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Institutions of higher education are increasingly faced with the diversity of needs and
expectations of students, which calls into question traditional educational curricula. In this context,
there is a need to introduce new approaches that provide students with greater flexibility in learning
and the opportunity to independently shape their educational path. One of these approaches is an
individual educational trajectory, which allows students to actively participate in the formation of their
individual learning paths, increasing their motivation and interest in the learning process. The urgency
of introducing an individual educational trajectory in universities reflects the need to adapt the
educational system to modern realities and individual needs of students. It is also a response to the
challenge of ensuring flexibility, differentiation and personalization of training, which is becoming
increasingly important in light of the rapidly changing labor market and the requirements for the
competencies of future professionals. The article examines the possibility of introducing an individual
educational trajectory for students of higher education institutions through the implementation of the
“catalog of elective disciplines” module in the e-learning system, evaluation and planning of the
educational process, determination of success criteria and support of students in the process of
selection and advancement along an individual trajectory. The relevance of this issue is due to changes
in the modern educational environment, which requires a more flexible approach to learning to take
into account the individual needs and interests of students. An analysis of research related to the
implementation of an individual educational trajectory and the implementation of the catalog of
selective disciplines was carried out.

Keywords: student-centered learning, individual educational trajectory, elective subjects,
e-learning system, catalog of elective subjects

1. Introduction

Higher education is a key element of social progress and development, and also has a
significant impact on the formation of the country's intellectual, social and economic potential. In
recent decades, there have been a number of general trends affecting higher education, namely:
globalization, technological progress, societal change, and demographic transition. In particular, an
important aspect of the organization of the educational process is the importance of introducing
student-centered learning as the basis for effective learning and development of higher education
students.

Globalization has significantly changed the paradigm of higher education [1]. Students have
access to a huge amount of knowledge at any time and place, communication and cooperation with

@ @ @ @ Oksana Buinytska, Liliia Varchenko-Trotsenko, Valeriia Smirnova, Anastasiia Tiutiunnyk,
Bohdan Hrytseliak, Yevhen Matasar
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like-minded people acquires an intercultural character. This requires universities to ensure international
competitiveness and develop students' intercultural competence.

Technological progress, in particular digital technologies, is changing the format of learning
and access to knowledge. The digital transformation of education promotes the development of
educational platforms and online resources that provide students with access to a variety of educational
content, helps to adapt and personalize educational resources and access relevant information at any
time. Digital resources provide greater opportunities for interaction and collaboration between
participants in the educational process, regardless of location, feedback to provide personalized
support for further learning of students. Higher education institutions (HEIs) are increasingly using
digital educational environments, electronic libraries, video conferencing, virtual and remote
laboratories. artificial intelligence, virtual, augmented reality and other tools to improve the quality of
education.

Society also demands changes in higher education. The need for flexibility and quick response
to the needs of the labor market is growing. Universities should ensure the development of practical
skills, entrepreneurial thinking and interpersonal competencies so that graduates can successfully
integrate into modern society. Thus, digital transformation stimulates universities to introduce
individual educational trajectories.

2. Theoretical aspects of the introduction of an individual educational trajectory in
HEIs

Student-centered learning is considered one of the most important concepts in higher education
today. The concept of student-centered learning is one of the key paradigms defining the relationship
between a teacher and a student in the educational process. This concept is based on the principle of
the student's active participation in his own education and ensuring his personal development and
self-realization, the implementation of which contributes to building an individual educational
trajectory.

A student-centered approach to learning provides students with wider opportunities for
self-development and solving real problems, which provides them with preparation for professional
activity and self-realization in the future. The main advantage of the student-centered approach is to
increase students' motivation and interest in learning, which ensures deeper and more effective
learning of the educational material.

