General Conference of the
United Nations Educational, Scientific and Cultural Organization (UNESCO), meeting in Paris
from 12 to 27 November 2019, at its 40th session” defines Open Educational Resources (OER) are
learning, teaching and research materials in any format and medium that reside in the public
domain or are under copyright that have been released under an open license, that permit
no-cost access, re-use, re-purpose, adaptation and redistribution by others [14]. Open License
is a standard way of granting and restricting the rights to use, transform, reuse or distribute
creative results (sound, text, images, multimedia, etc.). Open licenses are designed to protect
copyright in environments where content (especially digital) can be easily copied and made
available for public access without the author’s permission. Open licenses are expected to help
guarantee permission to copy and share in a structured legal form, an approach that is more
flexible than is available today, when all rights are automatically granted. Licenses in each
case provide certain rights, exempting from the restrictions of traditional copyright. OER is an
integral part of this process. OERs provide greater flexibility in the use, reuse, and adaptation
of materials to local contexts and learning environments, and authors receive well-deserved
recognition.

Ukraine has a low culture of digital content consumption, as exemplified by the significant
percentage of unlicensed software use. According to The Software Alliance, the estimate
of unlicensed use of software in Ukraine in 2017 reached 80%, which is equivalent to $ 108
million, with an average of 57% in Central and Eastern Europe [15]. This culture of digital
content consumption also applies to electronic educational resources. Authors often face the
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question from colleagues – how to protect the developed educational resources from illegal use.
Technological tools to limit digital content transactions exist, but they are unable to address
this issue at a fundamental level. The introduction of comprehensive digital content licensing,
we believe, will help to address this issue. Compliance with open licenses should help shape
the perception of licenses for digital content and the possibility of its use, depending on the
license. It is the obligation to license digital content that leads us to legal relations in the field of
electronic educational resources and to a civilized process of their creation, distribution and use.

Open educational resources should not only have the appropriate licenses, but also a place
where they can be downloaded and downloaded, provide an assessment and describe the expe-
rience of use. Like many digital content, open educational resources are stored in appropriate
repositories. Examples of open educational resources repositories include Open Discover Space
(https://portal.opendiscoveryspace.eu/en), MERLOT (https://www.merlot.org/merlot/) and OER
Commons (https://www.oercommons.org/). Unfortunately, there are no repositories in this area
in Ukraine. Universities, regional institutes of postgraduate pedagogical education, city and
regional departments of education create their own repositories. At the same time, repositories
take on a local character and do not have wide publicity in the educational environment. Never-
theless, in Ukraine the pedagogical community is uniting and has opportunities to improve and
expand their professional competencies on open educational platforms “EdEra”, “Vseosvita”,
“Na urok”, “Prometheus” and others.

Skills in working with open educational resources should be acquired while studying in a
higher education institution. Future teachers have a special advantage and responsibility.

Practical training of future teachers is one of the important stages of the educational process.
On the one hand, during practical training, future teachers are able to implement the acquired
theoretical skills, and on the other hand, gain experience in practical work, which affects the
integrity of the existing competencies of future teachers. During practical training, especially
during the period of sanitary restrictions caused by biological threats, the role of information
and communication technologies increases during communication between students, mentors
and trainees, between trainees and supervisors, and between trainees to share experiences and
materials. The latter provides an opportunity to create tasks for the joint creation of electronic
educational resources and their joint use. Such activities are aimed at increasing the level of
formation of information, communication, organizational competencies. Tasks for joint creation
of electronic educational resources provide an opportunity to get acquainted with the means of
sharing digital content, practical use of cloud technologies, critical analysis of the suitability of
certain cloud technology services for the development and creation of electronic educational
resources.

Cloud technology services have both advantages and disadvantages, we will single out
those that are critical to our tasks. The advantages include: no need for powerful computers
(relevant for providing educational institutions with modern computer equipment), losing the
meaning of using unlicensed software (relevant in the absence of such an item of expenditure),
mobility of use (from any suitable network point), the ability to work together on documents.
The disadvantages of cloud services in educational activities include: dependence on Internet
connection (stability of broadband access is critical for collaboration on documents), not every
cloud application provides the ability to save the results in a user-friendly form on the desired
media, there is a risk that the cloud service provider will terminate the service. And if you need
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to take full advantage of cloud services, you need to prepare for the disadvantages of having an
alternative Internet connection, using open data formats and saving them, even with another
cloud service, creating backups.

The concept and phenomenon of joint activities are actively studied by psychology and
pedagogy. When considering the concept of “joint activity”, attention is paid to two aspects: the
subject activity and the processes of forming connections between people who participate in
activities and communication. The main “unit” of the analysis of joint activities and its collective
subject is the interaction of participants in joint activities. At the heart of the dynamic concept
of joint activities is a conceptual “triangle”, which combines three areas:

• subject-oriented interaction (interaction aimed at changing the subject of joint activities);
• entity-oriented (interaction aimed at changing the characteristics of the individual subject

of joint activities);
• organizational-oriented (interaction, changing ways and style of performing activities).

Considerable attention is paid to the impact of joint activities on intellectual development,
the formation of social intelligence and social competence of the subject of education. For all
the development of the concept of “joint activities”, the organization of such activities is not
considered in terms of developing technical means that specifically support and strengthen the
joint nature of activities. In this regard, the concept of “joint network activity” develops the
concept of “joint activity”, including special network tools. Joint network activity requires its
design based on the following conditions:

• the availability of new pedagogically sound technical means of joint activities on the
Internet, which open opportunities for enriching the activities of programs, objects, data
and communications;

• the presence of new organizational forms and scenarios of educational network activities,
focused on the formation of participants in the joint activities of the social network.

3. Research results

Pedagogical practical training should be considered as a type of practical activity of students
aimed at solving various pedagogical problems. The specificity of this activity is that it identifies
with the professional activities of teachers. At the same time, pedagogical practical training is a
form of professional training in a higher education institution, the purpose of which is:

• to deepen and consolidate the theoretical knowledge that the student received at the
university, and learn to apply this knowledge in practice in educational work with
students;

• to equip students with the ability to observe and analyze the educational work carried
out at school with students;

• to prepare students for lessons with the use of methods that enhance the cognitive activity
of students;
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• to develop and consolidate in students a love for the teaching profession, to encourage
the desire to study advanced pedagogical experience and improve their pedagogical skills.

Various educational institutions and epidemiological restrictions make their adjustments in
the process of practical training. It was a good practice from time to time to gather in a higher
education institution and discuss problematic issues with classmates and methodologists, share
experiences and more. The present requires communication and common tasks at a distance.
To solve this problem it is necessary to use information and communication technologies and
means of joint activities. Cloud technologies will be useful for the implementation of the set
tasks. Using cloud technologies, we are able to establish communication and common places to
work in groups.

Tasks offered to students of educational programs 014 Secondary education (Mathematics),
(Physics), (Computer science) of the Faculty of Physics and Mathematics of Donbas State
Pedagogical University, who underwent training and production practice in general secondary
education institutions of Donetsk, Kharkiv, Luhansk and Dnipropetrovsk regions provided
for three areas of activity: the creation of joint electronic educational resources, information
visualization, organizational online platforms.

The use of presentations, even made in dynamic systems, do not provide an opportunity to
involve students in active learning. Quite different opportunities are provided by whiteboards,
thanks to which in the online format of learning the participant of the educational process takes
part in discussing problems, solving problems, etc. We selected and offered 10 cloud services to
create training material for the training session (table 1). Before the classes, the trainees had to
get acquainted with the proposed list, explore the functions and capabilities of each of these
cloud facilities and create training material for the class. For comparison, the trainees prepared
the teaching material in the form of a presentation and demonstrated it to the students, while
the students performed the tasks on paper. After the lesson, students were asked which of the
suggested options for the lesson they liked the most. The survey of the class showed that 70.0%
of the surveyed students out of 374 who took part in the survey preferred the lesson where the
“whiteboard” was used.

To visualize the information and create interactive content, the systems presented in table 2

Table 1
Whiteboard cloud services.

Name Free usage Localization Download object Embedding in systems

Padlet.com freemium Yes/Partly No Yes
Linoit.com free No No Yes
Idroo.com free No Yes Yes
Miro.com freemium No Yes Yes

Whiteboardfox.com freemium No No Yes
Jamboard.google.com free Yes Yes Yes

NoteBookCast.com free No No Yes
Conceptboard.com freemium No No Yes

Groupboard.com freemium No No Yes
Classroomscreen.com freemium No No Yes
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were studied. Visibility is one of the conditions of electronic educational resources. The
development and creation, even of static, e-learning resources is one of the tasks of e-learning.
The limited space available for inspection requires the use of presentation technologies in the
form of scrolling. Accordingly, the method of their application should change, in contrast to the
fact that students see a large paper poster. The constant use of the same patterns, design styles,
etc. in educational activities leads to a loss of visual interest in the educational material. The
use of various design styles, fonts, icons, etc. increases students’ visual activity. Each of the
proposed systems has its own unique design style. Even by creating infographics in different
systems based on common data, we get fundamentally different digital products.

Table 2
Infographics cloud services.

Name Free usage Localization Download object Embedding in systems

Easel.ly Free No Yes (wiles) Yes
Infogram.com Freemium No Yes (wiles) Yes

Canva.com Freemium Yes Yes Yes
Crello.com Free Yes Yes Yes

Genial.ly Freemium No Yes (wiles) Yes
Chartblocks.com Free No Yes Yes

Piktochart.com Freemium No Yes (wiles) Yes
Venngage.com Freemium Yes Yes Yes

Vizzlo.com Freemium No Yes (wiles) Yes
Adioma.com Freemium No Yes Yes

Practitioners faced the problem of downloading created digital objects to their own device.
At the same time, their integration into other objects created by cloud technology applications
took place without hindrance. The above applications of cloud technologies at the beginning of
their founding mostly offered their resources for free, with the growth of their popularity, most
of them switched to the financial model “Free – Premium” (Freemium), where some services are
provided on a free basis and some on a commercial basis. However, for each of the applications,
we were able to obtain a digital object created by us on our own computing device by third-party
tricky methods.

The created means of visual presentation of data were used during educational activities.
Moreover, students in computer science lessons and outside the classroom were asked to create
their own posters, charts, graphs, infographics. The study involved 362 students, of whom
235 students (about 65%) liked to create digital content of this type. The students included the
advantages – “beautiful”, “visual”, “useful”. Among the shortcomings were noted – “not clear”,
“difficult”, “I have no artistic flair”. Analyzing the answers to the shortcomings, it should be noted
that they do not have a meaningful basis, they are answers-justification of their unwillingness
to use the proposed applications of cloud services. Regarding the reasons for reluctance, the
study was not conducted due to lack of time during the internship.

We also asked the students – “What is the main thing in the application in your opinion?”.
The obtained answers are presented in figure 1. Most students (32.6%) were inclined to think
about “understandable language” used in the application. Despite the availability of cloud online
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translation services, the interface in English caused difficulties when using the application. In
second place (28.2%) was the ability to work as a mobile application, because today the number
of users through mobile systems exceeded the number of users through a stationary computer
system. In third place was the design criterion (23.5%). And although the systems that were
proposed were directly related to graphic design, the ergonomics of these systems still need
to be improved. In last place was the criterion of “available examples of work” (15.7%). In our
understanding, this is the “worst” criterion and it is gratifying that the smallest number of
students is ready to do tasks on the model, because the capabilities of the systems are sufficient
for creativity and creative presentation of information.

Figure 1: The results of a survey of students on the means of creating infographics.

The task of creating shared electronic resources was to analyze existing cloud applications
to create presentations and text documents. To do this, the use of office applications for cloud
services was proposed, which is presented in Table 3. In contrast to the previous comparison
tables, the advantages and disadvantages collected from the subjective judgments of trainees
were considered. It was in these applications that they tried to create electronic educational
resources, which were then to become open educational resources. It should be noted that while
the interns were already familiar with the Google Docs and Office Online systems, the Zoho
Office Suite and ONLYOFFICE turned out to be surprisingly interesting and useful. It was in
these office applications that interns tried to create electronic educational resources. Tasks were
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Table 3
Cloud office applications.

Name Advantages Disadvantages

Google Docs
(docs.google.com)

Free and no significant restrictions;
Convenient, non-distracting design;
Well-thought-out collaboration in
the cloud; Integration with Google
services regular innovations; Tem-
plates gallery.

Occasionally there are failures;
There is no possibility to personal-
ize the workspace (branding).

Zoho Office Suite
(zoho.com)

Extensive list of additional appli-
cations; Interesting features in the
paid version; Free version available;
Convenient work with projects
thanks to Workspaces.

Lack of localized documentation
and incomplete localization of ap-
plications; The mobile version only
works in read mode Numerous dis-
advantages of Zoho Sheet.

Office Online (of-
fice.microsoft.com
/online/)

Excellent compatibility with MS
Office formats; Responsive, stable
touch interface and convenient Rib-
bon tape; Close integration with Of-
fice 365 and Microsoft services.

Working with documents needs to
be reviewed; A small selection of
import and export formats, limited
by proprietary licenses; No auto-
matic saving, inconvenient version
control; Functional “gaps” in Excel;
Fuzzy commenting system.

ONLYOFFICE (only-
office.com)

User-friendly interface; Import doc-
uments from other services.

No spell check; Quite high rates
for individual use of the service;
There are no full screen and com-
pact modes; Documentation in En-
glish; Weak functionality of Spread-
sheet Editor and Presentation Edi-
tor.

proposed for groups of three students and the selected topics were similar in content.
After the end of pedagogical practice, a survey of students on the joint creation of open

educational resources was conducted. They were asked the following questions:

A. How do you feel about open digital content (Positive / Negative)?
B. Did you have experience of using open educational resources during pedagogical practice

(Yes / No)?
C. Have you used digital resources despite not having this action with a license agreement

(Yes / No)?
D. Are you ready to create open educational resources (Yes / No)?
E. How do you feel about the joint development of electronic educational resources (Positive

/ Negative)?
F. Is it appropriate to use unlicensed software to develop open educational resources (Yes /

No)?

58 students of the Faculty of Physics and Mathematics of Donbas State Pedagogical University
took part in the survey. The results of the survey are presented in figure 2. Questions A–C
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were related to the use of open educational resources, and questions D–F were related to their
development. We tried to determine whether students would be willing to use open educational
resources to develop them. Using the Mann – Whitney U test, we compared the responses in the
two groups (A–C) and (D–F). The results of calculations 𝑈𝑒𝑚𝑝 = 18, 𝑈0.1 = 3.0, 𝑈0.05 = 7.0
indicate the absence of significant differences between groups, and therefore students who are
willing to use open educational resources are ready to develop them.

Figure 2: The results of the survey of trainees.

The analysis of the answers tells us about one unpleasant point, which is mentioned in
questions C and F. Students do not pay much attention to the issue of licensing a digital product,
and it does not matter whether it is an electronic educational resource or software. To justify it,
it should be noted that similar surveys conducted three years ago about free software spoke of
an even worse attitude to the licensing of software.

4. Conclusions

Open educational resources are a product of the digital world, which has a huge potential
for further achievement of UNESCO’s goals in the field of education. They help countries,
institutions and teachers to share quality education and materials free of charge. They challenge
teachers to integrate digital technology into their courses and programs, and enable students to
access quality content offline. They are also an incentive for teachers, students and institutions to
work together to create original material. It is important that governments use OER opportunities
for their socio-economic development purposes. UNESCO can assist in this process by issuing
Recommendations that will encourage governments to develop strategic policies to engage OER
in the core system of their education systems, encouraging institutions to take full advantage of
this development to achieve global development goals.

The result of creating open electronic resources in the interaction of future teachers during
the internship was not only the availability of educational content, but also increasing the level
of professional competencies in ICT, collective interaction, project activities, creative thinking.
The results of the surveys indicate the need to continue this practical activity with the study of
the criteria for the effectiveness of the use of open electronic resources and their quality.
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Development of an electronic system for remote
assessment of students’ knowledge in cloud-based
learning environment
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Abstract
The system for remote assessment of knowledge automates formation of task (tickets) with questions
and tasks for conducting intermediate and final monitoring of knowledge of students is offered. In the
process of developing an electronic system for knowledge assessment, the basic requirements for a web
application and the modules that the system consists of were determined, the main roles of users in the
system and their functionality were identified, access rights were established. The technical, functional,
and non-functional features of the software product are described, web technologies for creating an
application for knowledge assessment are considered. The diagram of system sequences, the use-case
diagram, which schematically describing roles and functions of agents in an information system, the
diagram of classes of a database structure are presented with UML description. Based on the defined
requirements for the resource in cloud-based learning environment, the following technologies for its
development were chosen: the server programming language PHP, JavaScript programming language
and its libraries were used, as well as the MySQL database with PhpMyAdmin tool for administration
of chosen database management system. OpenServer software complex system was used to develop
and test the application functionality. The usage of the proposed electronic assessment system of
knowledge contributes to the formation of an open information and cloud-based learning environment
of a modern educational institution, enhances the efficiency and more rational distribution of teacher
time in preparing tests or exams, activates repetition of educational material and knowledge assimilation,
indirectly motivates students to more honest learning.
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1. Introduction

Control of students’ knowledge and skills is an important component of the cloud-based learning
environment, which should be conducted throughout the educational period. The assessment
of students’ level of knowledge depends, for example, on the motivation of students to acquire
knowledge, the desire for in-time quality performance of exercises set by the teacher. In 2020,
the governments of more than 190 countries closed their educational institutions in order to
prevent the rapid spread of COVID-19 [1]. With the changeover of educational institutions to
distance learning, the problems of timely, objective and sound assessment and monitoring of
student achievements in the digital space is becoming increasingly important and requires such
forms and methods of solution, as cloud-oriented learning systems.

2. Related work

The assessment of students’ academic achievements is understood as a system of indicators
that reflect their objective knowledge and skills, that is this process can be considered as
determining the degree of acquisition of knowledge, skills and achievements in accordance with
the requirements of the curriculum [2].

The assessment consists of such components as a score, which is an actual fixed value that
describes the level of student achievement, his skills, abilities, and may contain the teacher
judgments about the characteristics of student achievement while education period, what
disadvantages and achievements were formed during this process.

Due to the closure of university campuses and the necessity to maintain social distance,
world organizations such as UNESCO [3], the International Association of Universities [4],
the OECD Center for Educational Research and Innovation [5], OECD Education and Skills
Today [6] began to work actively on the development of solutions for the organization of online
examinations of students.

However, even before the COVID-19 pandemic, the benefits and strategic directions of using
e-assessment were discussed in the works of Alruwais et al. [7], Arend [8], Crisp [9], Guàrdia
et al. [10], Shalatska et al. [11].

Issues of analysis and assessment of student achievement during distance learning and
cloud technologies were studied in the works of Bondarchuk et al. [12], Harrison and Hutton
[13], Tomaino et al. [14], Kiv et al. [15], Kostikov et al. [16], Proskura et al. [17], Sherman
and Samchynska [18], Samchynska and Vinnyk [19, 20], Spivakovskiy et al. [21], Todeush and
Sherman [22], Vincent-Lancrin [6], Wang [23], Wijekumar et al. [24], Zaytseva [25].

OES is the complex platform – online examination system, which has been developed in
PHP script with MySQL Database [26]. This system is aimed at automated creation of tests for
the exam based on questions, which are already entered in the database. The OES platform is
capable to identify the strengths and weaknesses of the student after passing the exam tests.
The disadvantage of this system is that it supports different types of questions, so it can generate
only the tests with one or more answers.

ConductExam platform is an online examination software that includes a large combo of
software applications for web-based exam software, offline exam, computer-based test, control-
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based exam, online assessment software, and many more [27]. With this system, teachers can
add questions or tasks. The student has the opportunity to take the exam on the Internet in
accordance with the specified date, time and with the help of a registered login ID and secret
key. However, the capabilities of this platform do not include an automatic parsing of questions
from training educational materials files.

The system of online education of Kremenchug Mykhailo Ostrohradskyi National University
contains a testing system with which teachers can create courses, test tasks, conduct exams and
assess the quality of students’ knowledge [28]. Applicants for higher education can take exams
in the form of tests, communicate with teachers online and receive advice. The system supports
only test tasks.

The considered systems of knowledge assessment do not have sufficient flexibility in the for-
mation of questions and tasks of different types, the functionality does not provide information
about the results of students’ completed tasks, and does not contain an automated selection of
questions from different types of documents. Therefore, these features and capabilities need to
be considered when developing an advanced online system for knowledge assessment.