An important element of the student-centered approach is the free choice by the students of the
topics of individual educational tasks, master's projects and practice bases, and the formation of an
individual educational trajectory. The individual educational trajectory is one of the modern learning
technologies, which gives students the opportunity to determine their own path in learning and
development. This technology allows you to choose subjects, topics and learning methods that best
meet the needs and interests of students. This approach to learning can help them better understand the
material, increase their interest in learning, and help them develop skills that will be useful later in life
[2].

The issue of individual educational trajectory is of interest to many researchers. The theoretical
foundations, essence and features of the concept of individual educational trajectory were studied in
the works H. Shevchuk [3], T. Korostiianets [4], V. Fedorova [5], M. Shuliaka, V. Lytvyn [6],
I. Krasnoshchok [7].

Features of the use of information systems and digital learning platforms in the construction of
an individual educational trajectory of an education student are considered in the works of
O. Nalyvaiko, N. Nalyvaiko [8], O. Kobylska, L. Shevchuk, S. Yashanov [9].

In institutions of higher education, the implementation of an individual educational trajectory is
an important element of the formation of an innovative educational system that ensures the creation of
conditions for the individual development of each student. However, the use of this technology
requires a change in the traditional model of education and the introduction of new approaches to the
educational process.
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One of the features of the implementation of an individual educational trajectory is the need to
individualize the educational process. This means that the teacher should implement a personalized
approach to each student, taking into account his needs and interests. For this, it is necessary to create
a system of diagnosis and analysis of students’ needs, which will allow them to determine individual
development plans for each student.

Another feature of the implementation of an individual educational trajectory is the need to
create an appropriate infrastructure to ensure this process. Such infrastructure may include: appropriate
software for planning the learning trajectory, a system for monitoring student progress, and a feedback
system between students and teachers.

It is worth noting that the use of an individual educational trajectory can help improve the
quality of education and make it more effective. In particular, students can choose disciplines that
interest them and independently shape their educational environment, which will contribute to
increasing their motivation for learning and development.

Ways of implementing an individual educational trajectory are shown in the diagram (Fig. 1).

)

It is formed taking into account

4 {4 1y 1y & &
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Figure 1. Individual educational trajectory

The introduction of elective disciplines is one of the components of the formation of an
individual educational trajectory. This initiative allows students to choose disciplines that they find
most interesting or useful for their professional and personal development. Elective disciplines provide
students with the opportunity to deepen professional competences, expand their horizons, acquire new
knowledge and skills, and also make their educational experience more diverse and useful. This allows
students to be more motivated to study and enjoy the process of acquiring knowledge and skills. This
approach allows universities to be more flexible and adaptable to changes in society and the labor
market. Elective disciplines can be focused on personal development, new technologies, scientific
discoveries or on the changing needs of the labor market. In general, the introduction of elective
disciplines is an important and relevant element of modern university education, therefore the goal of
the study is the introduction of an individual educational trajectory in HEIs by implementing a catalog
of elective disciplines.

Elective disciplines originate from the concept of person-centered teaching, which was
systematized by the American psychologist Carl Rogers in the middle of the 20th century. It is based
on the principle that a pupil or student takes an active part in shaping their educational trajectory,

9



ISSN 1998-6939. Information Technologies in Education. 2024. Ne 1 (55)

choosing what to learn, how to learn and how to evaluate their own knowledge. The teacher performs
the functions of a facilitator while moving along this trajectory. This movement is accompanied by
constant introspection and close communication between the teacher and the student [10].

In higher education, this concept in practice is closely related to the ideals of liberal education,
which is designed to provide broad education, erudition and the ability to learn. In particular, in
European universities, student-oriented learning is quite widespread, it was reflected in the Leuven
Communique [11] and is the basis of the Bologna process. In turn, elective disciplines as one of its
elements have become an integral part of university programs in developed countries. The introduction
of elective disciplines allows students to supplement their main specialty with an additional specialty
or take separate courses for a broad erudition. The possibility of choosing disciplines from different
faculties and departments is an effective tool for interdisciplinarity or even interculturality.