3. Research questions

In the circumstances of distance learning there appear certain difficulties and consequently
drawbacks in the assessment of educational achievements of higher education students. They
are associated with insufficiently objective and non-transparent assessment and recording of the
level of knowledge acquired by the student during the education period, insufficient attention
to the individual achievements of the student, technical difficulties in creating quality e-tickets,
tests and other control tasks.

Concerning the features of electronic assessment of higher education applicants’ achieve-
ments, ensuring its quality and objectivity require a description of the technical characteristics
of the information system, functional and non-functional parameters of the software product to
provide an online assessment of the acquired knowledge level.

The development and use of a web application for online assessment of higher education
as a part of a sophisticated system of monitoring the levels of higher education applicants’
achievements, which is being developed at Kherson State University, will help to improve the
process of assessing students’ knowledge and skills during distance learning.
The aim of the study is the development of an electronic system for assessing the level of

knowledge, which automatically generates tickets, tasks for tests, exams and other control
measures in the form of a web application for remote assessment of the level of knowledge
acquired by students.

The following research tasks were set:

1. To determine the requirements that must be met by an electronic system of remote
knowledge assessment.

2. To choose methods of generating control tasks (tickets) using web technologies.
3. To define the architecture and describe the modules of the electronic system.
4. To choose programming technologies for developing the online assessment system.
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5. To create a SQL database project based on determined system modules and to develop
the system using the PHP programming language.

4. Research results

4.1. Defining requirements for software and e-system modules

The following list of requirements has been formed for the system of online assessment of
students’ academic achievements:

• Availability of educational courses that contain certain topics and lectures. For each topic,
there is a set of control questions, tasks or tests. Tickets for exams are automatically
created based on these control materials.

• The teacher can enter questions on the discipline into the database using a special input
form, as well as upload lectures, laboratory work, guidelines, etc. The online system uses
a parser to receive questions and tasks from these files and enters them into a database.

• Using the task generator, the teacher receives tickets with tasks. To do this, the generator
receives information from the system database and in accordance with the configured
parameters creates tickets with control questions. A ticket is a form with control tasks,
designed for different types of control measures, such as tests, modular control tests, final
certification.

• The student can view the content of the disciplines he is studying. For each discipline,
which is located in the system, the applicant of higher education sees the scheduled
exams, date and time of their holding. When the time to start the exam comes, the student
receives a ticket with a specific task and can answer questions.

At the end of the time specified by the exam, the ticket with the student’s answers is sent for
verification to the online assessment system. If the ticket contains tests, the student and the
teacher receive the result of the test immediately. If the ticket contains questions that require
a detailed answer, it is sent to the teacher for re-view. After the test, the teacher gives an
assessment.

In accordance with the above requirements, the main modules of which the information
system should consist were defined. These are presented in figure 1 [22].

The “Catalog of academic disciplines” part of the system includes pages of the site, which
displays a list of academic disciplines for the student, defined by his curriculum. Each discipline
consists of a number of modules, these modules consist of a number of study topics, which
in turn contain questions. The teacher inputs questions into the database himself using the
form on the system page. The teacher can upload to the system such educational materials
as lectures, practical works or a list of control questions. After this, the system automatically
enters questions from these files into the database. In the future, these materials are used to
generate tickets with questions or tasks for the test, credit test or exam.

The student can overview the files of lectures or other educational materials in the content of
the discipline, as well as see the date when the exam will be held. During the exam, the student
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Figure 1: The modules of e-assessment system of students’ knowledge.

proceeds to the control tasks which he received in the ticket. A list of control questions for the
student is not available until the beginning of the exam.

The “Generation of control tasks” part of the system includes the function of creating tickets
with different types of tasks, in particular with questions that require an open answer, as well as
tests with the choice of one or more correct answers. On the page with the list of disciplines, the
teacher chooses academic discipline and moves to the page of the website containing educational
subject topics. The function of creating an exam is available for the teacher. The ticket generator
works according to the parameters specified by the teacher in the modal window of presets. The
teacher sets the date and time of the test, chooses the type of exam (individual work, modular
test, modular test or exam), sets the duration of the exam, specifies the number of test questions
and points for the correct answer. After selecting the required parameters, the system generates
the appropriate ticket with the task. The teacher can also add any question to the ticket and
assess the answer.

The “Execution of control tasks” part of the system provides functionality to the process of
passing the exam. The student with access to the exam, provided by the teacher, receives a
ticket generated by the system and begins to pass the test. A list of different types of questions
reveals. Upon accomplishing the ticket tasks, the completed form with answers is sent to the
server, where the answers are processed. If the ticket contains only test questions, the system
immediately provides a result on the correctness of the answers. If the ticket contains questions
that require a written answer, the system sends a ticket with the answers to the teacher for
verification. The sequence of actions for passing the exam within the information system of
assessment is presented in figure 2.

The “Assessment of results” part of the system provides functionality to the process of
checking the form of control passed by the student and providing results to the teacher and the
student in the form of a PDF file. If the higher education applicant does not pass the exam, this
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Figure 2: Diagram of actions of passing the exam by the student within the information assessment
system.

feature will be unavailable and he will need to take the exam again. The student can review the
questions, answers and analyze the result, seeing which questions were answered correctly or
incorrectly. The teacher receives the results of the student’s control measure in order to analyze
the level of student achievement, to determine which topics need to be finalized. According to
the results, the teacher assesses the exam.

In the “Statistics / Reports” part of the system, the processing of the general statistical
information of educational achievements of the higher education applicant on disciplines takes
place and also based on all points for educational disciplines the general rating of success of
students is formed. The student has an opportunity to view a list of their subjects, current and
final marks in the form of a record book.

The “User Management / Access Control” part of the system provides functionality to manage
user rights. The features for each user are defined, as well as the level of access to certain
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data. A teacher can review his own academic disciplines, make changes to the uploaded files
of educational materials, edit the points which are given to a certain student in discipline but
cannot amend the disciplines of other teachers. The student cannot modify the content of their
subjects or the results of assessing the levels of their academic achievements. The administrator
can edit the roles of system users, make changes to the database, perform general system
management.

The sequence of actions in the proposed system is presented in figure 3.

Figure 3: Sequence diagram of the e-assessment system.

4.2. Establishing roles and their functions in the assessment system

An electronic system for remote assessment created in the form of a web application is basically
a website with the following functionality:

• registration of students and teachers;
• generation of tickets with control questions or tests from documents prepared by teachers

and uploaded to this web resource;
• passing exams or other control measures within the higher education system;
• providing detailed results on passing the exam (test) by the student;
• formation of a students’ rating based on assessments of levels of their knowledge on

educational disciplines.

Within the developed e-assessment system, three roles were defined: system administrator,
teacher and student. The roles of the system and their functions are shown in the form of a
use-case UML diagram (figure 4).

The administrator in the electronic assessment system obtains the following functions:
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Figure 4: Users roles within e-assessment system and their functions.

• development and maintenance of a web resource, improvement and updating its current
structure;

• technical support and security control of the website;
• updating and editing the content of the site, order materials for the site through outsourc-

ing, if necessary;
• feedback from the web resource users;
• control of the correct functioning of the site, tracking its availability for users on the

network.

The teacher has the following functions within the e-assessment system:

• organization and support of the learning process;
• monitoring of the success training program completion in accordance with the curriculum;
• providing feedback to students;
• uploading of educational materials and tasks to the web resource in the form of tests or

questions with detailed answers.
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The student within the system of remote assessment has the opportunity to receive tick-
ets with control tasks, execute the proposed tasks, and review statistical information on the
discipline he/she is studying.

4.3. Choice of technologies for a software development

The choice of programming technologies for the developed assessment system was made due
to some specialties: it will store information about students, teachers, files with educational
materials, as well as user interaction with this information. At this stage of system development,
you need to choose the technology for database management, the programming language to
execute the logic and functionality of the program, as well as the technology for displaying this
data. Also, a platform for testing the web resource is chosen.

The OpenServer software complex was chosen as the platform for developing and testing
web applications [29]. The architecture of the location of the catalogs of the software complex
implies a clear separation of two different types of data: variable user data (settings, temporary
files, logs, etc.) and immutable service data (modules, programs, service files) [29]. In particular,
the developed information system uses the following rules: in the modules folder the data never
changes, here the standard libraries of the software complex, modules and settings are stored,
and in the domains and user data folders, there is information that the software developer can
change in accordance with website requirements and configuration.

In the process of developing an electronic assessment system, SQL technology was used for
the MySQL database management system in the PhpMyAdmin web application. The Structured
Query Language or SQL is a language for executing database queries, which is also used to
manage and update databases [30].

The creation of the basic functionality for the e-assessment system was performed using the
server-side programming language PHP. The main purpose of this programming language is to
create scripts for web pages, as well as programming commands that run on server side. All
operating systems, which support the web server maintenance, support PHP.

To build the structure of the website pages, HTML and the JavaScript programming language
jQuery library were used, as well as the technology of accessing the server without reloading
the page to update Ajax data, which is organized using JavaScript. Using Ajax helps us to avoid
page reloading after each request sent to API, i.e. increases the system efficiency and improves
overall user impression on interaction with the website [31].

PHPWord is a library written in pure PHP that provides a set of classes to write to and read
from different document file formats. Using a software product such as PHPWord is required to
read data from Word files.

MySQL technology was used to store system information and data. The language of structured
queries is the standard language for executing queries, updating relational databases and
managing them. SQL does not determine the sequence, but the result of some operations [30].

4.4. Development of the database structure of the e-assessment system

The structure of the database, designed during the creation of the remote assessment system
and developed with the PhpMyAdmin environment using the MySQL data-base management
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system, is shown in figure 5.

Figure 5: Users roles within e-assessment system and their functions.

Database tables of the developed electronic assessment system:

• Faculty-tb – a table with the names of the faculties of the higher education institution.
• Specialty-tb – a table with the names of the specialties of the faculty.
• Specialization-tb – a table, which contains the names of specializations of the university.
• Group-of-students-tb – a table with numbers of students’ academic groups.
• Record-book-tb – a table with basic students’ data.
• Teacher-tb – a table with basic teachers’ data.
• Discipline-of-spec-tb – a table, which contains academic disciplines of the educational

institution.
• Discipline-tb – a table with disciplines related to a particular specialization.
• Task-tb – a table, which contains control questions and tasks.
• Test-tb – a table containing tickets with questions and tasks.
• Survey-question-tb – a table with control tasks or questions related to a specific ticket.
• Module-tb – a table, which contains the ordinal numbers of the constituent educational

materials of the disciplines.
• Topic-of-lesson-tb – a table with the topics of lecture materials.
• Question – a table that contains test questions for each lecture, practical work, case study

or collection of educational materials.
• Answer-of-question – a table with the answers to the control questions are stored.
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Thus, in accordance with the requirements for the application, a database was designed and
developed for the electronic assessment system using PHPMyAdmin and the MySQL database
management system.

4.5. Implementation of the electronic assessment system functionality

To use the electronic evaluation system and view its web pages, user must register and authorize.
Registration is conducted for teachers and students. An email is sent to confirm registration for
security purposes. After confirming the registration, a corresponding account is created.

After authorization, the student in the “Personal Profile” tab can see a table that contains
information about his faculty, specialty, course, group and email. In the “Disciplines” tab, the
student can see the list of disciplines and the average score in these subjects, which calculated
of current points.

In the “Catalog of academic disciplines” module, depending on the user role, the teacher can
see only his disciplines and the student has access to the disciplines, which are available in
accordance with the curriculum.

In the “Generation of control tasks” module in the discipline, the teacher can create a control
measure, such as an exam or test, plan the date and time of its conduct, select the training
modules, which would be assessed during the control measure. The teacher specifies the
required number of questions in the form of tests, points for the correct answers, number of
questions which requiring a detailed answer. The created exam (figure 6) is inserted into the
Task table.

Figure 6: Page of the e-assessment system with the created exam.

The list of questions is retrieved from the Question table, to which the teacher can input
questions manually or the system adds them automatically from the files of educational materials
(lectures, practical work, etc.). Number of questions and tasks that require a detailed answer is
defined in accordance with the parameters set in the settings menu. If there are not enough
questions of a particular type in the database, the web system will create a ticket with the
possibility for the teacher to add tasks to the ticket later. The ticket generator creates a ticket
and inserts it into the Test-tb table, questions are inserted into the Survey-question-tb table.

The teacher can view the generated ticket, add or delete questions. The ticket created in the
system is presented in figure 7.
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Figure 7: Generated ticket with questions in the e-assessment system.

In the “Task execution” module of the electronic assessment system, the higher education
applicant gets access (previously provided by the teacher) to the exam at the time set when
creating the exam and gets the opportunity to take a test, answering the ticket questions. The
student studying a certain discipline receives a question from the table Survey-question-tb.

After answering the questions and taking the exam (or other tests), the student has the
opportunity to download a PDF file that displays statistical information about the exam: question
number, the text of the question or task, answer options, the option chosen by the applicant,
the number of points for answers, as well as the final assessment for the exam.

The system sends questions that require a detailed answer as a form with answers after the
exam to the teacher for verification. The rating of higher education applicants consists of the
points they receive while determining the levels of their knowledge within a 100-point scale.

Thus, a system for assessing the levels of acquired knowledge of higher education applicants
was developed, the interaction of modules which generate and process the information, with
database tables, which contain that information aimed at assessing and monitoring students’
academic achievements, was set up.

4.6. Approbation of the developed system for remote assessment of
knowledge

The developed system for remote assessment of knowledge was used as part of the system
for monitoring the levels of academic achievement of higher education applicants at Kherson
State University for Master qualification level of “Software Engineering”, “ Computer Science”,
“ Information Systems and Technologies” specialties. The electronic assessment system was
used to control the level of acquired knowledge of students at full-time and part-time education
forms in the total number of 39 people in the “IT Governance” discipline in 2019-2021 academic
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year at the Faculty of Computer Science, Physics and Mathematics of Kherson State University.
Students were offered a final test in the “IT Governance”, the tasks for which were generated by
the proposed electronic assessment system, access to the system is presented on the KSUOnline
distance learning platform of Kherson State University as part of the “IT Governance” distance
course (figure 8).

Figure 8: Using the electronic assessment system to control the knowledge of students as part of the
“IT Governance” distance learning course in the KSUOnline of Kherson State University.

The usage of the proposed electronic assessment system of knowledge contributes to the
formation of an open information and educational environment of a modern educational
institution, enhances the efficiency and more rational distribution of teacher time in preparing
tests or exams, activates repetition of educational material and knowledge assimilation, indirectly
motivates them to more honest learning through the ability to compare their own academic
achievements with similar indicators of other applicants for higher education.

302



5. Concluding remarks and future work

The conducted researches allow us to formulate certain results and to target directions of
further developments in the field of higher education in the conditions of modern challenges. In
particular, the expediency of development of the electronic system for assessment of students’
knowledge was justified to ensure the efficiency and quality of learning, notedly in the context
of distance learning.

The system of remote monitoring of knowledge which automates the formation of tickets
with questions and tasks for conducting control measures, examinations is offered.

In the process of developing an electronic system for knowledge assessment, the basic
requirements for a web application and the modules that the system consists of were determined,
the main roles of users in the system and their functionality were identified, access rights were
established. The technical, functional, and non-functional features of the software product
are described, web technologies for creating an application for knowledge assessment are
considered. The diagram of system sequences, the use-case diagram, which schematically
describing roles and functions of agents in an information system, the diagram of classes of a
database structure are presented with UML description.

Based on the defined requirements for the web resource, the following technologies for its
development were chosen: the server programming language PHP, JavaScript programming
language and its libraries were used, as well as the MySQL database with PhpMyAdmin tool for
administration of chosen database management system. OpenServer software complex system
was used to develop and test the application functionality.

The vector of further scientific development should be aimed at the formation of methodology
and software for a common database for a group of higher education institutions on control
tasks and tickets, which will provide greater objectivity, transparency and diversity of methods
for assessing students’ knowledge. Also, further research should focus on the integration of the
electronic journal into the developed electronic system, which will allow forming a ranking of
the success of higher education applicants.
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Abstract
The study proves relevance of specialized software use to solve problems of emergencies prevention of
radioactive liquids spills to teach students and graduate students. Main assessment criteria of accidents
at radiation-hazardous objects associated with radioactive liquids spillage is identified. A model of
radioactive substances transport in emergency rooms is developed. It takes into account physical features
of radioactive liquid spill from the source, air pollution during transition of radioactive liquid from the
spill surface into the air and subsequent scattering in the emergency room under influence of local
air flows. It is determined that the existing software tools for radiation exposure assessment do not
comprehensively cover features of such events and possess number of shortcomings regarding accidents
modeling with spillage of radioactive liquids indoors. Computer modeling and forecasting examples
for hypothetical event related to liquid radioactive spill in the JRODOS system are presented. The
training process of future specialists, specialties 183 “Environmental Protection Technologies”, 143
“Nuclear Energy”, 103 “Earth Sciences”, and 122 “Computer Science” should be based on application of
powerful scientific and methodological training base using modern achievements in the field of digital
technologies. It is advisable to supplement curricula for students‘ and postgraduate students’ preparation
in the mentioned above specialties by studying issues related to: development of mathematical models
and software for solving problems of emergencies prevention in case of radioactive liquids spills; usage
of features of specialized decision software of emergencies prevention during spills of radioactive liquids.

Keywords
computer simulation, specialized information system, mathematical modelling, emergencies prediction,
radioactive liquids, training of students, graduate students
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1. Introduction

Nuclear energy has provided a significant share of Ukraine’s total electricity production for
many decades. So, stable operation of nuclear energy is a necessary condition for continued
economic development of the country. Today in Ukraine there are main directions of theory
and practice of safe operation ensuring of nuclear power plants (NPPs) that addresses complex
issues of minimizing risk levels. There is a need for more realistic and accurate modeling of
hazardous events at NPPs related to normal operation (events, frequency of implementation)
which may exceed value of 0.01, 1/year) due to conduct of probabilistic safety analysis for
Ukrainian NPP units and introducing of NRBU-97/D-2000 requirements for potential exposure
of population in recent decades. Such events included accidents involving spillage of liquid
radioactive material (LRM) after a probabilistic safety analysis. One of representative events
related to radioactive heavy water spill took place at the Pakistani Karachi NPP (power unit
No. 1) in 2017. Four people were irradiated as a result of the spill localization. The effective
radiation dose of one of the liquidators reached a value of almost 40 mSv, which is 2 times
higher than the set limit dose for personnel in Pakistan. This event was classified as the 2nd
level according to the International Nuclear Event Scale (INES) according to the investigation
results. Events of this type also took place in Ukraine. Insufficient level of staff skills and lack of
readiness to eliminate emergencies of radioactive liquids spillage fast leads to emergencies and
huge material costs for energy supply restoration [1].

Nuclear power workers should have skills to use digital technologies which help in modeling
and prediction of systemic accidents conditions at radiation-hazardous facilities. Ability to
apply these technologies is important for further professional activity. Given that digital
technologies are constantly improving and new management systems are developing. It is
important to familiarize training staff with the latest developments, systems, software and
experience-exchange to apply these tools in further professional activities.

LRM spills are also possible at the Chornobyl Liquid Radioactive Waste Processing Plant, at

CTE 2021: 9th Workshop on Cloud Technologies in Education, December 17, 2021, Kryvyi Rih, Ukraine
" sasha.popov1982@gmail.com (O. O. Popov); uo_kyrylenko@sstc.ua (Y. O. Kyrylenko); kamenevaip@gmail.com
(I. P. Kameneva); anna13.00.10@gmail.com (A. V. Iatsyshyn); iatsyshyn.andriy@gmail.com (A. V. Iatsyshyn);
valeriiakovach@gmail.com (V. O. Kovach); ak24avo@gmail.com (V. O. Artemchuk); deeescu@gmail.com
(V. N. Bliznyuk); kiv.arnold20@gmail.com (A. E. Kiv)
~ https://www.nas.gov.ua/EN/PersonalSite/Pages/Contacts.aspx?PersonID=0000010803 (O. O. Popov);
https://www2.scopus.com/authid/detail.uri?authorId=57208404766 (Y. O. Kyrylenko);
https://www.nas.gov.ua/EN/PersonalSite/Pages/default.aspx?PersonID=0000005199 (I. P. Kameneva);
https://www.nas.gov.ua/EN/PersonalSite/Pages/default.aspx?PersonID=0000030359 (A. V. Iatsyshyn);
https://www.nas.gov.ua/EN/PersonalSite/Pages/default.aspx?PersonID=0000015808 (A. V. Iatsyshyn);
https://www.nas.gov.ua/EN/PersonalSite/Pages/default.aspx?PersonID=0000005869 (V. O. Kovach);
https://www.nas.gov.ua/EN/PersonalSite/Pages/default.aspx?PersonID=0000000337 (V. O. Artemchuk);
https://www.scopus.com/authid/detail.uri?authorId=7006587198 (V. N. Bliznyuk);
https://ieeexplore.ieee.org/author/37087598865 (A. E. Kiv)
� 0000-0002-5065-3822 (O. O. Popov); 0000-0003-3493-201X (Y. O. Kyrylenko); 0000-0003-2659-4487
(I. P. Kameneva); 0000-0001-8011-5956 (A. V. Iatsyshyn); 0000-0001-5508-7017 (A. V. Iatsyshyn); 0000-0002-1014-8979
(V. O. Kovach); 0000-0001-8819-4564 (V. O. Artemchuk); 0000-0002-3883-6941 (V. N. Bliznyuk); 0000-0002-0991-2343
(A. E. Kiv)

© 2020 Copyright for this paper by its authors.
Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).

CEUR
Workshop
Proceedings

http://ceur-ws.org
ISSN 1613-0073 CEUR Workshop Proceedings (CEUR-WS.org)

307

mailto:sasha.popov1982@gmail.com
mailto:uo_kyrylenko@sstc.ua
mailto:kamenevaip@gmail.com
mailto:anna13.00.10@gmail.com
mailto:iatsyshyn.andriy@gmail.com
mailto:valeriiakovach@gmail.com
mailto:ak24avo@gmail.com
mailto:deeescu@gmail.com
mailto:kiv.arnold20@gmail.com
https://www.nas.gov.ua/EN/PersonalSite/Pages/Contacts.aspx?PersonID=0000010803
https://www2.scopus.com/authid/detail.uri?authorId=57208404766
https://www.nas.gov.ua/EN/PersonalSite/Pages/default.aspx?PersonID=0000005199
https://www.nas.gov.ua/EN/PersonalSite/Pages/default.aspx?PersonID=0000030359
https://www.nas.gov.ua/EN/PersonalSite/Pages/default.aspx?PersonID=0000015808
https://www.nas.gov.ua/EN/PersonalSite/Pages/default.aspx?PersonID=0000005869
https://www.nas.gov.ua/EN/PersonalSite/Pages/default.aspx?PersonID=0000000337
https://www.scopus.com/authid/detail.uri?authorId=7006587198
https://ieeexplore.ieee.org/author/37087598865
https://orcid.org/0000-0002-5065-3822
https://orcid.org/0000-0003-3493-201X
https://orcid.org/0000-0003-2659-4487
https://orcid.org/0000-0001-8011-5956
https://orcid.org/0000-0001-5508-7017
https://orcid.org/0000-0002-1014-8979
https://orcid.org/0000-0001-8819-4564
https://orcid.org/0000-0002-3883-6941
https://orcid.org/0000-0002-0991-2343
https://creativecommons.org/licenses/by/4.0
http://ceur-ws.org
http://ceur-ws.org


oncology hospitals that use radioisotopes to treat patients, at uranium mining and uranium
processing facilities, during transportation of liquid radioactive waste etc.

Thus, the urgent tasks are the following:

1) for scientists and experts – to improve the enterprises and organizations safety with risk of
LRM spillage by developing mathematical and software solutions to prevent emergencies of
this type;

2) for scientific and pedagogical workers – to update educational-professional and educational-
scientific training programs for future specialists in Earth sciences, computer science, nuclear
energy, and environmental protection technologies on development of mathematical and
software tools ensuring solution of emergency prevention problems during LRM spills.

Various aspects of digital technologies use to prevent emergencies are discussed in publica-
tions [2, 3, 4, 5, 6]. Specialized software for computer modeling of various processes is described
in works [7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18]. Analysis of foreign and domestic accidents
and incidents with LRM spills [1, 19, 20, 21] shows that problem of radiation emissions impact
estimation in such accidents remains relevant and needs further research. Existing mathematical
and computer tools for radiation exposure assessment (MELCOR, CONTAIN, MAAP, etc.) do not
comprehensively cover features of such dangerous events and possess number of shortcomings
in modeling of accidents with LRM spills.

Peculiarities of future specialists training in Earth sciences, computer science, and environ-
mental protection technologies were the subject of research in [22, 23, 24, 25, 26, 18, 27, 28,
29, 30, 31, 32]. However, the problem of specialized software usage for solving problems of
emergency prevention (for example, the LRM spill) in training of students and graduate students
is not sufficiently considered. Therefore it is relevant and needs further research.

The research aim – to investigate peculiarities of mathematical and software tools development
for solving problems of emergency prevention in case of LRM spills and to describe 7 directions
of this software application during preparation of students and graduate students majoring
in environmental sciences, Earth sciences, computer science, nuclear energy, environmental
protection technology.

The research tasks are:

1) analysis of incidents with LRM spills;
2) description of features of development of mathematical and software tools for solving

problems of emergency prevention during LRM spills;
3) showing examples of computer modeling of atmospheric dispersion and effective dose by

using system JRODOS.

2. Research results

In accordance with the probabilistic safety analysis for Ukrainian NPP units and the radiation
safety standard NRBU-97/D-2000 requirements for potential public exposure, there is a need
for more realistic and precise modeling of events at NPPs related to abnormal operation the
frequency of which may exceed the value of 0.01 1/year). After conducting a probabilistic safety
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analysis, such events include accidents involving the spills of radioactive liquids at the area of
facilities.

LRM are liquid solutions, which include impurities of radioactive elements (possible bounds
in high-molecular complexes). The isotopic composition of LRM is determined primarily by the
source of radioactive impurities. The main sources of LRM at nuclear power plants and nuclear
complexes are as follows: primary coolant that is discharged for operational reasons; water that
is used to backflush filters and ion exchangers; floor drains that collect water that has leaked
from the active liquid systems and fluids from the decontamination of the plant and fuel flasks;
leaks of secondary coolant; laundries and changing room showers; and chemistry laboratories.

According to INES [33], accidents involving spills of radioactive liquids, depending on the
magnitude of the release and the corresponding radiation effects, can be assigned different
levels of danger (from level 0 “Event with a deviation below the scale" to 7 “Major accident”).
This approach reflects the design features of heat dissipation from the core of reactors operating
on liquid coolant. During the severe accident with melting of the reactor core, the products of
nuclear fuel fission come into direct contact with the liquid coolant and water of the emergency
cooling systems, which will lead to further formation of radioactive liquids. Neutron activation
of the coolant during the campaign at the reactor units also makes a significant contribution to
the atmospheric release activity. In both, the first and the second case, the activity of the liquids
represents a small part of the total release activity. Therefore, when assessing the consequences
of severe accidents, the source term associated with evaporation of liquid spills is often neglected.
However, if the accident involves the release solely from the evaporation from open surfaces,
depending on the concentration of radionuclides in the liquid and the conditions of the accident,
the release can pose a significant threat to personnel, public and environment.

2.1. Events related to spill of radioactive liquids

In previous publications, we analysed and systematized accidents with the spills of radioactive
liquids. The place and year of the accident or incident, the level on the INES scale are indicated
and a brief description of the event is given. It should be noted the low number of official reports
on the radiation consequences of accidents and incidents related to the spillage of radioactive
liquids.

As an example, in 2010 at the Ignalina NPP [34] there was a spill of about 300 tons of
radioactive decontamination solution. Figure 1 shows the pictures of this incident. For this
event, no official information on the results of dosimetric monitoring at the NPP site, as well
as the classification according to the INES scale, was provided. Figure 2 presents the author’s
infographics of incidents with LRM spills at Ukrainian NPPs.

2.2. Mathematical model of radioactive substances transfer in emergency
rooms

Figure 3 schematically shows processes that occur after incident with spill of LRM in the rooms
of radiation-hazardous object.

Modeling of the LRM Evaporation. To solve the problem of unsteady LRM evaporation, four
balance differential equations (1) were written to relate the main parameters of LRM and air
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Figure 1: Photos of the accident with the spill of radioactive decontamination solution at the Ignalina
NPP (Lithuania, 2010): view of the broken pipeline (a), general view of the spill part (b) [34].

Figure 2: Infographics of LRM spill accidents at Ukrainian NPPs.

space of area over time:
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Figure 3: Conceptual scheme of air pollution after incident with spill of LRM in the rooms of radiation-
hazardous object.

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩
𝑑𝑚𝑤
𝑑𝑡 = −𝛽𝑠𝑤(𝑝𝑠𝑤 − 𝑝𝑚)𝑆 −𝐺𝑑

𝑑𝑚𝑎
𝑑𝑡 = 𝛽𝑠𝑤(𝑝𝑠𝑤 − 𝑝𝑚)𝑆 −𝐺𝑉
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𝑑𝑡 = 𝐺𝑉
𝑚𝑎
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𝑑𝑇𝑤
𝑑𝑡 =

𝑟𝑤𝛽𝑠𝑤(𝑝𝑠𝑤−𝑝𝑚)𝑆+𝑘𝐹 (𝑇𝑊−𝑇𝑓 )
𝑐𝑝𝑚𝑤

,

(1)

where 𝑚𝑎 – current mass of SARM in air of the area, 𝑘𝑔;
𝐺𝑑 – flowrate of LRM through the drainage channel (it also includes the volume of LRM

leakage from the area), 𝑘𝑔/𝑠;
𝑉 – air volume in the area, 𝑚3;
𝐺𝑉 – flowrate of involved air of forced ventilation (this parameter includes SARM leakage

through the gaps or clearances in walls of the emergency area), 𝑚3/𝑠;
Ψ – coefficient of filtration (efficiency of filtration);
𝑚𝑞 – mass of released SARM into the atmosphere, 𝑘𝑔.
This system of nonlinear differential equations includes polynomial functions. Using the

Mathcad sphere for solving the system of equations (1) provides the desired functions in matrix
form (the values of the functions at particular moments of accident).

Average activity concentration of the radionuclide in the area air 𝐴𝑎𝑖𝑟 (𝐵𝑞/𝑚3) is given by
the formula

𝐴𝑎𝑖𝑟 =
𝐴𝑤

𝑉
𝐻𝑚𝑎, (2)

where 𝐴𝑤 – concentration of radionuclide in LRM, 𝐵𝑞/𝑘𝑔;
𝐻 – fraction of carried away solute with solvent vapors during evaporation.
The ultimate objective of the model is to determine the dynamics of LRM evaporation, SARM

activity in the air space and the integral release of radioactive substances into the atmosphere.
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Table 1
Modelling results and monitoring data.

Personnel
member No

Effective dose received during re-
sponse, 𝑚𝑆𝑣

Actual effective dose
𝐷𝑒𝑓𝑓 ,𝑚𝑆𝑣

Ratio 𝑘𝑚𝑎𝑥

1 6.9. . . 43.0 20.8(+-30%) 2.07
2 9.3. . . 57.6 24.2(+-30%) 2.38
3 11.4. . . 71.0 30.9(+-30%) 2.30
4 12.6. . . 78.7 36.2(+-30%) 2.17

The mass fraction of a radionuclide in the release relative to its original content in radioactive
liquid is commonly used in practice:

𝑞 =
𝐴𝑤

𝑚0
𝐻𝑚𝑞100%, (3)

where 𝑚0 – initial mass of LRM, 𝑘𝑔.
This value is used as an input parameter for the assessment of doses to the public from

atmospheric release.

2.3. Model testing

To confirm the effectiveness and accuracy of the modelling, a partial testing was performed
at an example of real event that occurred at the Pakistani nuclear power plant in Karachi in
2017: overexposure of 4 staff members as a result of the accident. Reconstruction of irradiation
doses was performed using the developed model and compared with the actual value of the
dose accumulated by the liquidators during the works (table 1, figure 4).

According to the results of testing, the following is highlighted: the actual data are included in
the calculated ranges of the effective dose, which is acceptable; the pessimistic estimate exceeded
the actual measurement data by ~2.0-2.3 times (ratio 𝑘𝑚𝑎𝑥 in table 1), which is acceptable; the
development can be used as a tool for the reconstruction of exposure doses. However, further
testing of the source term model are required.

2.4. Application of the model

Results of source term model can used as initial data to provide atmospheric dispersion mod-
elling results and dose projection for the hypothetical event associated with the spill of liquid
radioactive material. The example of such calculation in JRODOS system are shown in figures 5,
6.

Presented calculations were done using local scale model chain of JRODOS system. Total
amount of activity released into the atmosphere (primarily 60𝐶𝑜 and 137𝐶𝑠) has been assumed
about 2.5 𝐺𝐵𝑞. Hourly resulted source term was used as input data to provide the results on
near ground air concentration. Meteorological data in NetCDF format was provided as WRF
results with 0.05° spatial resolution and selected from previous several years numerical weather
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Figure 4: Modelling results and monitoring data.

Figure 5: JRODOS atmospheric dispersion modelling results: air concentration near ground, time-
integrated using LASAT model (a), total aerosol deposition using DEPOM model (b).

data. All results of radioactive material spreading as well as dose assessment were performed
on the least calculation grid size 20 𝑘𝑚.

For selected hypothetical scenario, 1-year effective doses at 2.5 𝑘𝑚 (size of sanitary protection
zone around Ukrainian NPPs) do not exceed 3 𝜇𝑆𝑣 that is lower than established annual level
for public 40 𝜇𝑆𝑣. According to the results, on-site values for 137𝐶𝑠 deposition can be around
1.5 𝐵𝑞/𝑚2 (dry weather). Ground contamination is foremost limited by the NPP site and near
range.

Practice of an application shows the source term model can serve as an useful tool to provide
initial data for radiological consequence calculations. However, it depends on context of
application and leave a place for further sensitivity analysis and model chains improvement.
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Figure 6: JRODOS dose projection results 1-year effective dose from all exposure pathways except
ingestion (child).

2.5. Software for solving problems of emergency planning

In frame of FASTNET project experience of more than 20 countries was analyzed. The main
output of the project is an investigation in the area of qualitative characteristic of source term –
resolution in time. Taking into account spatial and temporal resolution of numerical weather
predictions used in Europe countries, FASTNET group recommend the use of 15-min intervals
in source term.

Practice of regular calculations demonstrates significant uncertainties in conjunction “source
term – NWP-data”. Under unstable meteorological condition with complex patterns of integrated
concentrations, using of more than 15-min. source term intervals can lead to crusual impact on
radiological consequences results.

Today JRODOS users can operate pre-estimated source terms data. Source term library filling
can be specified by requirements to source term files taking into account meteorology data
resolution.

Uncertainties of the source term on the prediction of atmospheric dispersion of released
radioactivity involve both the amounts of radionuclides released and the temporal evolution
of the release. Furthermore, the combined uncertainties of atmospheric dispersion model
forecasting stemming from both the source term and the meteorological data are examined in
[22].

In AVESOME project, a methodology is developed which can handle both a few-member
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source-term ensemble and a large ensemble spanning all possible releases. The AVESOME
methodology will work well with the Rapid Source Term Prediction (RASTEP) system, which
provides a set of possible source terms with associated probabilities based on pre-calculated
source terms. The methods, which are being developed in AVESOME, allows for efficient real-
time calculations by making use of scaling properties in the equations governing the release and
the atmospheric dispersion of radionuclides. Accordingly, the computer-resource demanding
calculations should be carried out at the high-performance computing (HPC) facilities available
e.g. at national meteorological services, whereas less demanding post-processing should be
carried out at the computer hosting the DSS.

A protocol is suggested for interactive communication between the DSS and the HPC fa-
cility enabling the requests from the DSS user for long-range atmospheric dispersion model
calculations. It is based on an existing operational protocol extended with the capability of
simultaneous handling of a number of source-term descriptions, including a full source-term
ensemble.

Based on the results of the mathematical model with a view to further determination of
radiological impact on the workers, public and the environment the environment can be used
analytical methods and software tools:

• RODOS: ADM RIMPUFF with 10-min. time step + FDMT [12];
• RASCAL (INTERRAS) [11], HOTSPOT [7] ;
• ARGOS: complex terrain ADM, dose projection module (any other DSS);
• simplified gaussian models;
• sophisticated models for short range (CFD-, LES-modeling);
• NRC MACCS code (probabilistic tool) [15];
• GENII, RESRAD, PAVAN, ARCON 96, XOQDOQ (RAMP family) [13]; etc.

Worker’s exposure (internal) can be assessed using analytical base and methods (NRC, ICRP,
UNSCEAR [13]); dose conversion factors FGR-11/13, EPA [13]; analytic base of organization
such as NRC, EPA, ICRP, and skin dose assessment in VARSKIN code; MICROSHIELD, ISOCSR
to calculate dose from equipment and spill domain.

2.6. Features of future specialists training for nuclear energy industry

Experience of nuclear power units operating, the Chernobyl disaster, the tragic events at the
Fukushima-1 nuclear power plant indicated the need to pay attention to safety issues and adhere
to the principles of its culture at nuclear facilities. This can be achieved only with personnel
qualitative training for nuclear energy industry. Currently in Ukraine there are 9 institutions of
higher education that educate specialists for work in nuclear energy sector: National Technical
University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Lviv Polytechnic National
University, National Technical University “Kharkiv Polytechnic Institute”, Odessa National
Polytechnic University, Taras Shevchenko National University of Kyiv, Vinnytsia National
Technical University, National University of Water and Environmental Engineering, Ukrainian
State University of Chemical Technology, Kyiv Energy College. RNPP Vocational School also
prepares specialists for work at nuclear power plants [35].
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The Standard of Higher Education of Ukraine in the specialty 143 “Nuclear energy” [36] of
bachelor’s level was developed taking into account the needs of vocational education (approved
and put into effect by the Order of the Ministry of Education and Science of Ukraine No. 964 of
July 10, 2019). Also the National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute” for the first time recruited for the master’s program “Physical Protection, Accounting
and Control of Nuclear Materials” in the specialty 143 “Nuclear energy” in 2019. Term of study
for Master degree is 1 year 6 months. Educational and professional training program meets
requirements of current national legislation and recommendations of the International Atomic
Energy Agency.

Students of specialty 143 “Nuclear Energy” have an opportunity to learn not only basics of
nuclear and information safety and design of physical protection systems. They are also able
to assess vulnerabilities and identify threats, develop regulations, prevent measures, manage
emergencies and crisis situations. Training is conducted by highly professional teaching staff,
including practitioners, specialists who completed internships at the University of Texas at
Austin, Sandia National Laboratories and participated in training courses at the International
Atomic Energy Agency. Also, students learn to operate nuclear power plants. They are engaged
in of neutron-physical modeling and thermohydraulic processes in NPP equipment. The students
solve problems of reliability and safety of NPPs. The graduates have exclusive right to obtain a
license to operate nuclear power plants. They can hold positions from NPP engineer to CEO or
work in other industry enterprises [35]. In February 2021, the first graduation of masters in
the specialty 143 “Nuclear Energy” took place. Of course, specialists at various specialties and
fields of knowledge (technical, chemical, ecological, biological, engineering) are required for
work at NPPs.

The Standard of higher education for the master’s level of knowledge 18 “Production and
technology” in the specialty 183 “Environmental technologies” determined that the main pur-
pose of training is: formation of professional competencies necessary for innovative research
and production activities for development and implementation of modern technologies for
environmental protection.

The publication authors analyzed the Standard of Higher Education for specialty 183 “En-
vironmental Protection Technologies” [37] and identified number of competencies of future
professionals to use specialized software for solution of emergency prevention problems during
spills of radioactive liquids. Also, the Standard of Higher Education for the master’s level in
the field of knowledge 12 “Information Technology”, specialty 122 “Computer science” [38]
was analyzed. Number of future professionals competencies to develop, maintain and improve
specialized software for solving problems of emergency prevention in case of spills of radioactive
liquids, they include (special (professional) competencies) were defined:

• specialty 183 “Environmental protection technologies”

K04. Ability to use modern computer and communication technologies during collection,
storage, processing, analysis and transmission of information about the state of
environment and industrial sphere;

K08. Ability to ensure environmental safety and sustainable development of society;
K09. Ability to use scientifically grounded methods in processing of research results in

the field of environmental protection technologies;
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K11. Ability to create physical and mathematical models of processes occurring in man-
made pollution;

K14. Ability to assess impact of industrial facilities, their emissions and discharges on
the environment;

K16. Ability to monitor state of environmental safety and assess degree of air pollution
and industrial emissions into the atmosphere, water and water bodies, soils and
land resources;

K19. Ability to design systems and technologies for environmental protection and ensure
their functioning.