In Ukraine, the right of students to choose educational disciplines is approved at the legislative
level, so according to the Law of Ukraine “On Education”, students have the right to form an
individual educational trajectory, which is realized, in particular, through a free choice of types, forms
and pace of obtaining education, educational institutions and proposed them of educational programs,
educational disciplines and their level of complexity, methods and means of education. An individual
educational trajectory is a personal way of realizing the personal potential of the student of education,
which is formed taking into account his abilities, interests, needs, motivation, opportunities and
experience, based on the student's choice of types, forms and pace of education, subjects of educational
activity and those proposed by them educational programs, educational disciplines and their level of
complexity, methods and teaching aids. An individual educational trajectory in an educational
institution can be implemented through an individual educational plan, which determines the sequence,
form and pace of assimilation by the student of educational components of the educational program
with the aim of realizing his individual educational trajectory and is developed by the educational
institution in cooperation with the student in the presence of the necessary resources [12].

Also, the Law of Ukraine "On Higher Education" states that students have the right to choose
academic disciplines within the limits provided by the relevant educational program and curriculum, in
the amount of at least 25 percent of the total number of ECTS credits provided for a given level of
higher education [13]. Therefore, universities face the task of creating an innovative educational
system that ensures the individual development of each student. An important aspect of the successful
implementation of technology is the formation of a regulatory framework, the creation of an
appropriate infrastructure, the adaptation of educational and professional programs for the
implementation of students’ choices.

At the same time, the quality of the educational programs for which higher education
candidates are trained is ensured by the accreditation procedure carried out by the National Agency for
Quality Assurance of Higher Education. A mandatory condition for accreditation is the compliance of
the educational program with the criteria in accordance with the “Regulations on the Accreditation of
Educational Programs for the Training of Higher Education Candidates”, according to which the
structure of the educational program should provide for the formation of an individual educational
trajectory, in particular through the individual choice of higher education candidates by disciplines to
the extent provided by law [14].

The formation of an individual educational trajectory at Grinchenko University is ensured by
the Regulation on the organization of the educational process, the Regulation on the procedure and
conditions for the selection of educational disciplines, the Regulation on the procedure for realizing the
right to academic mobility of participants in the educational process. According to these documents,
students have the right to: choose academic disciplines in the amount of at least 25% of the total
number of ECTS credits provided for in the educational program; study according to an individual
schedule; academic mobility, including international mobility; the possibility of crediting credits
received in non-formal education; the opportunity to offer bases for practice, as well as own topics of
individual tasks, master's theses.

The formation of an individual educational trajectory is implemented in the higher education
institutions of Ukraine in various ways. The analysis of the websites of higher education institutions of
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Ukraine proved that the procedure for choosing academic disciplines is implemented either through
specialized information systems, or by filling out online forms, or submitting an application in paper
form. A selection of available tools for forming an educational trajectory in higher education
institutions of Ukraine is presented in Table 1.

Table 1
The procedure for choosing academic disciplines in HEIs of Ukraine

HEI Link Awvailability of an Additional Information
automated selection
system
National Technical  https://kpi.ua/ The choice of Annotations of elective
University of Ukraine disciplines is carried disciplines in the form of
“Igor Sikorsky Kyiv out through the PDF files are posted on
Polytechnic Institute” Electronic Campus the websites of structural
system. divisions of higher
education institutions.
Taras Shevchenko https://knu.ua/ The selection is made ~ Work programs of elective

National University of
Kyiv

Sumy State University https://sumdu.edu.ua/

National University of https:/nubip.edu.ua/
Life and
Environmental
Sciences of Ukraine

National Aviation
University

https://nau.edu.ua/

Poltava State Agrarian https://www.pdau.edu.ua/
University

through the student's
personal office in the
university's information
system.

The selection is made
through the student's
personal office in the
university's information
system.

The choice is made by
filling out a
questionnaire in a paper
version in the
classroom at a meeting
with the guarantor of
the educational
curriculum and the
teachers who read the
elective disciplines.

The choice of
disciplines is carried
out through the system
of forming an
individual educational
trajectory.