• specialty 122 “Computer science”

CK5. Ability to use mathematical methods for analysis of formalized models of subject
area of particular project of its implementation and maintenance process;

CK9. Ability to develop software: understand and apply logic basics to solve problems; be
able to design, execute and debug programs using modern integrated software (vi-
sual) development environments; understand programming methodologies, includ-
ing object-oriented, structured, procedural and functional programming; compare
currently available programming languages, software development methodologies
and development environments, as well as select and use those that correspond to
particular project; be able to evaluate code for reuse or inclusion in an existing li-
brary; be able to assess the configuration and impact on settings in terms of working
with third-party software packages;

CK11. Ability to develop and administer databases and knowledge, possess modern theories
and models of data and knowledge, methods of their interactive and automated
development, processing and visualization technologies;

CK12. Ability to assess quality of IT projects, computer and software systems for vari-
ous purposes, to possess methodologies, methods and technologies to ensure and
improve quality of IT projects, computer and software systems based on interna-
tional standards for quality assessment of information systems software, maturity
assessment models information and software systems development processes;

CK13. Ability to initiate and plan computer systems and software development processes,
including its development, analysis, testing, system integration, implementation
and maintenance;

CK14. Ability to identify problem situations during the software operation and formulate
tasks for its modification or reengineering.

Quality improving of education is one of the most important issues in development of any
society. The modern world is evolving and changing rapidly, information technologies are being
updated and improved. Therefore the domestic higher education system does not have time to
adapt curricula and plans to requirements of the market and society. This problem is relevant
in the field of training specialists in the following specialties: 183 “Environmental protection
technologies”, 103 “Earth sciences”, 122 “Computer science” [18] and in the new specialty 143
“Nuclear energy". Therefore, we believe that it is important to add topics for development of
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mathematical and a software solution for emergency prevention in case of LRM spills in training
of future professionals in the outlined specialties.

The choice of used software in educational process should be based on the need to form
professional skills in students and graduate students. Also it is necessary to develop systematic
thinking, the ability to select optimal tool for solving particular application problem [18]. It will
greatly enrich their experience and allow them to understand specifics of LRM spills events
simulating. It is important in preventing emergencies.

The following measures should be taken to increase effectiveness of specialists training for
nuclear energy sector on issues of risk reduction during LRM spill incidents elimination:

• supplementing curricula of training students and graduate students to ensure acquisition
of competencies to reduce risks during elimination of incidents with LRM spills;

• to introduce study of issues: on development of mathematical models and software for
solving problems of emergency prevention during LRM spills;

• use of specialized software for solving problems of emergency prevention during LRM
spills;

• to expand topics of bachelor’s, master’s, dissertation works of students and scientific
degrees with problems on various aspects of the development of mathematical models
and software tools for solving problems of emergency prevention in case of LRM spills.

3. Conclusions

1. It is determined that the main criteria for the assessment of accidents at radiation-
hazardous facilities associated with the spill of radioactive liquids are: possible sources
of release, the range of chemical and isotopic composition of the radioactive liquid; tem-
peratures of radioactive liquids involved in heat and mass transfer processes; features of
drainage, filtering and localizing; potential scale and degree of radioactive contamination;
critical pathway and critical exposure group; characteristic conditions of on-site as well
as off-site spreading of radioactive substances.

2. Existing mathematical models of the distribution of radionuclides in the air as a result
of emissions cannot be used to solve the problem of estimating the radiation impact in
accidents with spills of radioactive liquids due to some set of disadvantages. The authors
of the publication developed a model that takes into account the physical features of
radioactive fluid leakage from the source, air pollution during the transition of radioactive
liquid from the spill surface into the air and their subsequent dispersion in the emergency
room under the influence of local air currents (caused by ventilation).

3. A mathematical model of radioactive substances transport in emergency areas has been
developed, which, unlike other models, takes into account the parameters of radioactive
liquids composition and design conditions of their storage.

4. Features of the software of the decision of problems of the prevention of emergencies
at flood of radioactive liquids are analyzed. It is determined that the existing software
tools for radiation exposure assessment do not comprehensively cover the features of
such events and have a number of shortcomings (do not take into account the process
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of radioactive decay; inadequacy of the results and high uncertainties; do not allow to
obtain most of the dynamic parameters required for a comprehensive analysis of radiation
exposure, lack of models describing the transport of multicomponent radioactive air
mixtures) for modelling the course of accidents with spillage of radioactive liquids indoors.

5. The publication provides examples of computer simulation of atmospheric dispersion
and dose projection for a hypothetical event involving the spillage of liquid radioactive
material in the JRODOS system.

6. Process of future specialists training in the specialties: “Environmental protection tech-
nologies”, “Nuclear energy", “Earth sciences”, and “Computer science” should be based on
the use of powerful scientific and methodological training base using modern advances
in digital technology. Therefore, we consider it appropriate to supplement curricula for
preparation of students and graduate students in the outlined specialties by studying
issues of: development of mathematical models and software to solve problems of emer-
gency prevention in case of LRM spills; features of specialized software use to solve
problems of emergencies prevention during LRM spills. For this purpose, it is proposed to
use mathematical model of radioactive substances transport in emergency rooms devel-
oped by the authors and the corresponding software tools for assessing radiation impact
on population and environment.
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Abstract
The article presents the technology of application of 3D models of electrical engineering in the performing
laboratory work. It was outlined the organizational and methodological conditions, forms and methods,
learning tools of the proposed technology. The organizational and methodological conditions include the
use of computer 3D models in laboratory work; creation and implementation into the educational process
laboratory work that involves the development of computer 3D modeling; providing the necessary
guidelines for the use and development of computer 3D modeling during laboratory work. Application
of the 3D models in the performing laboratory work of electrical engineering disciplines can be realised
on the initial, average and high levels. Upon completion of the development of the presented technology,
an experimental study was conducted, which included the identification of the appropriate level of
use of 3D models in the process of performing laboratory work in the study of electrical engineering
disciplines. The obtained experimental results were verified using Student’s statistical t-test for relative
indicators. The result of the implementation of technology is the application of 3D models in educational
and professional activities in the field of electrical engineering.
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1. Introduction

The development of new technologies, computerization of all sectors of the economy, science
and education requires, on the one hand, the creation and implementation of new information
tools and technologies, and, on the other hand, due to problems with their use in professional
activities, it is necessary to implement new approaches in the training of future professionals.
Thus, there is a need to improve pedagogical approaches to laboratory work, in particular in the
study of electrical engineering disciplines. Creation of 3D models is currently in a new stage
of development in the study of electrical engineering. Therefore, higher education applicants
must use 3D models of electrical engineering equipment for successful laboratory work, and
therefore in the future for professional activities.

In the last researches there are summarized advances and trends in 3D models and digital
control [1]. It allows the study of physical processes, complex technical systems, provides the
assistance in understanding existing engineering materials [2]. Many developments techniques
arose initially as solutions to problems of modeling the physical and electronic behaviors of
materials [3]. The 3D simulations involve various methods of hydrodynamics and computational
fluid dynamics as a complex tool [4]. Cloud computing faces challenges because it is not
economical and impractical for research institutions and industries to set up a physical cloud
for research and experiments on it, the researchers have chosen to test their contributions
with 3D models and simulators [5, 6, 7]. It is explored the relation of simulations to numerical
methods [8]. Computers are widely used in physics and other natural sciences to simulate
physical phenomena. Thus, people routinely use computers to model many and different
physical systems [9]. Diouf and Lo [10] presented a numerical investigation about the dielectric
properties. For the understanding of some physical parameters (spectral width, specific pulsation
and the number of particle), these parameters were varied to observe their influences on the real
and imaginary susceptibility as well as the reflective index of the environment. Rozhdestvensky
et al. [11] gets acquainted with the hierarchical principle of building models from simple to
complex.

Traditionally the majority of E-learning courses provide learners with text-based material
and allow them to contact the course tutor via email [12]. Virtual Reality (VR) on the basis of 3D
models has a lot to offer the e-learning paradigm [13], it can give people a sense of belonging
and, as they mimic the real world, they are a natural way to access information [14]. The
machine learning models assist the designers in choosing different design strategies [15, 16].
The visualization of line geometry via the 3D graphic statics is presented by Kodrnja et al.
[17]. Until sufficient practical experience and documented examples are available, emerging
technological methods to create educational content typically require in-depth knowledge from
different fields in order to apply them in the most beneficial way [18]. The method of creating
photorealistic 3D models (PR3DMs) of real-world objects with the methods of photogrammetry
is an example of such emerging technologies [19]. Tosheva [20] presents cloud solutions for
3D modeling, which can be used in technology education to create and visualize technical
objects, when working on the design and solution of various technical and creative tasks.
Experimenting projects and models is a current practice in education were described by Mihaila
et al. [21]. Barkatov et al. [22] presents the instrument and verification learning through 3D
modeling as educational process of documenting students’ projects as architectural exercises.
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3D printing has been shown to be beneficial in several educational settings; however, to our
knowledge, its effectiveness in pharmacy, medicinal chemistry and pharmacology learning [23].
The introduction of CAD and VR techniques is helpful to students in order to prepare them to
consider these technologies as important supports, later in their professional practice [24]. In
the conditions of blended learning the dialogue clusters of students were stronger when the
interactions were related to the subject of the course [25]. Representing 3D objects by multiple
views has become a common solution to the problem of 3D object retrieval [26]. 3D images
contain depth information, they have gradually gained importance for numerical systems in
image analysis [27].

The authors investigated some aspects of engineering education, for example, it was presented
the implementation of future agricultural engineers’ training technology in the informational
and educational environment [28] and the technology of application of competence-based
educational simulators in the informational and educational environment for learning general
technical disciplines [29]. There is investigation about technological model of training of Masters
in Electrical Engineering to electrical installation and commissioning [30], but the using of 3D
models in the performing laboratory work on electrical engineering disciplines was not the
specific subject of the study.
The aim of the article is to develop technology of application of 3D models of electrical

engineering in the performing laboratory work.

2. Methods

In the first stage of the study, it was used the survey method and took into account the quanti-
tative and qualitative indicators of the use of computer modelling in the process of performing
laboratory work in the study of electrical engineering disciplines. The experiment involved 40
higher education applicants in electrical engineering. The division into control and experimen-
tal groups was statistically checked for homogeneity using Fisher’s test. It is determined that
the formed groups are homogeneous. In the control group, the number of higher education
applicants in electrical engineering is 19, in the experimental – 21 persons. After the division
into control and experimental groups, we began to implement the author’s model of application
of 3D models in the process of performing laboratory work in the study of electrical engineering
disciplines. At the end of the experimental work, the input and output quantitative indicators
of the quality of training were checked using Student’s t-test [31].

3. The implementation of technology of application of 3D
models of electrical engineering in the performing laboratory
work

In recent years, due to the development of graphical interfaces and graphics packages, 3D
models have become widespread. 3D models model can be understood as a conditional image of
an object or a system of objects (or processes) described by interdependent computer drawings
and animations that reflect the structure and relationships between the elements of an object
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or system. Creating 3D models in the process of performing laboratory work in the study of
electrical engineering disciplines is a method of solving the technical problem of analysis or
synthesis of a complex electrical system based on the use of its computer model. The computer
model in the process of performing laboratory in the study of electrical engineering disciplines
should reflect as fully as possible all the main factors and relationships that characterize real
situations and limitations. In addition, 3D models should be as versatile (to cover the widest
range of electrical objects as intended) and simple (to help perform the necessary research
at minimal cost). It is considered the technology of application 3D models in the process of
performing laboratory work in the study of electrical engineering disciplines (figure 1).

There is a need to visualize modern models of electrical elements in 3D space. Digitalization
and the needs of remote work of specialists in the electrical industry outline the purpose of
the investigation – the development of technology of the application of 3D models of elec-
trical engineering in the performing laboratory work. The outlined goal is achieved through
organizational and methodological conditions such as:

1) use of computer 3D models in laboratory work;
2) creation and implementation into the educational process of specialists in electrical engi-

neering laboratory work, involving the development of computer 3D modeling;
3) providing the necessary guidelines for the use and development of computer 3D modeling

during laboratory work.

This goal is achieved on the basis of such forms of training as instruction and laboratory work,
as well as visual and practical methods. Instruction is a kind of explanation and presentation
of the task by the tutor. It includes elements of conversation, demonstration of methods of
work, procedures, demonstration of objects of labour, technological process. When performing
laboratory work during the study of electrical engineering disciplines, the instruction includes
the following:

1. Follow the sequence when performing work.
2. Carefully consider computer 3D models and study their components.
3. If there are difficulties in work of the 3D equipment, it is necessary to inform the tutor about

it.
4. Enter the results of measurements / calculations in the table, having thought over their form

in advance, if it is not specified in the instructions.
5. At the end of the experiment, the final results should be calculated and the results obtained

discussed.
6. In defense of laboratory work, the higher education applicant submits a short-written report

with the results of measurements, calculated values and constructed graphs, 3D models and
conclusions. Then he must answer the questions asked by the supervisor regarding the
laboratory work or its individual parts and present his own computer-generated 3D models.

Admission to laboratory work is given by the tutor. In the interview with the student the
degree of their readiness for employment is revealed. If a higher education applicant cannot
formulate the basic principles of the theory on which the work is based, describe the sequence of
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Figure 1: The technology of application 3D models of electrical engineering in the performing laboratory
work.
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research, does not know how to work with equipment and computer 3D models – then he is not
allowed to do the work. After obtaining admission, students receive additional instruction on a
specific job and specific tasks for it. Admission of students to work is assessed and recorded in
the laboratory journal. Laboratory work is a form of study in which a higher education applicant,
under the guidance of a tutor, personally conducts simulation experiments, based on the use
of computer simulations or experiments to practically confirm certain theoretical positions in
electrical engineering disciplines. By working with computer models acquires practical skills in
working with laboratory equipment, hardware, computers, measuring equipment, methods of
experimental research in a particular subject area.

In the process of performing laboratory work in electrical engineering disciplines, higher
education applicants learn to apply the acquired theoretical knowledge. Studying the theory on
the examples of computer 3D models taken from life on the basis of modern achievements of
science and technology, clear organization of practical knowledge contribute to the formation
of qualities that should be possessed by a future specialist in the field of electrical engineering.
The technology of performing laboratory work in the study of electrical disciplines is presented
in figure 2.
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Figure 2: The technology of performing laboratory work in the study of electrical disciplines.

Before performing laboratory work, the higher education applicant must:

• process instructions for work;
• know the purpose of the work and its main tasks;
• understand the basic theoretical provisions and laws on which the work is based;
• if self-study of the material on the literature specified in the instructions was insufficient

to understand the essence of phenomena or processes, higher education applicant should
consult a tutor;

• get acquainted with the workplace and equipment used in the process of work;
• know the procedure and sequence of operations;
• prepare tables for recording the results of measurements and calculations, as well as paper

for plotting.

To achieve the goal of this model, methods such as visual and practical are used.
Visual methods involve the representation of electrical objects in the form of 3D images for

maximum convenience in their understanding; giving a tangible form to any electrical object,
subject, process, etc. By visualization it is meant computer 3D objects – the visual information
transmission system allows to control computer 3D models that are broadcast on the screen.
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When visualizing educational material during laboratory work in electrical engineering
disciplines, it should be considered that visual images shorten the chain of verbal considerations
and expand the possibilities of distance learning during laboratory work in electrical engineering
disciplines, in particular during a pandemic or lack of laboratory equipment.

Thus, visualization of educational information during laboratory work in electrical engineer-
ing disciplines allows to solve a number of pedagogical tasks:

• ensuring the intensification of laboratory classes;
• intensification of practical educational and cognitive activities;
• formation and development of critical and visual-spatial thinking and visual perception;
• presentation of electrical facilities and training activities in 3D space;
• increase of visual literacy and visual culture in the electric power industry.

Practical teaching methods involve different types of spatial activities and require indepen-
dence of higher education applicants in learning. Performing exercises in 3D space provides
repetition of certain actions in order to master them, which is based on understanding, accom-
panied by conscious control and adjustment. Exercises should not be a random set of similar
actions, but should be based on a system, a clearly planned sequence of actions, including
gradual complication, they should not be interrupted for a long time. The effectiveness of the
exercise depends on the analysis of its results.

The value of the practical method is that they help to connect theory with practice, equip
higher education applicants with one of the research methods in 3D space, develop skills in
using devices, teach to process measurement results and make the right scientific conclusions
and suggestions.

The learning tools included teaching and methodological support, Internet resources and
hardware and software.

Educational and methodological support for laboratory work in electrical engineering disci-
plines that based on computer 3D models is a set of educational and methodological materials
that provide the educational process. The specified support provides practical work in 3D space,
the corresponding form of the reporting and forms of control of knowledge for the organization
and performance of laboratory work in electrical engineering disciplines.

Internet resources are a set of links to relevant sources on the Internet. Such sources include:

• links to distance learning courses developed;
• references to mass open online courses, which provide for laboratory work in electrical

engineering disciplines in the context of an educational program;
• links to interactive educational portals that provide work with 3D space;
• additional links to audiovisual electrical content.

Hardware and software are a set of programs for laboratory work in electrical engineering
disciplines in 3D space. 3D simulation software can help turn tangible electrical objects into
beautiful computer models and prototypes. Choosing the optimal simulation software is often
difficult, as it is not easy to find a program that would have all the necessary functionality. In
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our work, we have recommended for laboratory work in electrical engineering disciplines such
as Wings 3D, 3DMonster, Daz Studio, AutoDesk 123D, PTC Creo, Autodesk 3ds Max.

Figure 3 shows an element of laboratory work in the discipline of “Lighting” on the topic
“Research of natural and artificial light”, which studies the structure of lamps of different types
in 3D space.

Figure 3: Laboratory work on the subject “Lighting” on “Research of natural and artificial light”: a
study of the structure of lamps of different types in 3D space.

With the help of computer 3D models, it is possible to study the structure of different types
of lamps, consider the components that fill it.

Also, the hardware and software provide the ability to disassemble 3D models into structural
elements or from the proposed components to assemble an electrical device in 3D space.

Figure 4 shows the element of laboratory work in the discipline of “Electrical technology” on
the topic “The principle of operation of tubular electric heaters”, which performs the analysis of
the tubular electric heater into structural elements.

Also, the hardware and software provide an opportunity to assemble an electrical device
from the proposed components in 3D space.

Organizational and methodological conditions, forms, methods and tools provide progress
in the levels of use of computer simulation in the process of laboratory work in the study
of electrical engineering disciplines. The initial level of use of computer simulation in the
process of performing laboratory work in the study of electrical engineering disciplines is
characterized by the presence of theoretical knowledge. The applicant has an idea of the basic
terms and processes in the power industry, understands the phasing of laboratory work. Being
theoretically knowledgeable, the applicant is able to work with computer 3D models.

The average level of use of computer simulation in the process of laboratory work in the study
of electrical engineering disciplines takes into account the presence of theoretical knowledge
that characterizes the initial level, as well as the understanding of work in 3D space. Computer
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Figure 4: Laboratory work on the subject “Electrical technology” on the topic “The principle of operation
of tubular electric heaters: disassembly of a tubular electric heater into structural elements”.

components of electrical elements are able to consist of 3D components. Higher education
applicant is able in the context of specific laboratory work to form 3D projects of computer
models, to perform calculations independently.

The high level of use of computer simulation in the process of laboratory work in the study
of electrical engineering disciplines takes into account the presence of key components that
characterize the average level and also provides skills for self-formation of computer models
in 3D space in the context of laboratory work. Higher education applicants are able to design
step-by-step tasks for the formation of computer models in 3D space, understand the principles
of formation of key 3D components of computer models.

The result of the model is the application of 3D models in educational and professional
activities in the field of electrical engineering.

4. Results

The implementation of the technology of application of 3D models in the process of performing
laboratory work in the study of electrical engineering disciplines was accompanied by a set
of developed 3D models and tasks for their independent development. Upon completion of
the development of the presented technology, an experimental study was conducted, which
included the identification of the appropriate level of use of computer simulation in the process
of performing laboratory work in the study of electrical engineering disciplines. The obtained
experimental results were verified using Student’s statistical t-test for relative indicators and
are presented in table 1.

Note that for all three levels the differences are statistically significant (𝑝 < 0.05), and the
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Table 1
The results of the study of the level of use of 3D models of electrical engineering in the process of
performing laboratory work.