The choice is made
through the student's
personal account.

disciplines are posted on
the websites of the
structural units of HEI.

The description and
annotations of elective
disciplines are placed in a
single information system.

Annotations of elective
disciplines in the form of
Word files are posted on

the website of the HEI and
on the Educational and
informational portal of the
National University of
Life and Environmental
Sciences of Ukraine.

Annotations of elective
disciplines in the form of
PDF files are posted on
the website of the HEL

Annotations of elective
disciplines in HTML and
PDF format are available
on the official website of

the HEI
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Dnipropetrovsk State  https://dduvs.in.ua/ The choice of academic Abstracts of elective
University of Internal disciplines is carried disciplines in PDF and
Affairs out by filling out PPTX format are available
Google Forms. on the official website of
the HEL
Mukachevo State https://msu.edu.ua/ The choice of Abstracts of elective
University educational disciplines  disciplines in PDF format
is carried out by filling are available on the
out Microsoft Forms. official website of the
HEL
National University  https://nupp.edu.ua/ The  choice of The description and work
«Yuri Kondratyuk academic disciplines is programs of elective
Poltava Polytechnic» carried out in the  disciplines are posted on
student's personal  the official website of the
electronic account. HEI
King Danylo https://ukd.edu.ua/ The choice of academic ~ Annotations of elective
University disciplines is carried disciplines in the form of
out by filling out Google documents are
Google Forms. posted on the website of
the HEI.

Based on the results of the analysis, we see that the most convenient and effective way to
exercise the right to choose educational disciplines for students and the administration of higher
education institutions is the use of specialized information systems. At Grinchenko University, this is a
specialized electronic module in the E-learning system, to which the student has access in a personal
office.

In accordance with the Regulations on the Organization of the Educational Process of the Borys
Grinchenko Kyiv University, based on the educational program for each specialty, the university
develops a curriculum, which defines the list and volume of educational disciplines in ECTS credits,
the sequence of studying the disciplines, the forms of conducting educational classes and their scope,
schedule educational process, forms of current and final control. The list of disciplines of the
curriculum of the educational program consists of two parts - mandatory and elective. The elective part
of the curriculum is at least 25 percent of the total number of ECTS credits provided for a certain level
of higher education. The student of higher education forms the specified part of the curriculum
independently from the list of disciplines, additional specializations, etc [15].

3. Implementation of choice by students in the E-learning system of Grinchenko
University

At Borys Grinchenko Kyiv University, considerable attention is paid to the implementation of
electronic learning, which is based on the use of electronic content, including electronic training
courses and electronic communication technologies, and the cooperation of all participants in the
educational process based on the created electronic information and educational environment of the
University [16]. In the e-learning system, digital educational programs are organized in the form of
metacourses. Metacourses “Educational-professional/Educational-scientific programs (EPP/ESP)” in
the e-learning system are created for each new edition of the EPP/ESP and form of study, contain
e-courses for all disciplines of the corresponding EPP [17]. The "General" section contains general
information about the EPP/ESP, which includes the purpose, object of study, program goals. Current
approvals of the EPP/ESP and the curriculum are also downloaded in the form of .PDF files. Each
EPP/ESP metacourse must contain such mandatory blocks as:
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course description (link to the relevant EPP/ESP indicating the year and form of study, if
the EPP is for full-time and part-time forms);

questionnaires and testing;

statistics;

execution progress.

Electronic training courses are added to the metacourse only according to EPP/ESP in the
semester(s) specified in the curriculum. A block of subjects from the catalog of elective disciplines is
added at the end of the section of each semester. The journal of grades in the EPP/ESP metacourse is
formed every semester. Summary of semester categories - average score for the semester (Fig. 2).