Level CG EG CG
The share of units
with this indicator

in the 1st group

Average
relative

error, 𝑚1

The share of units
with this indicator
in the 2nd group

Average
relative

error, 𝑚2

High 3 10 15.79 ± 8.59 47.62 ± 11.17 2.26
Average 5 7 26.32 ± 10.38 57.14 ± 11.07 2.03
Initial 11 4 57.89 ± 11.64 19.05 ± 8.78 2.66
Total 19 21 - - - - -

number of degrees of freedom 𝑓 = 38. The critical value of the Student’s t-test is 2.024, with a
significance level of 𝛼 = 0.05.

Thus, the obtained empirical values of Student’s t-test are greater than critical, which means
that they belong to the zone of significance. The levels of application of computer simulation in
the process of performing laboratory work in the study of electrical engineering disciplines in
control and experimental groups at the end of the experiment have significant differences.

It is obvious that the authors’ technology of using computer simulation in the process of
performing laboratory work in the study of electrical engineering disciplines is effective.

5. Conclusion

The technology of application computer simulation in the laboratory work on electrical engi-
neering disciplines is based on the need to visualize modern models of electrical elements in 3D
space, digitization and the need for remote work of electrical professionals. The development of
technology involves organizational and methodological conditions (use of computer 3D models
in laboratory work; creation and implementation in the educational process of specialists in
electrical engineering laboratory work, providing for the development of computer 3D modeling;
providing the necessary guidelines for use and development of computer 3D modeling during
laboratory work), forms (instruction, laboratory work), methods (visual and practical) and
tools (educational and methodological support, Internet resources and hardware and software).
The result of the implementation of technology is the use of 3D models in educational and
professional activities in the field of electrical engineering.

According to the obtained experimental results that were verified using Student’s statistical
t-test for relative indicators it can be claimed that the technology of application of computer
simulation in the process of performing laboratory work in the study of electrical engineering
disciplines is promising.
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Abstract
The article considers the problem of using immersive learning in the educational and scientific activities
of the university. Literature survey revealed that there is a need for an integrated approach for intro-
duction of immersive learning at the university. It involves the creation of a specialized laboratory of
virtual and augmented reality with appropriate technical equipment, introduction of immersive learning
methodology in university educational programs, development of software and hardware solutions for
immersive learning, and research on the immersive learning effectiveness. We present the description of
a specialized university department acting as a developer of software products for immersive learning.
We show original developments in the field of immersive education for exact sciences and arts and hu-
manities students. The article describes products that are designed to fulfill the third university mission:
to ensure the citizens well-being. We propose "immersive institute" model which can be implemented
both at the level of the university in general and at the level of its educational and scientific departments.

Keywords
immersive learning, virtual reality, augmented reality, immersive institute

1. Introduction

The process of learning at the university is not always associated with the use of real objects or
phenomena as a demonstration. The educational material is mostly explained on imaginary
models of processes or objects. It is also not always possible to interact with such models.
Therefore, the whole process of learning (discovery of the world) is very indirect and largely
depends on the developed imagination of the student. In this case, the effectiveness of teaching
largely depends on teacher’s ability to convey the essence of the model and the student’s ability
to imagine it.

A flat two-dimensional surface (black- or whiteboard, an interactive board or just a slide pro-
jector) usually remains a teacher’s tool aimed to help students form the idea without possibility
of its dynamic change over time. Current generation of young people perceives information
differently and students’ ability to think imaginatively does not get better, and largely depends
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on the methods of conveying information, visualizing images. Therefore, the printed textbook
today is less satisfying for students than in recent years. Even video content is not always
effective enough for describing a complex model, idea or process. All this in general has a
negative impact on the quality of education, especially with a low level of student motivation. In
this case, the need arises for proposing new tools to create additional practice-oriented learning
incentives on the university side and increase the level of student motivation. One such tool is
immersive learning.

Technologies of full or partial immersion in the virtual world or various combinations of
“live” tools (F2F) and virtual reality – immersive technologies – allow to provide the effect of
full or partial presence in an alternative space. These technologies are implemented through
software and hardware solutions of VR (virtual reality), AR (augmented reality) and MR (mixed
reality) [1].

VR and AR currently have the greatest impact on human perceptual organs, and their potential
for education is not yet fully explored. The following properties form their prospects:

1. Visual orientation. In a virtual space, one can freely view any process or object in detail
from different angles, which is much more interesting than looking at static pictures in
the textbook.

2. Concentration. In a virtual environment, one cannot be distracted by external stimuli,
which allow strong focusing on the material.

3. Maximum involvement. Stereoscopic images and surround sound create a complete
illusion for the human senses. Tracking student movements and positions in a virtual
environment adds a presence effect. Some technological solutions allow realizing even
tactile sensations. In addition, immersive technologies provide the ability to fully control
and change the learning scenario. The student can witness historical events, conduct an
experiment in physics or chemistry, or solve a problem in playful and understandable
form. In fact, student interacts almost naturally with objects of study or research.

4. Safety. One can unsuccessfully perform a complex operation, try to control a space shuttle,
conduct an experiment with dangerous chemicals or explosives, while suffering many
failures and not cause real harm to oneself or others.

5. Effectiveness of learning and quality of knowledge acquisition, which is confirmed, e.g. by
research conducted by Microsoft [2], and Eutsler and Long [3].

That is why immersive technologies are already actively used in education [4].
Immersive technologies change the content and develop the typology of educational materials:

printed; printed with multimedia applications; electronic as an analogue of printed; electronic
with multimedia content, navigation and hyperlinks to external sources; printed with augmented
reality objects; virtual and mixed books. The integration of new AR technology into the old
environment has a synergistic effect and positively influences the students. AR books (Visually
Augmented Books, Traditional AR Book), which usually contain both 2D static and dynamic
content, and 3D content: static and dynamic models, sound depending on user actions and
location, etc. became popular recently.

It is very important to note that immersive technologies should not be associated exclusively
with technical objects. It is also important to reveal their relevance, for example, in medical
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education and arts and humanities field. The main purpose of this article is to present a
comprehensive approach to the use of immersive technologies in classical university.

The object of research is the e-learning ecosystem at the university.
The subject of research is immersive learning as an e-learning tool.
The novelty of the work is a new comprehensive approach to the introduction of immersive

learning at the university, which includes:

– creation of a specialized laboratory of virtual and augmented reality with appropriate
technical equipment;

– introduction of the immersive learning methodology in the university educational pro-
grams;

– development of proprietary software and hardware solutions for immersive learning;
– study of immersive learning effectiveness based on the overall student achievements.

Practical significance: for the first time on the basis of the classical university we work out
the algorithm for creation of AR and VR tools considering features of knowledge branches.
The algorithm is implemented for educational programs of engineering, medical and socio-
humanitarian direction.

2. Literature review

The development of immersive technologies and the growth of their popularity is clearly shown
in figure 1. Over the past 10 years, the annual number of scientific publications on “immersive
technology” has increased 4 times (according to https://www.scopus.com/). However, despite
such a significant increase, the annual number of publications is not high, which indicates the
stage of formation of this research area.

United States of America occupy the leading position in this research area (figure 2). Figure 2
also lists the origin countries of the authors that published 100+ scientific papers in the field of
“immersive technology”. Ukraine is just beginning its journey in this direction, which confirms
the relevance of the material proposed in this paper for application in Ukrainian universities.

A detailed query for the keywords “immersive technology education” (VOSViewer is the tool,
data for analysis is taken from https://www.scopus.com/) allowed to identify 2000 most cited
articles in the last 10 years and identify a set of relevant keywords that combined in different
clusters. The analysis of these clusters allowed to determine the activities of universities to
implement immersive technologies in education (figure 3).

Combining VR and AR tools, e-learning technologies, interactive tools and game-based
learning allows creating a flexible educational environment that can quickly respond to changing
trends in particular field of knowledge.

To assess the prospects of the immersive learning technologies introduction in university
educational activities we conduct a detailed analysis of scientific achievements in specific fields
and identify the most popular areas where there is an urgent need to introduce new approaches
to learning (analysis tool is SciVal https://www.scival.com ). Among the most popular topics
are the following:
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Figure 1: Publication activity in the field of “immersive technology” (data of https://www.scopus.com/).

– Game-Based Learning;
– Educational Games;
– Gamification;
– Augmented Reality;
– Authoring Tools;
– Online Learning;
– Social Presence;
– Virtual Worlds;
– Virtual Learning Environment;
– Pedagogical Support;
– Educational Process;
– Professional Competence.

These topics formulate the main activities of the classical university in immersive technolo-
gies implementation and in the creation of an effective strategy for new products to enter
the educational market, as well as the creation of commercial products for industry and busi-
ness. Analysis of the connection of individual topics in agglomerates (clusters of topics) gives
grounds for expanding the role of immersive technologies for extracurricular activities and the
implementation of the third mission of the university:
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Figure 2: Publication activity of authors from different countries in the field of “immersive technology”
(data of https://www.scopus.com/).

– Algorithms; Computer Vision; Models;
– Students; Medical Students; Education;
– Attention; Brain; Learning;
– Work; Personality; Psychology.

Analysis of the article content (according to https://www.scopus.com/) in the direction of
development and implementation of immersive technologies and education quality assurance
in general allowed to identify the following areas that can be successfully implemented by the
classical university:

– development of the educational environment with the use of immersive learning tools
[5, 6, 7, 8, 9, 10, 11];

– immersive learning tools in medicine [12, 13, 14, 15, 16];
– immersive learning tools in engineering and physics [17, 18, 19];
– immersive learning tools in arts and humanities [20, 21, 22];
– pedagogical innovations based on immersive learning [23, 24, 25] [23-25]
– application of immersive technologies in university subdivisions, e.g. library [26, 27];
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Figure 3: The results of bibliometric analysis on the query “immersive technology education”.

– immersive technologies for scientific research [28, 29];
– fulfillment of the third university mission and social activity to ensure the citizens well-

being [30, 31, 32, 33, 34, 35, 36];
– education digitalization [37];
– state regulation and management of education quality [38, 39];
– ensuring the quality of education in subject areas [40, 41];
– quality of education and sustainable development goals [42].

When forming a strategy for the university development in terms of immersive technologies
introduction in educational and scientific activities one should also pay attention to the experi-
ence of other educational institutions, which can be learned, e.g. through Immersive Education
(iED) Summits [43], Immersive Learning Research Network (iLRN) [44], Women in Immersive
Tech Europe [45], etc.

Technology companies’ specialists are also working on the development of immersive tech-
nologies. Here are some examples of world-famous companies’ developments.

Lenovo has developed a specialized virtual classroom that allows one to create a blended
learning environment. The class consists of various devices (virtual reality helmet, tablet, router),
as well as software and comprehensive training programs [46].

Microsoft is actively researching and developing immersive technologies [47]. One of the
directions is the use of mixed reality technology with the help of HoloLens from Microsoft [48].

zSpace offers a hardware and software solution that provides an interactive experience by
integrating the latest AR/VR technology into an all-in-one computer and laptop. zSpace uses
three sensory characteristics to create a natural and intuitive product:
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– immersion perception;
– possibility to look around;
– kinesthetic realism [49].

OVAL (Oklahoma Virtual Academic Laboratory [50]) supports the operation of virtual class
Portals, within which you can share learning experiences in VR environment. For example, in
this way, students studied the inner part of Arizona cave system.

Immersive technologies are already used actively in university education. At North Carolina
State University, virtual reality is used in the study of the natural sciences [51]. During virtual
field research, students find, observe and study organisms in their natural habitat.

At Pennsylvania State University, students attend practical classes equipped with virtual
reality technology. During the practical classes, they learn about situations that they may
potentially encounter in the future. This approach increases the learning effectiveness and
prepares students for real work situations [52].

Graz University of Technology (Austria) has developed a learning VR platform “Maroon” and
is actively using it to study STEM [53].

The first significant steps in this direction at Sumy State University were made by the author’s
team members of this work [54, 55].

3. Research methodology

The concept of Sumy State University (SumDU) immersive technologies application is not a
trivial replacement of real laboratory or practical work with virtual ones.

We see the main effect in methodological approach that immerses the student in a certain
case inherent in the educational program, discipline or topic, with the obligatory interactive
stages that cause a strong emotional reaction.

These can be accidents or critical situations at production site or in the workplace, ones
related to equipment or interaction with colleagues and customers, and so on.

The causalities designed for such situations are a strong impetus for other learning activities
(in or out of the classroom). Regular application of immersive technologies can significantly
increase the training effectiveness. We can get as close as possible to the natural way of
interaction with the object of study through immersive technologies. Along with this, we fully
exploit the emotional component of interaction and create powerful motivating effect for further
application of classical learning activities.

An engineer can start a reactor, compressor or aircraft. The doctor can save the patient,
perform an autopsy or examine the pathology. Military trainees can navigate the area or adjust
artillery fire. In each of the cases there may be a critical situation when the reactor explodes,
the patient is on the verge of death, and the shells do not hit their target. Through periodic
immersion in virtual, most realistic cases with obvious consequences, the student is able to
form a clear, logical structure of interrelated needs for knowledge in various disciplines.

VR and AR tools in the hands of a trained teacher can bring the learning process as close as
possible to natural, direct interaction, and in some cases can even open greater opportunities.

Simulations represent some part of the surrounding reality thus allowing to study aspects
of reality that cannot be studied in another way for reasons of safety, ethics, high cost, lack of
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necessary technical support or scale of the investigated phenomenon. Simulation is a structured
scenario with a detailed system of rules, tasks and strategies that are created for a specific
purpose: to form specific competencies that can be directly transferred to the real world.
Simulations help to visualize abstract concepts. Students understand the essence of the studied
phenomenon due to the possibility of manipulating its parameters. Two basic components
are allocated within the simulation. First, the working model of professional environment or
the structural and organizational scheme in which possible variants of behaviour and staff
interaction are enclosed. Second component is the scenario (plot) of the simulation process,
aimed at the application of knowledge, intuition development and finding alternative non-
standard ways to solve the problem.

Hands-on algorithms to develop the above mentioned components for educational course are
not described in literature. We are still individually searching for effective approaches to the
implementation of VR and AR technologies for each educational program, discipline, topic, etc.

The context of each program is individual, so the simulator script is not born immediately. In
any case, it is important to remember that any technology is a tool to achieve the learning goals.

4. Results and discussion

During 5 years of immersive technologies introduction in SumDU, the AR textbooks and
information materials are published, training VR simulators are developed.

Over the years, SumDU has improved its own e-learning ecosystem of
(https://elearning.sumdu.edu.ua). SumDU specialists created training and research lab-
oratory of VR and AR (https://ulab.sumdu.edu.ua) with appropriate technological conditions
to conduct training sessions. These sessions allow immersion of a group of students in
various virtual cases inherent in the educational program, discipline or topic, with mandatory
interactive stages of interaction with the equipment or between participants.

The number of simultaneous participants in VR-simulations significantly affects the potential
of learning scenarios. Therefore, Ulab laboratory is designed to conduct classes with one
academic group of students. It has three zones: VR/AR zone, control zone, group zone (figure 4).

VR/AR-zone is designed for the simultaneous participation of four students. It is equipped
with four powerful PCs, four HTC Vive VR headsets with two Lighthouse base stations and a
surveillance camera. All surfaces of the VR/AR zone (four walls, floor and ceiling) are textured
with unique high-contrast images. The VR/AR area is equipped with a special backlight that
prevents direct rays from entering the camera lens of the participant’s smartphone, tablet
or other device. All this provides reliable positioning in the VR/AR zone when using optical
recognition methods used in AR.

We planned our laboratory to maintain constant contact between students. When four
participants are in VR, the rest of the group can watch their actions and make voice comments.
The verbal connection between students remains.

This can be used in different ways, depending on the task of the VR-simulator: students can
help with calculations, the teacher can advise how best to do various actions. To do this, students
in the group zone have the opportunity to observe the events in the VR/AR zone and see the
action on four screens the same as four participants in the simulation. Radio microphones are
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Figure 4: Ulab laboratory.

installed in the group area for voice communication. The VR/AR zone uses built-in microphones
in HTC Vive VR headsets. Video and audio streams are controlled by specialized matrix switches
located in the control area.

Qualified specialists in the control area maintain equipment performance. They monitor all
processes during VR simulations, as well as the actions of participants.

It is important to understand that student immersed in VR practically loses control over the
real world: he/she does not see walls, obstacles and other participants, may lose his/her balance,
make sudden unexpected movements, and so on. Orientation in space can also change under
the influence of VR content.

Examples of SumDU VR developments:

1. Technically oriented simulator of the natural gas drying is designed as multi-user simulator
for simultaneous work of students together with the teacher (figure 5). Students getting
trained in educational programs related to chemical engineering, oil and gas production
equipment and production automation first get acquainted with the gas drying plant,
study its design and can even look inside, which is impossible in real conditions. The
simulator allows trainees to study the design and operation of unit equipment. The
teacher can secretly initiate an emergency mode, and students will have to change the
parameters in a short time to avoid an accident. It is extremely difficult to do this
without understanding the basic principles of the installation. Working in the simulator
allows student group to practice teamwork skills, solving problems in time lacking
conditions and take responsibility for the decisions made. These skills, in addition to
specialized knowledge, are demanded in the job market. Every accident on the simulator
is remembered and motivates to study the theoretical material deeply.

The simulator is developed in the Unity environment (https://unity.com) and uses a client-
server architecture to implement multiplayer mode, in which the position of each participant
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Figure 5: Natural gas drying unit simulator.

in the simulation, his/her movements and actions are synchronously transmitted to the Pho-
ton Unity Networking server. It re-implements and enhances the features of Unity’s built-in
networking. Under the hood, it uses Photon’s features to communicate and match players
(https://www.photonengine.com/pun).

The software module of each user takes into account the position of the user during each
frame of 3D scene rendering to determine the angle of observation and the position of all other
participants according to the data obtained from the server.

2. The virtual tour around the Military Training Department was developed with the Unity
environment for mobile devices based on OS Android equipped with a gyroscope to
provide three degrees of freedom (3DoF) to the user. Movements in space are carried
out by means of the software implemented controller. The simulator not only introduces
future officers to the laboratories and classrooms of the department, but also allows to
demonstrate samples of military equipment and weaponry in the field on a virtual range
(figure 6).

3. The best way to study history is to immerse yourself in times long gone, experience the
peculiarities of another culture, see everything live or visit a virtual museum, where all
the famous artworks are collected.

This VR simulator is also designed in the Unity environment for HTC Vive with multiplayer
mode support. Students can share their impressions of the exhibits directly in VR, either in the
Ulab or even in another city or country (figure 7).
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Figure 6: Virtual tour around the Military Training Department.

4. Another format for studying local history is realized with the help of Sumy city tour guide
that uses AR technology. Specialized multimedia content is played in AR by the Ulab
AR mobile application, developed by SumDU specialists and available for mobile devices
with iOS 9+ and Android 6+ operating systems. Specialized multimedia content for this
case is created: animated virtual 3D-models of famous Sumy patrons Ivan Kharitonenko
and Gerasim Kondratiev with unique audio for 37 locations of the tourist route around
Sumy (figure 8).

The Ulab AR application is designed to use augmented reality marker technology and allows
user to match the specified collection of images to the appropriate multimedia content in both
video and 3D format. Positioning of virtual content is carried out relative to the image-marker.
Collections of markers and multimedia content for them are formed into special albums, which
are downloaded using unique QR code into the Ulab AR program. To install the application,
the user scans the QR code placed on advertising and information materials on stands located
around city. To play AR content, user only need to point the camera with application running
on a special plate located at each of the 37 locations of the route.

5. SumDU is currently working on a series of VR medical simulators. They are based on the
anatomical model of human. More than 2,500 model objects make it possible to visualize
any composition of selected anatomical model objects, systems and their components.
The model may be movable rather than static as usual (figure 9).

Full body tracking technology allows to synchronize the movements of the anatomical model
with the movements of the student or teacher. We use specialized software that based on a set
of special HTC Vive trackers to analyze the position of all moving parts of the user’s body in
VR (figure 10).
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Figure 7: Virtual museum.

The number of potential usage scenarios in medical education programs is almost limitless. It
can be a simple study of human anatomy with the ability to “disassemble the body” to the last
muscle and bone. User can study the anatomy of individual organs, supplementing the model
with a set of possible pathologies. By combining the anatomical model with virtual models of
medical diagnostic equipment (tomography scanner, X-ray, cardiograph, etc.), it is possible to
implement virtual scenarios of real patient examination, surgical procedures, etc.