073.00.04 Management of e-learning in the intercultural space
(2020) ...

fil

w

General Semester 2

Semester 3

Semester 1 @ Project management

, Management theory and technology (credit)

, HR management and management psychology (examination)

Selective part

Design thinking

Administration of e-learning management systems

Figure 2. View of the educational program in the E-learning system

In order for students to make choices in the electronic learning system of Grinchenko
University, a module of the electronic catalog of elective disciplines has been developed, with the help
of which the student has the opportunity to choose disciplines according to the number of credits of the
educational program.

The process of choosing disciplines is standardized:

Approval of the list of elective disciplines in the structural division;

Entry of disciplines into the catalog by teachers;

Discipline check;

Acquaintance with descriptions of disciplines by students;

Making choices by students in the system;

Checking and adjusting the choices made by students (required number of credits,

fullness of groups, etc.);

Final choice of disciplines by students and its fixation in the system;
Coordination of the schedule;
Enrollment of students in relevant e-courses.

To ensure the high quality of the educational process, Scientific methodical center of
standardization and quality of education (SMC SQE) employees check the disciplines for selection,
analysis and correction of the choices made by students.

The catalog of elective disciplines is a collection of information about the courses that students
can choose during their studies. The catalog provides students with the opportunity to choose from a
list of courses that are mandatory for their educational program and can be useful for their academic
development and professional career. The catalog of elective disciplines helps students plan their
individual educational trajectory, allows them to flexibly choose disciplines according to their
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interests, needs and career goals. It contributes to a wider and more diverse acquisition of knowledge
and skills that may be useful in the future. In addition, the catalog of elective disciplines reflects
current trends in the field of education and development, and helps the university maintain a modern
and competitive educational space.

The module of the electronic catalog of elective disciplines consists of the following
components:

° Directories (educational and qualification levels, fields of knowledge, specialties,
educational programs, specializations);

° The component of the distribution of students by educational-professional
(educational-scientific) programs (EPP/ESP), specializations;

o Catalog of elective disciplines.

The procedure for organizing students' choice of disciplines from the catalog is shown in the
diagram (Fig. 3)

i Catalo
Directory g Student
TN N\ N AN /
y N N /) ‘ Teacher ‘ ‘ SMC SQE |\ Ve R
) } v\ N N \ / / \
Specialties | v\ ; - ~. ~ o\ / S/ N\
o N/ ) " . ./ )
““““ O\ s NV T/ / VLV \
N\ T [ Educational | | || [ / . f Verification AN [ b |
) \ ARIEE Entering | d ' \ Ch \
B - “\‘ programs / /‘ ;' ‘ ‘ \ discipline \ cnnﬁe;'jrlnati(m / /fl “.‘ “3 \ Olce
\ 2 N R [ /
| Specializations } N \ \ \/\ . e / \
‘\ ----- T l‘-\ ™~ . - ~
\V/ N (/’ \

Figure 3. The procedure for organizing students' choice of disciplines from the catalog

The directories include all educational and qualification levels, fields of knowledge, specialties,
educational programs, specializations for which higher education students are trained at the university,
with an indication of the description, total number and distribution of credits by semesters, etc.
(Fig. 4-7).

B Educational qualification leve
B Fields of knowledge

BEH specializations

BEH Fducational programs

Figure 4. All directories in the catalog of elective disciplines
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+ Add
Code Specialties Short name Degree Department Subject Area Credits Actions
012 TO (B} Bachelor Faculty of Education/Pedagogy 60
Pedagogical
Education
073 Management (M) Master's degree Faculty of Management and 30
Economics and administration ve
Management
013 Primary education  PO(B) Bachelor Faculty of Education/Pedagogy 60 # Ed
Pedagogical X Remove
Education
017 culture Physical education Bachelor Faculty of Health, Education/Pedagogy 60 # Ed
(B} Physical Education ¥ Remove
and 5ports
: : n : . n”
Figure 5. The directory "Specialties
4+ Add
Name Short name Specialty Credits  Actions
122.00.01 Informatics Inf 122 Computer Science (Bachelor) &0 # Edit X Remove
012.00.01 Preschool education (master's degree) TO {m) 012 Preschool Education {Master's) 23 # Edit ¥ Remave
073.00.04 Management of e-learning in the intercultural space UENMP(m) 073 Management (Master's) 30 # Edit X Remave