The VR-simulators scenarios can be scaled from single-user to group with the distribution
of participants roles. In the future, it will be possible to implement even a full-fledged clinical
department or operating room with medical staff and patients, specialized facilities and more.
The possibility of remote VR sessions opens up a wide range of opportunities for such approaches,
especially during quarantine restrictions, when participants can be physically distributed in
space, but able to interact directly in virtual environment performing tasks, making mistakes
and correcting them.

5. Conclusions

The e-learning system based on immersive technologies increases the educational process
efficiency and is an essential part of the system bound to ensure educational activities quality
and overall quality of higher education at SumDU. Internal and external assessment tools are
used for evaluation of the implementation of immersive learning effectiveness and its impact on
the education quality. One of internal assessment tools used is a survey of students and teachers
on the applicability and prospects of immersive educational materials in specific knowledge
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Figure 8: City tour guide.

areas. External evaluation of the educational programs quality criteria were proposed by the
National Agency for Higher Education Quality Assurance of Ukraine (https://naqa.gov.ua/).
Within the framework of each educational program, the university must create appropriate
conditions for the practical skills formation along with the theoretical base.

In 2019, SumDU project took part in the competition for educational technologies in London
Reimagine Education Awards. In total, more than 1500 projects from technology companies,
universities and other educational service providers from 84 countries took part in this compe-
tition.

SumDU experience allows to introduce a model of “immersive institute” as an environment
for all stakeholders aimed to increase entrants level of interest in learning, to provide student-
centered and close to natural interaction learning model, and to act as a carrier of social mission
(figure 11).

United States and Ukraine is almost synchronous. New software and hardware solutions
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Figure 9: Medical simulator.

Figure 10: Full body tracking technology application.

appear almost every year and give impetus to the further development of technology.
In a few years, VR equipment will be widely adopted, as there are smartphones today. At

that stage, the learning possibilities of immersive technologies will be difficult to overestimate,
especially in situations similar to quarantine restrictions.

At SumDU , the e-learning system is improving and there are conditions for this: moti-
vated teachers and staff developers (Unity3D programmers and modelers) who create training
simulators. However, the prospect of cooperation and joining efforts of several educational
institutions opens up much greater opportunities for the introduction and development of
immersive learning in Ukrainian higher education institutions.
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Figure 11: “Immersive institute” model.
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Abstract
Being popular world-wide, virtual laboratories enter into different fields of education and research and
practitioners have to be responsible for choosing the most suitable and then adapt them to particular
field. The aim of the present work was to assess the effectivity of the implementation of Praxilab, Labster,
and LabXchange virtual laboratories as the powerful digital tool into teaching protocols of “Clinical and
laboratory diagnostics” discipline for physical therapists and rehabilitologist. We have carried out the
online survey for 45 students enrolled in physical rehabilitation degree program. About 70% surveyed
students reported that implementation of virtual laboratories in “Clinical and laboratory diagnostics”
discipline met individual learning needs of students, helped acquired digital skills (25%), and supported
them to stay ahead of the curve. The virtual lab applications, not only assisted harness students fair
against lack of practical skills, but also brought about a new dimension to the classes and helped overcome
digital alienation and gain their digital skills and abilities. Indeed, a virtual lab can’t completely replace
the experimental work and teacher’s explanation, but it might support teaching activities of a modern
mentor and learning activities of a modern student. Almost all of surveyed students (82%) expected that
in near future the virtual laboratories would take the dominant place in the education market due to
possibility of students’ pre-train the key points of practical activities before real experiments in lab and
better understand their theoretical backgrounds. Thus, this study is intended to contribute to utilization
of virtual labs by students enrolled in study physical therapy/physical rehabilitation with expected
efficiency.

Keywords
virtual laboratory, physical therapy/physical rehabilitation major, digital skills, blended education
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1. Introduction

The COVID-19 pandemic has accelerated the digitization of university education [1]. Indeed,
the education system is facing a paradigm shift, which creates and even invents new possibilities
into learning environment, stimulates new educational projects led by digital technologies.
The acquirement digital skills is the name of the game for many universities due to numerous
benefits they can bring in teaching, learning and research. The importance of technological
innovations and their relevance in the context of blended education today is indisputable [1, 2, 3].
In the last few years, digital technologies have entered all levels of education, and changes
in the profiles of teachers and students have become apparent. However, these technologies
make it possible to create an effective creative learning environment in the teaching process,
which might lead to important changes in the roles of both students and teachers, promote
individualized learning and improve student motivation [4].

Experimental work is one of the most important sources of knowledge. In combination
with modern equipment, technical devices, and appropriate tools for the educational process,
it contributes to a deeper uptake knowledge, skills and abilities. Regular use of experimental
work while teaching and studying natural and life sciences on classes helps to acquire skills and
understand mechanisms and phenomena, explains their backgrounds in the context of theories,
forms and improves experimental skills and abilities which are very useful in future professional
activities, and finally fosters the utmost accuracy to work. The experiment definitely helps to
understand the biological and biomedical peculiarities of internal processes, since this is the
most important way of realizing the connection between theory and practice by converting
knowledge into beliefs.

Practical classes belong to the particular features of degree programs in natural and life
sciences at universities. However, these activities need numerous modern equipment and
special technical devices to be used. Unfortunately, Ukrainian universities face number of
problems with technological purchasing and modernisation of techniques, because lack of
money. Even if the laboratory room is fully equipped with the required instruments and
materials, real experience requires much more time both for preparation and implementation,
and for analysis of the results of work. Virtual laboratory and virtual experiments might be
good alternative to the real experimental work [5]. They allow teachers and students to be
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flexible, pre-train practical skills before real life situations. Also, many students can learn the
theory online, but there are some significant limitations when trying to acquire skills online or
through traditional methods. Indeed, virtual laboratories can be effective in helping students
acquire skills in analytical and diagnostic thinking, develop strong persuasive skills, and make
decisions under conditions of uncertainty [6].

Implementation of blended education with components of informal education into physical
therapists and rehabilitologist degree programs could be of great benefit. E-learning and distance
education allow rehabilitologist and physical therapists to brush up their knowledge, become
more familiar with novel protocols, tools and equipment widely used for rehabilitation in EU
and in the USA based on the principal of remote learning. The aim of the present work was
to assess the effectivity of the implementation of Praxilab, Labster, and LabXchange virtual
laboratories as the powerful digital tool into teaching protocols of “Clinical and laboratory
diagnostics” discipline for physical therapists and rehabilitologist.

2. Methodology

Pedagogical experiment and online adapted surveys in terms of google form were carried
out at Ternopil Volodymyr Hnatiuk National Pedagogical University (TNPU). The statistical
representative sample included Bachelor degree students had enrolled in “Clinical and laboratory
diagnostics” supplemented with virtual laboratories. The sample size was determined as 45. A
majority (70%/30%) of surveyed students were women and represented young generation. The
online course was available on the Moodle platform. Also, Praxilab (https://praxilabs.com/) and
Labster (https://www.labster.com/), LabXchange (https://www.labxchange.org) were used to
support and enrich proposed disciplines.

Students were welcomed to fill in the questionnaire that had prepared using Google Form in
the mid and at the end of learning a subject. It was accessible via link in personal e-mail account
and in the students Viber groups and Telegram channels for two weeks. The questionnaire
contained several questions namely experience with ICT tools, virtual labs, and educational
platforms, learning outcomes (knowledge, skills, satisfaction, perception, attitude, usability),
perceptions of courses (content, deep sense of meaning, structure, clarity etc), assessment of
perceptions and effectivity of virtual laboratories. In particular, we have asked students about
“How helpful in practical and theoretical dimension was the implementation of VR apps in
conducted disciplines provided to you?”, “Successful integration of VR apps into on-line and
face-to-face teaching”, “Meeting individual learning needs”, “Building skills and knowledge” etc.

Data were tested for the normality and homogeneity of variances using Kolmogorov-Smirnov
and Levine test, respectively. For the data deviating from normality or homogeneity of variances,
Box-Cox or log10 transformation was used. If the transformations did not result in normal
distribution, non-parametric tests were used. All statistical calculations were performed with
Statistica 12.0 and Excel 2019 for Windows. Differences were considered significant if the
probability of Type I error was less than 0.05.
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3. Results

Implementation of IT tools opens great opportunities for the formation of professional com-
petences. Interactive IT tools make it possible not only to increase visibility, support students
with information in user-friendly easy-to-understand form, maintain a mentoring function, but
also solve didactic tasks that become relevant in the formation of competencies and in con-
nection with the reduction of teaching hours for study of discipline, organization of self-study,
concomitant repetition, control, revision, and evaluation of students.

We divided students into two groups namely control and experimental one. Control students
studied course materials in classical methodological way when didactic materials and class
activities in the experimental one involved virtual laboratories and short videos.

Our students are familiar with virtual educational tools that physical therapists and clinical
laboratory technicians can use in their professional activities. They are welcomed to use virtual
lab tools before practical classes to simplify understanding of the materials, and then interaction
with teacher in class or via Zoom in case of distance or blended education. The most popular
virtual lab are Praxilab, Labster, and LabXchange (figure 1). They are free, allow students and
teachers to absorb in simple way new practical knowledge, deeper involve into educational
process and offer an easy way for mentor to control track of students.

The virtual laboratories that we have used on the “Clinical and laboratory diagnostic” classes
follow some principals, among them:

1. The principle of interactivity, which based on organizing of interaction between a user,
a virtual laboratory, and a computer that acts as an intellectual assistant. The virtual
laboratory should lead the student during a process of problem solving, allowing or
prohibiting certain types of actions. The teacher should receive all necessary information
to estimate the level of formation of professional competences in a very student and all
his/her classmates.

2. The principle of modelling is in the need to actively implement computer apps in solving
practical problems. The analysis of a problem should begin with the construction of a
biomedical model and then a descriptive model of the problem should be built. Finding an
appropriate solution of a problem is working with the initial data of the models. At each
stage of modelling (formulating initial data, a solution, an answer), the virtual laboratory
must analyze the student’s actions, score them and propose appropriate recommendations.

3. The principle of providing a logical conclusion based on special algorithm of a virtual
laboratory that should receive new information based on the available initial data.

4. The principle of compliance of the components of professional competences with the
capabilities of a virtual laboratory. A virtual laboratory should be focused on the formation
of all components of subject competence.

The main indicator of the effectiveness of the implemented methodology was an increase in
the number of students who completed the interim and final test, showed high-quality skills of
experimental work including pipetting, carried out step-by-step protocols for general blood test,
analysed materials and maid valuable conclusions. We have observed that in the experimental
group the number of students with high scores significantly exceeded the number of students
in the control group.
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Figure 1: Interface of virtual laboratory: A – Labster, B – LabXchange, C – Praxilab

We carried out the survey among the physical therapy degree program students to evaluate
1) the effectiveness of blended education and implementation of virtual laboratory into “Clin-
ical and laboratory diagnostics” and 2) the level of students’ satisfaction in terms of gaining
knowledge, improving practical skills and theoretical backgrounds but not limited too. A total
of 45 students of Bachelor degree took part in this survey. Due to survey results all of these
virtual laboratories helped harness students fair against lack of practical skills while blended
education. As an example, when we compare the responses of surveyed students, 25% of them
emphasized that “Clinical and laboratory diagnostics” discipline enriched with modern ICT
tools (e.g. virtual laboratory apps) had enhanced their digital performance (figure 2). They also
emphasized that using of virtual labs on classes can help overcome digital alienation and gain
their skills and abilities in the field of ICT.

We also observed that the most of surveyed students had positive perception towards using
virtual laboratories and they were basically satisfied with theoretical backgrounds and practical
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Figure 2: The rate of effectiveness of disciplines regarding acquirement digital skills in students of
“Physical rehabilitation” major. A – control group, B – experimental group which was used virtual
laboratories while studying “Clinical and laboratory diagnostic”.

skills which they were imbibing while face-to-face and blended education (figure 3). They also
emphasized the merits of presentations, short videos and materials that had been downloaded
and permanently appeared in the Moodle platform. Almost all of them (82%) expected that in
near future the virtual laboratories would take the dominant place in the education market due to
possibility of students’ pre-train the key points of practical activities before real experiments in
lab and better understand their theoretical backgrounds. Indeed, university managers also may
well find benefits in virtual laboratory using not only in “Clinical and laboratory diagnostics”, but
also in other Natural and Life Science disciplines, because save money for reagents and suppliers
as well as for modern expensive equipment. Due to insufficient funding, many laboratories
in Ukraine equipped with old machines that can affect the results of experiments and pose a
potential risk to students.

Figure 3: The rate of effectiveness of degree program regarding acquirement digital skills in students
of “Physical rehabilitation” major. A – control group, B – experimental group which was used virtual
laboratories while studying “Clinical and laboratory diagnostic”.

Our students are very welcomed to enroll in some online courses stands for massive open
online course platforms, e.g. Coursera. Massive open online course aims to provide real time
education online with the help of various educational tools like short videos, lectures, concept
notes, quizzes and online exams and also tries to make it more efficient and flexible than face-
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to-face education. Massive open online courses also provide interactive discussion sessions
for the user which are likely to be very helpful regarding analytics, data analysis and valuable
conclusions based on synthesis of initial data. Student who was enrolled for one course pretends
to be the candidate for credit transfer within one class or even module. Due to our observation
that makes students more open-minded and creative and totally corresponds to study outcomes
and this option has to be included as one of the key elements of rigorous blended education
environment (figure 4).

Figure 4: The key elements of rigorous blended education environment.

4. Discussion

Due to our knowledge not too much is known about implementation of digital tools while
face-to-face and blended education of future physical therapists [7, 8]. This study called on
bringing some knew knowledge and practical experience in digitalisation of physical therapist
and rehabilitologist classes via virtual lab implementation.

The rapid changes in Industry 4.0 demand change in education and teachers are expected to
bring technology-based innovations to achieve success in learning [6]. Nevertheless Ukrainian
universities own equipment, some of them are pretty old, because as low income country our
Universities obtain not too much money for renovation as well as for suppliers. Using virtual
laboratories in combination with real lab experiments belongs to the possible solution. It has
been recently shown that virtual laboratories which based on 4Dmodel (Define, Design, Develop,
and Disseminate) can help students learn an object that cannot be presented in the classroom
and they supported learning and transfer of knowledge in practical learning, especially during
the COVID-19 pandemic [6]. Also, it was proved that students who were exposed to virtual
lab in terms of pre-laboratory interventions showed lower level of anxiety and higher level of
“experimental self-efficacy” [9]. This finding broadly supports the work of other studies in this
area pursuing the idea that students being highly scored while using virtual lab on classes and
have positive perception towards virtual lab implementation as pre-training option.

Not only in the field of Physical rehabilitation and Physical therapy, but also in areas of
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biochemistry, chemistry, molecular biology via virtual lab implementation we are allowed to
simulate and display processes, which flow is fundamentally impossible in laboratory conditions.
Modern computer technologies make it possible to observe processes that are difficult to
distinguish in real conditions without the use of additional equipment, for example, due to the
small size of the observed particles. Also virtual lab implementation into experimental-oriented
disciplines might help students to penetrate into the intricacies of processes and observe what
is happening in precise time point, which is important for processes that take place in a second
or on the contrary, last for several years. The next important benefit of virtual lab is the safety
in cases where tools and/or material being compulsory for tasks realization should pose risk for
human being, for example, high voltages or chemicals.

Being controlled by a computer, it becomes possible to quickly conduct a series of experiments
should realize in a minute in virtual room with different values and input parameters. In that
way we can simply find out correlations between output parameters and input ones. Finally, a
separate and important advantage lies in the possibility of using a virtual laboratory in distance
learning, when, there is no possibility of working in the laboratories at universities, as an
example lock- or even shut-down in time of COVID-19 pandemic.

Blended or even online learning has not been very popular in physical rehabilitation and
health care education. Nevertheless, some existed references support their effectiveness and
emphasized that blended learning delivered in health care education is at least as effective, and
could at times be more effective, than traditional face-to-face instruction [10, 11]. At the course
level, many studies pointed that online learning of specialists in health care has equal or even
better learning outcomes and supports higher student satisfaction [11]. However, successful
implementation of online learning into the curricula of physical therapist and health care majors
requires a deep-discussed and analysed strategy [12] which could be enriched with practical
virtual cases and modern ICT tools (virtual laboratories and simulation apps as the examples).

5. Conclusions

All in all, the application of the virtual educational laboratories for studying natural sciences
disciplines significantly improves the effectivity of the learning process, makes it more mean-
ingful, profound, promotes the development of digital skills and abilities in students and staff,
improves the quality of education, and simplifies distance education and/or blended education
is becoming very popular while COVID-19 pandemic. Indeed, a simulator can’t completely
replace the experimental work and teacher’s explanation, but virtual laboratories might support
teaching activities of a modern mentor, learning activities of a modern student, improve pro-
fessionalism, open new horizons and, most importantly, allow to strengthen the motivational
component of learning through an active dialogue between the student and the computer, by
orienting the student towards success and mastering the basic knowledge of natural sciences,
including clinical and laboratory diagnostics.
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Formation of professional competency in life saving
appliances operation of future seafarers by means of
online and simulation VR technologies
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Abstract
Nowadays simulation training technology is a priority method of maritime specialists’ practical training
in the world. The main purpose of using VR simulators within an educational process is to simulate
work on real equipment in order to form professional competencies of seafarers. The article describes
system of blended learning on the basis of Kherson State Maritime Academy, that includes alternation of
traditional and online learning, virtual training by means of the VR technology, training on simulators.
In accordance with the principles of blended learning in Academy, there was developed an author’s
course “Rescue boats and life rafts specialist”, which aims at providing theoretical and practical training
of seafarers on launching and handling the lifeboats and liferafts and, as a result, ensures seafarers’
formation of professional competency “life-saving appliances operation”. The article also reveals the
results of an experiment with implementation of VR technologies in forming the professional competency
“life-saving appliances operation”. The deviation of the results in control and experimental groups was
9,8%. The effectiveness of our research was manifested in the fact that students have gained experience
of practical skills before coming to the vessel and showed higher level of educational achievements in
professional competency “life-saving appliances operation”.

Keywords
virtual reality, professional competences, maritime specialists, LMS Moodle simulation technologies, life
saving appliances, Maritime English

1. Introduction

1.1. Research relevance

Global trends in the use of digital technologies, innovative approaches to learning are leading
to dynamic changes in the global educational space of higher education. The formation of an
innovative space with increased change in production technologies and the introduction of
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complex management systems on a digital basis require continuous education of specialists and
the transformation of higher education models.

The formation of a seafarer’s professional competencies has always been associated with many
years of professional experience. Professional education of maritime specialists emphasizes
the practical orientation of the educational process, which takes place in real practice directly
on ship. The International Maritime Organization (hereinafter – IMO) has identified the need
to use simulators to develop professional competencies. This requirement is enshrined in
the International Convention on Standards of Training, Certification and Watchkeeping for
Seafarers (hereinafter – STCW) [1] and is mandatory for obtaining the established standard of
competence. Such a strict approach to the organization of the seafarers’ educational process
is due to the peculiarities of higher maritime education and high social need in qualitative
training, their responsibility for life and material equipment. Assessment of competency level is
determined by a professional standard, which defines all the functions, actions and assessment
of the competencies’ acquisition.

Full implementation of blended learning during the COVID-19 pandemic revealed a set of
educational risks, such as reduced attention and interest in the content of educational cases
and presentations, loss of understanding the dynamics of processes, awareness of problems
and risks of professional activity [2, 3]. Bondarenko et al. [4], Bukreiev et al. [5], Bykova et al.
[6], Cherniavskyi et al. [7], Holiver et al. [8], Kartashova et al. [9], Kim et al. [10], Kravtsova et al.
[11], Krylova-Grek and Shyshkina [12], Kucher et al. [13], Osadcha et al. [14], Ponomarova et al.
[15], Radianti et al. [16], Sun [17], Vlasenko et al. [18], Voloshynov et al. [19] have focused their
research on finding effective learning technologies and analysis of their impact on professional
development in a blended learning. It was found out that the most effective ones are the
technologies of figurative imagination for the development of professional competencies in
blended learning.

1.2. Related work

The use of VR simulators began relatively recently, but has already accumulated significant
material for research. Thus, an analysis of the literature on recent experimental data suggests
that virtual reality can ensure students’ motivation and engagement, and provide higher-quality
learning [20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31].

The implementation of modern technologies into maritime education, including virtual re-
ality simulators, helps to improve the effectiveness of professional competencies’ formation,
makes the learning process time-saving and safe, positively affects the consolidation and imple-
mentation of the accumulated theoretical material, makes the educational process motivated
[20].

In the context of limited opportunities due to COVID-19, the possibilities of digital and
distance learning, the functionality of VR simulators can present a new Maritime Education
and Training (hereinafter – MET) paradigm in the discourse of the learning concept anytime
and anywhere [10]. These processes will result in rethinking of the post-pandemic pedagogical
approach, representing a mixture of full-time and distance learning [21].

The use of a virtual environment in connection with the novelty of its application requires to
provide a comfortable atmosphere for working with the equipment, evaluate objectively the
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advantages of the work and the prospects for its use.
The latest gains in virtual reality represent a new supplement to professional education

and training. The main aim of VR simulation technologies is to simulate the work with real
equipment in order to form professional competencies settled in STCW [32, 33].

Simulation training is treated as a mandatory component in professional training that uses a
model of professional activity in order to provide an opportunity for each student to perform
this professional activity or its element in accordance with professional standards [34].

VR technology is aimed at mastering the algorithm for the formation of practical professional
competencies of specialists [32]. VR includes “a wide variety of computer-based applications
commonly associated with immersive, highly visual, 3D characteristics that allow the participant
to look about and navigate within a seemingly real or physical world” [35]. VR is characterized
by enhanced visualization effect, which allows you to feel a higher degree of immersion with
the possibility of interactive interplay [36].

In experimental practice, the resources of virtual reality simulators can effectively fill the lack
of laboratories, allowing to train in new conditions that provide a student with new information
[36, 37].

Students often interpret virtual reality not only as a tool to gain knowledge and skills, but
also as a means of fostering positive learning experiences with evidence of improved learning
outcomes at higher levels of immersion [38].

VR is a technology that can interest and motivate a user, and can also help in cognitive
processing and transfer of knowledge [39, 21]. At the simulation stage, the competences,
necessary for the implementation of quasi-professional activities, are improved [19].

The whole complex technological process is decomposed into sublevels and operations that
must be performed. According to Mirzakhmedova [40], the technology of VR training is aimed
at multilevel acquisition of practical skills, and as the levels are passed, acquired skills are
layered on each other in a clear sequence of formation in a real professional environment.

VR-based simulators support two learning theories – experimental and constructivism [10, 20].
Fromm et al. [39] proved that the unique possibilities of VR contain all modes of experimen-
tal learning (specific experience, reflexive observation, abstract conceptualization and active
experimentation).

Simulation practice has a successful history of integration into maritime education; investment
in the development of simulators is constantly growing. Thus, simulators of equipment in the
bridge and engine room are nowadays used to train seafarers [7, 19, 33].

Despite the fact that maritime industry has developed a regulatory framework for training
and assessing the competencies of seafarers, formation and assessment of competencies is still
changing with the course of technological progress. The nature of MET is changing in the
context of influence of the latest generation technologies as teaching tools [10]. As a result the
questions arise: “how will online technologies of distance learning and simulators be combined?”
and “what will their effectiveness and weaknesses be?”[20].
The aim of the article is to substantiate the system of professional training of seafarers by

means of online and simulation VR technologies.
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2. Results

The educational process at Kherson State Maritime Academy (hereafter – KSMA) is based on
the system of blended learning, which provides for the integration and complementarity of
such types of educational activities as (figure 1):

1) alternation of traditional and online learning, where the latter is based on the synchronous
(learning in real time with the involvement of a group of students through conference
programs in LMS Moodle) and asynchronous (covers individual or group work, even if
participants can not be online at the same time through means of media – e-mail, chats,
social networks, forums, etc.) approaches;

2) virtual training by means of the VR simulator, the purpose of which is the practical de-
velopment of competencies according to a certain algorithm in a virtual environment that
maximally simulates the working conditions on the ship;

3) training on simulators – maritime equipment simulators that allow you to practice profes-
sional competencies;

4) training during practical training on the ship.

Figure 1: Scheme of educational process at KSMA.

At the first stage, in line with the theory of Staker and Horn [41] on models of blended
learning, the alternation of traditional and online learning in KSMA follows due to the model of
rotation, when students change the learning format from face-to-face to online and so on until
a certain competency is formed. In the context of the COVID-19 pandemic, a flexible model can
be used, where students study mainly online as part of e-learning modules, and the instructor
provides online consultations as needed.

In the second and third stages, the learning activities correspond the mix model, when
students supplement practical classes with courses on virtual reality and simulators according
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to a certain schedule. The prospect of developing virtual learning is its transition to the last
model of Staker and Horn [41] – an enriched virtual model, where learning takes place mostly
online (in the laboratory or at home) with students using VR glasses, but with the possibility of
consulting an instructor if necessary.

The fourth stage of training at KSMA involves real vessel practice, which allows the practical
application of acquired professional competencies in the real working conditions of future
maritime specialists.

In accordance with the principles of the system of blended learning in KSMA, a series of
author’s courses was developed. These courses include all four stages of educational and method-
ological activities. One of them is the author’s course “Rescue boats and life rafts specialist”,
which aims at providing theoretical and practical training of students on the launching and
handling the lifeboats and rafts (except speedboats) during emergency accidents in accordance
with the STCW Requirements VI/2, Section A-VI/2, paragraph 5 and Tables A-VI/2-1, A-III/1
(table 1) and IMO Model Course 1.23.

Table 1
STCW requirements A III/1.

Competence Knowledge, understanding
and proficiency

Methods for demon-
strating competence

Criteria for evaluating com-
petence

Operate life
saving appli-
ance

Ability to organise abandon
ship drills and knowledge
of the operation of survival
craft and rescue boats, their
launching appliances and ar-
rangements, and their equip-
ment, including radio life-
saving appliances, satellite
EPIRBs, SARTs, immersion
suits and thermal protective
aids.

Assessment of evi-
dence obtained from
approved training
and experience as
set out in section A-
VI/2, paragraphs 1 to
4

Actions in responding to
abandon ship and survival
situations are appropriate to
the prevailing circumstances
and conditions and comply
with accepted safety prac-
tices and standards.

In accordance with the statements of the IMO Model Course 1.23, the main purpose of
the author’s course “Rescue boats and life rafts specialist” is the formation of professional
competency “proficiency in life-saving appliances” in accordance with the minimum standard
of competency in lifeboats and rafts “Proficiency in Survival Crafts and Rescue Boats” (IMO
Model Course 1.23). The future maritime specialist will gain skills in operating life-saving
appliances, operating a life raft or lifeboat during and after launching. In addition, students will
have knowledge of the proper use of all devices indicating location, including communications,
alarms and pyrotechnics, how to provide first aid to victims.

Before starting virtual training on the topic “Rescue boats and life rafts specialist”, students
must have a basic level of training by means of blended learning on the following topics:
“Rescue procedure”, “Abandon ship procedure”, “Proper use of emergency equipment”, “Types of
lifeboats and rafts”, “How to coordinate a rescue operation”, “How to operate a closed lifeboat”,
“Lifeboat handling”, “Usage of communication devices such as pyrotechnics and signaling
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equipment”, “Basic knowledge of first aid assistance”, “Distribution of tasks and responsibilities
while abandoning the ship”.

Lectures, practical and laboratory classes are used to ensure blended learning at KSMA.
According to Bloom’s taxonomy [42], they form knowledge, understanding and application.
The above mentioned topics are covered during educational process in such disciplines as
“Navigation and sailing directions”, “Ship handling”, “Maritime English”, “Electrical and radio
navigation equipment”, “Global maritime communications for search and rescue».

One of the important areas of work on the introduction of blended learning with elements
of online learning in KSMA was the development of a digital educational environment that
combines LMS Moodle (https://mdl.ksma.ks.ua/). This work allowed to create an information
database of educational, methodical, scientific information on the main areas of activity. The use
of modern digital technologies allows to transfer the learning process to a qualitatively new high
level. At this level, the role of the student changes to an active participant in the educational
process, which is directly involved in creating and managing its educational trajectory. The
potential of blended education is provided by the completeness and accessibility of all academic
disciplines, the relevance and possibility of interactive cooperation between a student and an
instructor. That is why LMS Moodle was chosen to create e-learning modules.

E-learning modules are treated as units of online learning that cover knowledge and skills
on some topics in their logical sequence. Thus, the content of a particular topic is presented
in the form of a series of e-learning modules, after which the student is tested for the level
of assimilation of the studied material. In addition to the text part, such modules usually use
drawings, photographs, graphics, computer animations, interactive demonstrations, hyperlinks,
a glossary, specialized databases, audio and video recordings of various formats.

If the e-modules provide a summative assessment as a result of the acquired competencies, the
LMS ensures the assessment itself. However, the LMS is only a mechanism that needs to be filled
with learning content. At the same time, e-modules make up this educational content in general.
Thus, the integration of e-learning modules with LMS Moodle provides feedback between
the teacher and the future maritime specialists makes the online learning process flexible and
distance learning complete with the ability to assess objectively students’ competencies in a
COVID-19 pandemic.

E-learning modules are a supplement to the lesson, which aims not only to deepen the
knowledge of maritime specialists on a particular topic, but also to increase interest in discussion
outside the audience (video and audio materials on discussion topics, cases for group discussion
of problematic situations, illustrations with tasks for development of critical thinking, game
exercises to consolidate the material, role play of situations, collaborative projects). Teaching
the same training course can be conducted by several instructors, each of whom forms his/her
e-learning modules in LMS Moodle.

The author’s training course “Rescue boats and life rafts specialist” has a corresponding
e-learning module in LMS Moodle for 20 hours and 10 topics. Each topic includes text, audio and
video materials in maritime English, accompanied by closed (controlled) and open (production)
tasks with the involvement of professional terminology of the IMO Model Course 3.17. Among
basic LMS Moodle tools used when creating a course there are such as “task”, “test”, “choice”,
“lesson”, “forum”, “URL (web link)”, “chat”, etc. (figure 2).

Upon the completion of each module, students undergo a current assessment in the form of
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Figure 2: E-learning module in LMS Moodle.

tests and speaking exams, which allows them to advance to the next module. The exam on a
specific topic is scheduled according to the Recosha meet conference program in LMS Moodle,
which not only allows you to communicate online, but also records each exam, confirming its
objectivity.

Upon completion of the “Rescue boats and life rafts specialist” e-course at LMS Moodle,
students take a summative testing assessment of the level of knowledge gained, accompanied by
a speaking competency in the format of an interview. This form of current control of knowledge
simulates the conditions of passing the professional interview for future maritime specialists.

The testing tasks are constructed in such a way as to check the cluster of competencies
(linguistic, functional, strategic and sociolinguistic) in their unity. If in most e-learning databases
(Marlins, MarTEL, TOME, TOMEC) gradation of test tasks is carried out mainly in the categories
of “listening”, “grammar”, “vocabulary”, “reading”, and sometimes “writing”, then in KSMA
techniques of tests and their content come from the specific context of language use, real-life
communication situations on board (real-life scenarios). Separately selected grammar exercises
are out of focus.

According to the results of quantitative analysis of testing techniques on the LMS Moo-
dle platform, the most priority is taken by “multiple-choice tests” – short answers based on
statements or texts, “yes / no tests” or “compliance tests” (“true / false tests”) – short answers
used in reading and listening, “rearrangement tests”, “gap-filling tests” or “short answers” –
are often used to test vocabulary and application filling skills. The above types of tests are
always presented in combinations with illustrations, video and audio materials (listening –
multiple-choice tests, reading – yes / no tests, watching – gap-filling), which are as close as
possible to the real conditions of communication on board (figure 3).

After gaining a passing score, students are admitted to the next type of training – virtual.
While completing practical tasks on the VR simulator due to the course “Rescue boats and life
rafts specialist”, future maritime specialists must demonstrate professional competencies using
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Figure 3: Testing tasks within e-learning module.

the maritime terminology of IMO Model Course 3.17: “ability to operate a boat according to a
compass”, “skills of towing other boats and rafts with a lifeboat”, “approaching a lifeboat to the
ship”, “use of devices to determine the location of the boat”, “use of lifeboat radio equipment”,
“preparation and safe launching of lifeboats and rafts”, “abandoning the vessel within a free fall
lifeboat”, “use of inflatable life raft”, “ability to operate a lifeboat on water”, “use of signaling
equipment”

The content of the virtual module consists of 11 basic stages, the completion of which is
necessary for successful demonstration of professional competency in launching the fully
enclosed and free fall lifeboats in rough weather, following the procedures and scenarios of ship
drills (figure 4).

Practical classes on the virtual simulator are held on a schedule in a specially equipped
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Figure 4: Virtual module “Lifeboat and Raft Specialist”.

virtual reality laboratory. A small group of students (no more than 10–16 participants) joins the
classes. The lesson has a flexible structure and is built on individual, pair and group format of
interaction. The language of the lesson is Maritime English with the involvement of professional
terminology of the IMO Model Course 3.17.

In turn, students wear VR glasses and join the process of passing the necessary stages of
virtual module [43] while one of the students goes through part of the stage (for example,
“Abandoning the ship in free fall lifeboat”), performing the appropriate commands in English,
the other students see his actions on a big screen and work in groups or pairs, discussing each
step, commenting on compliance / inconsistency of actions in this situation.

One of the advantages of practical classes in such virtual environment is the endless number
of attempts and the simulation of real conditions for passing ship’s drills.

Training on simulators at KSMA takes place in 13 training laboratories that meet the require-
ments of IMO and STCW Convention 78/95. Within the author’s course “Rescue boats and life
rafts specialist” 3 training laboratories are involved: “Survival at sea and fire fighting training
complex”, “Life saving appliances onboard a vessel” and “Global maritime distress and safety
simulator”.

Thus, training laboratory “Survival at sea and fire fighting training complex” contains a water
pool for practicing water rescue and helicopter rescue skills, a fully enclosed lifeboat (figure 5).
All works on the installation of equipment for the training complex was performed by the
Irish company SEFtec. This laboratory allows students to acquire practical skills in the course
of training in personal survival at sea, first aid, personal safety and social responsibilities in
accordance with national requirements and the requirements of the International Convention
STCW 78 with amendments, requirements VI / I, requirements of IMO Model Courses 1.13, 1.19,
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1.20, 1.21.

Figure 5: Training laboratory “Survival at sea and fire fighting training complex”.

3. Results

The research was held on the basis of the KSMA, a training complex and classrooms with virtual
simulators. 211 students of the II course and the II course (abridged program) of the speciality
“Navigation” and 14 teachers took part in the experiment. It was conducted special survey,
questionnaire and testing.

The program of the research included: checking the level of professional competency for-
mation “lifesaving appliances operation”; preparing the tool for diagnostics professional com-
petence; creating methodical recommendations for the VR simulator on the basis of KSMA;
statistical analysis and theoretical analysis of the research result.

To solve the highlighted tasks, we used the set of scientific methods:analysis of materials
received on the basis of research, also: questionnaires, diagnostic tests; monitoring students’
work in the ordinary classrooms and in the classrooms with VR simulators, as well as taking into
account the development of a motivation as for using virtual technologies; the questionnaire and
testing was carried out to check the level of professional competency in lifesaving appliances
operation.

The first stage of our research was to check if the students have proficiency in life-saving
appliances. We made diagnostics of professional competence in lifesaving appliances operation.

Also on the first stage we wanted to understand if control and experimental groups are
statistically equal. In the process of research, we used different tests to check each element of
professional competence (understanding all commands in Maritime English, connecting the
painter, pulling out the pin of the slip hook, releasing the davit arm stopper by operating the
handle, pulling out the safety pin of the davit arm stopper, opening the lifeboat door, switching
all lights, closing engine hatch, starting the engine, connecting the davit operating grip to
remote control wire). To check understanding commands in Maritime English we used Maritime
English Test, to check how students can connect the painter of survival craft we used check-list
to verify the correct actions, etc.
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The assessment of each check-list was conducted with a help of 100 points degree. In the
control group there were 103 students and in the experimental group there were 108 students.
The results of the diagnostics showed that the average number according to each element of
the professional competence in lifesaving appliances.

So the results have shown the low level of students’ educational achievements. To check the
deviation of statistical difference between control and experimental group we used Pearson
criteria (𝜒2). Using the data we get 𝜒2 =5.99. In result, the deviation in control and experimental
groups showed that these groups are statistically the same.

On the second stage of the experimental work was conducted with our course author’s
course “Rescue boats and life rafts specialist”. The main aims of the second stage were to check
effectiveness of the course and to make analysis of data in control and experimental groups.

This author‘s course was used in experimental group. It was providing theoretical and
practical training of seafarers on launching and handling the lifeboats and rafts and, as a result,
ensures seafarers’ formation of professional competency “life-saving appliances operation”.
Students got basic level of proficiency within blending traditional classes in Academy and
e-modules in learning management system Moodle. Also students in experimental groups used
VR simulator and additional exercises in Maritime English.

In the end of experiment we used check-lists and tests to compare deviation between two
groups. The results are shown in table 2.

Table 2
Results of the assessing professional competency in life-saving appliances operation

Maritime English and Practical Demonstra-
tion

Control
group
(Subgroup
A1)
54 students

Control
group
(Subgroup
B1)
49 students

Experimental
group
(Subgroup
A2)
55 students

Experimental
group
(Subgroup
B2)
53 students

Understanding all commands
in Maritime English

78 74 94 92

Connecting the painter 83 81 93 84
Pulling out the pin of the slip hook 86 85 95 85
Releasing the davit arm stopper by operating
the handle

87 77 93 91

Pulling out the safety pin of the davit arm
stopper

81 83 96 92

Opening the lifeboat door 83 76 94 88
Switching all lights 82 78 93 89
Closing engine hatch 78 79 89 87
Starting the engine 82 83 92 92
Connecting the davit operating grip
to remote control wire

87 82 95 89

Average 82.8 79.7 93.4 88.9

The results are shown that the statistical deviation between groups is 9,8%. Students from
experimental group reacted quicker and made all actions in VR simulator from the first time. It
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was noted that students from control group passed the VR simulator in 3 days and students
from experimental group passed the VR simulator in 1 day.

Also it was conducted special questionnaire for those instructors who were in experimental
subgroups (table 3).

Table 3
Questionnaire for instructors

Statements
Answers:

fully agree

Answers:
neither agree
nor disagree

Answers:
disagree

Students understand the learning objectives in the be-
ginning of the experiment

88 12 0

Students were highly motivated to work with VR tech-
nologies

97 3 0

The level of Maritime English was improved 81 17 2
Students were active during the lessons involving VR
technologies

83 11 6

It was time-consuming to conduct lessons involving VR
technologies

3 10 87

The results of questionnaire showed that instructors noticed student‘s understanding of all
learning objectives. Students were motivated to work with VR technologies. Instructors stated
that the level of Maritime English was improved as students had additional tasks to practice
professional competency in lifesaving appliances operation. Also students were active during
the lessons which involved VR technologies and instructors stated that it wasn’t time-consuming
to conduct the lessons involving the VR technologies.

4. Conclusion

The results of the research showed that implementation of VR technologies in forming the
professional competency in lifesaving appliances operation within the author’s course “Rescue
boats and life rafts specialist” was “a must” innovation. VR training enabled seafarers with high
motivation and interest providing deep immersion into virtual environment resembling the
real ship conditions of work. Pair and group format of VR training classes resulted in active
speaking and describing every step on a virtual reality ship.

Research reveals that range of the results in control and experimental groups is 9.8%. But the
instructors noticed that students were highly motivated to practice with VR technologies. The
effectiveness of our course “Rescue boats and life rafts specialist” was manifested in the fact
that students have gained experience of practical skills before coming to the vessel. Instructors
have acquired methodological experience in conducting lessons by means of VR technologies.
The research implements the interest of all participants in the educational process in objective:
the relationship between an instructor and a student in the “subject – object” format replaces
the “subject – subject” relationship, therefore, the relationship becomes a partnership.
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The results of the study prove that online and simulation VR technologies can facilitate
learning, complement existing educational approaches and provide maritime specialists with
new and effective content delivery means that are highly oriented on practice.
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Abstract
The study reveals the possibilities of using the words’ cloud in the literary education of primary school
children. The authors consider the possibility of using a cloud of words to visualize the keywords of
the text for the translation of the work of art, the interpretation of the main idea and the characteristics
of the artistic image. The words’ cloud can also be used as a reference summary to answer questions
about the content of the work or to present the results of a school project by students. Moreover, in
reading lessons, this tool can be used as a tool to identify the topic of the lesson. The study reveals the
possibilities of the didactic tool of the words’ cloud for the development of speech of primary school
children, in particular, in composing their own texts and editing them, the ability to explore words that
the student uses too often and avoid tautology. Using the method of a problem situation and visually
demonstrating information through a cloud of words, the teacher pro-motes the activation of students’
mental activity, the development of creative abilities and critical thinking. The study tested the use
of the electronic resource WordArt in primary school – a website for creating a “word’s cloud” and
proved its effectiveness in reflection, as well as creating an image of the main idea of the lesson, general
conversation, its use as didactic material. The authors used the technology of learning using a cloud
office package Google Drive to write a draft of their own statement of primary school children. The
authors investigated the use of the service in the lesson of literary reading during the organization of
reading activities in the following areas: in the “cloud of words” to encrypt the topic of the lesson; using
the cloud as visual material or as basic information to explain new material; encrypt certain words from
the text in the cloud, students’ task to guess the work; create a cloud of words of positive and negative
characters of the work; write a story on the topic; create an “encrypted postcard” to the writer or hero of
the work. In the course of experimental work, the effectiveness of the use of this didactic tool in the
lessons of literary reading in primary school during the analysis of texts in order to identify the most
important associations of students was confirmed.
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1. Introduction

1.1. The problem statement

The development of modern education is directly related to the informatization of society [1].
Currently, the effectiveness of the teacher is impossible without the skillful use of Internet
resources in the educational process, the use of various services for learning. The use of
information and communication technologies is rapidly becoming important, especially those
that allow the teacher to develop tasks aimed at developing the cognitive interest of students,
their activity in the learning process. Among such technologies, the “cloud of words” is becoming
popular, which helps to increase the productivity of the lesson, students’ interest in completing
tasks, developing their critical thinking and creativity.

A word cloud, as defined by Gottron [2], is a visualization of the frequency of words in a
text in the form of a weighted list. This technique is commonly used to visualize thematic
content. Thus, the word cloud can be an alternative way of structuring and visualizing textual
information, which is appropriate to use in educational work. Unusual in form and content,
the word cloud draws attention to the object and focuses students on the markers of the text,
the keys to understanding it. The shape of the cloud is usually symbolic, and its filling with
words reflects the semantic accents. The symbolism of “clouds”, the definition of key-words
in them and the emphasis on the main thing in the text suggests the use of this tool in the
literary education of primary school children. Thus, word clouds can be successfully used in
the implementation of the leading tasks of literary reading in primary school, provided by the
standard program, in particular: mastering the techniques of structural-semantic and figurative
analysis of the text; development of figurative, critical, logical thinking and speech; formation
of skills of critical use of media products; development of imagination and ability to express
oneself in different types of literary and creative activity, to express one-self and communicate
with others with the help of one’s own media products.

1.2. Literature review

We have analyzed studies by deNoyelles and Reyes-Foster [3], Jayashankar and Sridaran [4,
5], Olefirenko et al. [6], Philip [7], Shyshkina [8], Skiba [9], Stott et al. [10], Viveiros and
Medeiros [11], Wang and Sumiya [12], Zan et al. [13] that focus on the use of the “word cloud”
in education and provide an appropriate understanding of how this didactic tool contributes to
the effectiveness of learning.

Franchuk [14], Lytvynova [15], Popel and Shyshkina [16] characterized the features of the
cloud-based learning environment. Damniskaya [17] considered in its study cloud-based plat-
forms, tools and services. Among the advantages of cloud platforms, the researcher notes the
possibility of teamwork (sharing an array of data for multiple users); synchronization (updating
files on different devices); accessibility (cloud is available to anyone from anywhere where there
is access to the Internet).

Of the many works on cloud technology, we have relied on those relating to primary school
in general and the literary industry in particular. Sheina [18] has developed guidelines for the
use of SMART boards in primary school lessons. The researcher noted that with the help of
modern information and organizational systems happens the creation of intelligent, high-tech,
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comfortable for human educational environment. Shustakova [19] researched the problem of
forming students’ cognitive activity by means of Google services. The researcher noted that
“in the process of using Google services, the teacher can more flexibly man-age the process
of cognition, motivation, organize independent work of students in the form of individual or
group tasks”.

In accordance with the problem of our study, our attention attracted the work of Kaser and
Lemire [20], which associate the drawing of cloud tags with algorithms for visualization in the
cloud. Bilousova and Zhytienova [21] consider cloud services as an effective visualization tool,
which makes it possible to: “intensify the educational process at the expense of economic in
volume and time figurative representation of educational material; to focus students’ attention
on the main semantic elements of the educational material, highlighting them in the visual
image and at the same time filtering out secondary and unnecessary details; to create a positive
emotional background during the lesson, to awaken the cognitive interest of students; to
promote the formation of the initial correct ideas of students about the object of study”.

Makhachashvili et al. [22, 23] consider the technology of visualizing the text of poetry using
emoticon symbols on the Emoji Maker platform, which not only activates students’ thinking,
but also develops creative attention, allows to briefly reproduce meaning poetry in an unusual
way. The authors note that emojis in the study and development of literature is a completely
logical tool because emoticons, emojis, installed in the digital continuum, express the feelings,
emotions and moods of the lyrical hero. It was found that sensuality can be reconstructed using
this type of metalinguistic digital continuum. This study prompts us to create eidos of works of
art through a cloud of words using the WordArt service.

Jayashankar and Sridaran [24] created a superlative model using word cloud for short answers
evaluation in e-learning. The unique model created by the authors provides increased accuracy
by constructing word clouds. The model uses appropriate semantics with visual appeal to
partially automate the evaluation of free text. The use of tag cloud as a tool for visualizing
information and finding information to raise awareness is discussed in the study of Ram [25].
The results of this study show that tag clouding helps to create a visual effect and helps users
learn about the availability of resources in the library, along with joint activities such as reviews
and feedback, choose the right type of reading material. Godwin-Jones [26] believes that web
browsing, and reading should be complemented by the ability to sort, navigate, and think
critically. The author considers the means, tools, services, and approaches to search, create, and
convert texts on the Internet, as well as their opportunities for language learning.

Many teachers are actively using cloud technology in their work. In particular, Kalinkina
[27] suggests using the word cloud as follows: as didactic material in lessons (electronically or
printed); to provide information about oneself or about a person (in the portfolio, in generalizing
the experience, in presentations, on the site and / or in the blog); to create bright products (leaflets,
information and advertising booklets, newsletters, presentations); to focus on important dates,
events, key moments (in generalizing the experience, in analytical materials, in presentations,
etc.); as a visualization of the criteria for evaluating something; to present the results of a survey
or discussion, etc. Teachers’ forums are actively discussing the use of cloud technologies in the
classroom, which indicates the urgency of the problem and its practical significance.
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1.3. The aim of the research

Thus, word clouds are increasingly used in various fields of education, teachers-practitioners
create a variety of media educational products for students to visualize and structure texts, it’s
easier remembering, but the methodology and effectiveness of “clouds” in reading lessons in
primary school remains unexplored.

The purpose of this article is to substantiate the prospects of using the word cloud as a didactic
tool in the literary education of primary school children, organizing and testing the effectiveness
of reading activities of primary school children by activating students’ work with visualized
keywords in the weighted list.

To achieve this goal, it is necessary to solve the following tasks:

• to analyze scientific sources on the problem of using the word cloud in education;
• to characterize the possibilities of using the word cloud in working with younger students

in reading lessons;
• to check the effectiveness of reading activities of primary school students, provided that

the work with the word cloud is intensified.

2. Discussion and results

Within the framework of this problem, a study was conducted to study the possibility of using
the “word cloud” as a means of activating the analytical thinking of younger students in the
process of reading. Based on the state requirements provided by standard educational programs,
several tasks with a cloud of words for students of 3rd–4th grades of primary school were
developed for the introduction of the subject “Literary Reading”. 5 topics from literary reading
were selected, which relate to the study of various genres of fiction works of children’s literature
(literary tales, stories, poetry) and the study of paremias. In the distance learning process,
students worked with word clouds from home computers, tablets, and smartphones during
online lessons, adhering to the standard requirements for such work by younger students.
Clouds of words printed on paper were used as didactic material to work in the classroom.

On the topic of “Oral Folk Art” in the 3rd grade, word clouds were created from proverbs
and sayings, which were offered to students for analysis and recognition of familiar paremias.
Viewing, analysis, interpretation of visual media products in the form of a team game contributed
to the effectiveness of awareness of the content and memorization of small folk genres, ensured
the activity of students and their interest in oral folk art.

During the study of epic works (stories, literary tales, excerpts from stories), word clouds
were created in accordance with the tasks: the formation of skills in younger students to find
in the text words, expressions, sentences that are key to understanding the text, character’s
characteristics; independently determine the theme of the work and the main idea with the
help of visual media products; cor-relate the main idea of what is read with the title, proverb,
illustrations. Students were asked to consider a cloud of words that visualized the key words of
the text to translate the work of art, interpretation of the main idea, the characteristics of the
artistic image. Analyzing any text, students must activate the creative imagination. Keywords
will help you easily remember and reproduce the content of a work of art (figure 1, 2).
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Figure 1: Clouds of words based on the works of Zirka Menzatyuk.

Figure 2: Clouds of words based on the works of Lesya Voronina.

The word cloud was also used as a clue to answer questions about the content of the work.
The means of visualizing the frequency of words in the form of a weighted list in the works
about children accentuated their feelings, hobbies, dreams, character traits; in works about
nature – the state at different times of the year, artistic means of depicting literary landscapes;
in works about the Mother-land – native language, traditions, history, native land; in works
about outstanding people – discoveries, achievements, character traits, peculiarities of life, etc.

In order to determine the theme of the work of art, students were asked to work on word
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clouds composed of unfamiliar text, so that students can guess what in its content is. To
emphasize the bright artistic means of the work, students were offered a text with spaces
accompanied by a task to fill them with a cloud of words. During the generalization on the
topic, students were asked to collect in a cloud of words the names of the heroes with the title
of the work, the names of the authors and the names of the works.

In the process of studying poetry for children, the study of the means of artistic expression,
finding words with figurative meaning in the text with the help of a cloud of words was updated.
This ensured the development of the skills of younger students to highlight in the text vivid
images, artistic means that help to convey the overall emotional tone of the work, mood, to
recreate in the imagination pictures of nature, its state, place of events and more.

With the help of visualization of keywords in the form of a weighted list, younger students
were invited to present the results of the school project. With the help of WordArt service,
students created a cloud of words that they associate with writers who write for children. Note
that students were able to work with English-language service due to the specialization of the
school (learning a foreign language).

Didactic materials and students’ examples from word clouds were created using the electronic
resource WordArt (https://wordart.com). This online service allows one to create a mosaic of
keywords and phrases, attach links to each of the words to make the cloud interactive. For
visual design of the word cloud, additional settings were used: shapes – choosing the shape
of the cloud from the library (one can upload your image); choice of fonts; layout formation –
choosing the location of words in space; choice of colors and animation options.

Using the method of problem situation and visual demonstration of educational information
with the help of a cloud of words, the teacher promotes the activation of mental activity of
students, the development of creative abilities and critical thinking. It is appropriate to use the
word cloud as a didactic tool for the development of speech of junior schoolchildren, mainly in
composing their own texts and editing them. Younger students were asked to create a cloud of
words from their own statements about the children’s book of a modern Ukrainian writer. In
this way, students had the opportunity to explore the vocabulary of their own utterances, to
see the words they use too often. This technique has become effective in detecting one’s own
mistakes to avoid a tautology in the future. In order to enrich the oral and written speech of
primary school children, the task was formulated to form word clouds on various topics, such
as: “Why is it so important to have friends”, “Meeting with a writer”, “My favorite book”.

The study used the technology of learning using a cloud office package Google Drive to
write a draft of the own statement of younger students. Thanks to the possibilities of this
technology, students created their own texts, had the opportunity to get acquainted with the
texts of their classmates, to enter an imaginary dialogue with them, to use the most successful
language constructions. In addition, Google Docs tools allow students to see and correct their
own spelling mistakes.

Moreover, in reading lessons, the word cloud tool was used as a tool to identify the topic of
the lesson through the visualization of keywords. It is important that the generated cloud can
be embedded on the teacher’s website or blog, saved in JPG, PNG, or PDF photo format, printed
as didactic material, sent by e-mail, placed on interactive whiteboards.

In order to test the effectiveness of the use of the word cloud in reading lessons in 3rd–4th
grades of primary school on the basis of reading competence of primary school students one
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has determined criteria, indicators and levels of testing the results of experimental research.
The structure of reading competence according to Vashulenko [28] was taken as a basis, which
identified the following components: cognitive (which includes semantic perception, mental
processing and interpretation of what is read); communicative (speech development, which is
determined by the coherence, content and imagery of speech, accuracy and appropriateness
of the use of language in creating an artistic image, the ability to talk about what is read, to
create their own statements on the content of what is read); value (understanding of social,
moral and ethical values reflected in the literature); activity (analysis of the work, the ability to
think outside the box, to enter into a dialogue with the author or hero), personal and creative
(motivation for literary and creative activities).

In table 1 we will define criteria and indicators of check of activation of reading activity by
means of a cloud of words according to characteristics of reading competence.

Table 1
Criteria and indicators for checking the activation of reading activity by means of the cloud

Criteria Indicators

Cognitive Student comprehends the read work of art; logically structures it with a cloud
of words; clearly retells the content based on keywords; identifies the main
components and semantic accents with a word cloud.

Analytical Student analyzes the work based on words read with the help of a cloud. Based
on keywords – characteristics of the literary hero builds his dialogue with the
character of the work of art, the writer. Determines the main idea of the work,
analyzes the artistic means.

Communicative Based on the associations of the work with the cloud of words, the student
formulates his own opinion about what is read, creates his own statements on
the content of what is read. Based on keywords one can predict what will be
discussed in the new text. Creates your own visual media products based on
the read text.

Reflexive Student understands the values reflected in the literature. Based on a cloud
of words, it creates a review of a read children’s book.

According to the defined criteria and their indicators we will define levels of results of reading
activity of younger schoolboys who worked at lessons of literary reading with clouds of words.

Cognitive criterion of reading results. The high level is determined by a balanced understanding
of the read work. The student, guided by a cloud of words, logically structures the content of
the work, clearly retells the content based on keywords. The student emphasizes the important
points of the work of art with a cloud of words. Sufficient level is characterized by understanding
of the read work, the ability to logically structure the work. Acceptable inaccuracies in the
translation of the content. Understanding of key words and events in the work. The average
level is determined by students who make significant mistakes in determining the structure of
the content of the work, the translation of the work. Keywords from the word cloud do not
help to identify important accents in the work. A low level indicates a lack of understanding of
what is being said in the work. The word cloud does not help the student to navigate in the key
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points of the read text.
Analytical criterion. The high level determines the ability of the junior student to analyze

the work, mainly to determine the theme and idea of the work of art, to characterize the main
characters, artistic means, emotions and feelings. The student easily creates word clouds based
on what he has read. Based on key words – characteristics the student without obstacles builds
a dialogue with the heroes of the work of art, the writer. Determines the main idea of the work,
analyzes the artistic means. It is easy to navigate in certain categories of analysis if it is possible
to use a word cloud. A sufficient level is characterized by the student’s ability to analyze a work
of art with minor errors and to form word clouds based on the analysis. Using the keywords of
a balanced list, characterizes and establishes a dialogue with literary heroes. Focuses on word
cloud hints. The average level is determined by gross errors in the analysis of the work of art
and features of its poetics (characters, events, theme, idea, etc.). It is difficult for a student to
use a cloud of words in analytical activities. A low level indicates the difficulty experienced
by the student in formulating opinions about what he has read. The student cannot match the
work to the visual content.

Communicative criterion. The high level is determined by the fact that the student carefully
and meaningfully formulates his own opinion about what is read, actively without hindrance
produces his own statements on the content of what is read. Based on keywords determines
the content of unknown text. Creates his own word clouds based on the read text to determine
the main idea of the work, to reproduce an important event or literary portraits, or landscapes,
etc. Sufficient level is characterized by the logic of formulating an opinion about what is read,
the ability to create their own statements with minor errors on the content of what is read.
One has little difficulty in identifying keywords to create a cloud of words by reading. The
average level is determined by the desire to express their own opinions about the read work, but
there are difficulties in formulation. The utterances do not fully understand the text read, the
keywords do not help to accurately reproduce the characteristics of the characters, the events of
the work of art. The low level indicates a lack of understanding of the literary text to formulate
a complete idea of what is read and create several key words to emphasize the main idea of the
work.

Reflexive criterion. A high level is determined by a deep perception and understanding of
the values reflected in the literature, the ability to defend them in discussion. Based on the
associations of the read with the word cloud, the student creates a review of the read children’s
book, determines its value for himself. A sufficient level is characterized by an understanding
of the values reflected in the work, the ability to create feedback on the read work or book with
minor flaws. The middle level is characterized by an understanding of the values of the work,
but the student has difficulty in compiling a response to what is read. A low level indicates a
partial understanding of the values reflected in the work.

Research of reading activity of junior schoolchildren with the use of word cloud were con-
ducted in the Kyiv gymnasium of oriental languages No. 1. Student of 3rd-4th grades of primary
school took part: experimental classes (EC) – 128 students; control classes (CC) – 129 students).
Comparison of the results of reading activities of EC and CC students are shown in table 2.

The study confirmed the effectiveness of the visualized content of the work in the form of a
weighted list of keywords (figure 3, 4).

Thus, in our opinion, the use of cloud services in reading lessons during the organization of
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Table 2
Criteria and indicators for checking the activation of reading activity by means of the cloud.

Cognitive Analytical Communicative Reflexive
EC

(128)
CC

(129)
EC

(128)
CC

(129)
EC

(128)
CC

(129)
EC

(128)
CC

(129)
18 10 18 9 19 10 19 10
73 60 71 58 74 60 73 62
32 52 34 55 32 55 32 50
5 7 5 7 3 4 4 7

Figure 3: The results of the study of the effectiveness of the use of the word cloud as a didactic tool in
reading lessons in primary school during the analysis of texts (1 – cognitive criterion and 2 – analytical
criterion).

reading activities has several advantages:

• formation of the ability to work with media products, development of communication
skills, creative approach;

• methodological advantages (expanding the possibilities of providing educational informa-
tion, creating heuristic conditions for organizing the study of a work of art);

• activation of creative thinking processes, promotion of its divergence, in particular origi-
nality, initiative, ingenuity of junior schoolchildren;

• development of creative activity of students, which is determined by the ability to generate
ideas, discover new ones;

• the opportunity to involve in the analysis of the work of art the maxi-mum number
of students, increase productivity and efficiency of reading activities of primary school
children;
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Figure 4: The results of the study of the effectiveness of the use of the word cloud as a didactic tool
in reading lessons in primary school during the analysis of texts (3 – communicative criterion and 4 –
reflexive criterion).

• development of cognitive interests, strengthening the motivation of reading, creating a
positive mood and a situation of success in the lesson of literary reading;

• ease of demonstration (on the website or in the blog, printed as didactic material, on
interactive whiteboards, etc.).

3. Conclusions and prospects for further research

The study tested the use of the electronic resource WordArt in primary school – a site for
creating a “word cloud” and proved its effectiveness in reflection, as well as creating an image
of the main idea of the lesson, general conversation, use as didactic material. A word cloud or
a visual reproduction of a list of words of a certain topic on one common image allows one
to create a situation of success in the lesson, to intensify the work of all participants in the
educational process, promotes better learning.

The authors investigated the use of the service in the lesson of literary reading during the
organization of reading activities in the following areas: in the “cloud of words” to encrypt the
topic of the lesson; using the cloud as visual material or as basic information to explain new
material; encrypt certain words from the text in the cloud, students’ task to guess the work;
create a cloud of words of positive and negative characters of the work; write a story on the
topic; create an “encrypted postcard” to the writer or hero of the work.

In the course of experimental work, the effectiveness of the use of this didactic tool in the
lessons of literary reading in primary school during the analysis of texts in order to identify the
most important associations of students was confirmed.
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The study proved the advantages of this service: one can add words to the cloud both manually
and using links; the ability to change the shape of the cloud and other parameters to one’s
liking; display selected words in a certain color; free download of ready-made “clouds” from the
resource. We consider the disadvantage of the difficulty in the use of primary school students
of foreign language services without special training.

The authors of the article see prospects for future research in the development of didactic
materials for literary reading for students at the New Ukrainian School [29] with the use of
the word cloud, finding opportunities for the use of cloud technologies in the language and
literature of primary education.
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