{master's degree)
061.00.01 Journalism JUR 061 Journalism (Bachelor) &80 # Edit X Remaove

Figure 6. The directory "Educational programs"

4+ Add

Name Short name Educational program \ Specialty Credits  actions

Selective block 1 VB1DO 23 # Edit X Remove

Selective block 1 VB1DOZ T-time) 4 15 # Edit X Remove

Elective block 2 "Selection from the course catalog’ VBZVKDO B # Edit X Remove
N (Master's degree)

Elective block 2 "Selection from the course catalog’ VBZVKDOZ ol education (Maste part-time} \ 20 # Edit X Remove

ucation (Master's degi

Figure 7. The directory "Specializations"

Access to the resources of the electronic catalog of elective disciplines is personalized with
extensive access rights:

° The administrator has extended access to the settings of the entire module (filling in
directories, assigning educational programs and specializations to students, editing the catalog,
etc.);

° SMC SQE employees check and correct the list of disciplines entered by teachers in the

catalog, analyze the results of students' choice of academic disciplines, form groups and

streams of students to study the chosen disciplines;

° The teacher has access to the creation and review of disciplines entered into the catalog;

° The student can choose disciplines that are intended for the EPP/ESP and the

specialization he is studying.

When adding a discipline to the catalog, the teacher fills in the basic information about the
discipline (Fig. 8):

) The name of the discipline
° Names of authors, teachers
° Department, chair
° Educational level
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Educational program, specialization

A brief description of the content (abstract, purpose, tasks, additional materials)
Control form (credit, exam)

The total number and distribution of credits and hours by semester

Minimum and maximum number of students in the group

il
¥
&l
m
®

Figure 8. The page for adding a discipline to the catalog

After the teacher enters the discipline into the catalog, the employees of the SMC SQE check
the correctness of the filled-in data - belonging to the EPP/ESP, the total number and distribution of
credits, hours by semesters, etc. After a successful check, the discipline is confirmed in the system for
further selection by students. (Fig. 9).

Catalogue Addcourse Mycourses AhUnverified courses(266) Students Groups Selected disciplines
Academic
Name Unit Appointment The authors Teachers year
Faculty of Law and International Relations Master's degree : Regional studies i
Department of International Relations master's degree] L iC
= v
xRz
Fine a Faculty of Fine Arts and Design Master's degree - Fine A3 (mesters 0232024 i
At Department of Fine Arts degree T
v
X Reje
oblems of information secu e modern wo Faculty of Law and Interational Relations Master's degree - Fublic 20232022
At Departmen: of Internationsl Relations communications (master's degn T
v
xR
Circular &co Faculty of Economics and Man: Loiko Valeriia Viktorivaa  Loiko Valeriia Viktorivna  2023-20 s i
= Department of Internations T
Vo
X Reje
orr ternational Relations 2023-2024 i Mo
At stiona Relstions T
vo
X Reje
tart Upentrepreneurship ~ Facultyof Economics and Management, ~ Mastersdegree (General) : Higher ~ Ushenko Natalia Valentynivna  Ushenko Natalia Valentynivna  2023-2024 i
A

Figure 9. Verification and approval tools by SMC SQE of elective disciplines

After confirmation, the discipline becomes available for viewing in the catalog and for
selection by students. The choice of subjects from the selective part of the EPP/ESP by students
includes the following possibilities:
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1. Selection from the catalog of courses

2. Selection of the thematic block

The choice of the thematic block by the students creates conditions for deepening and
expanding professional competences, taking into account the current state of development of society
and the needs of the labor market. The selection of disciplines from the course catalog allows students
to acquire additional general and general professional competencies within related specialties/fields
and expand/deepen general competencies.

Each student has access only to the disciplines of the catalog of elective disciplines in
accordance with the EPP/ESP and the specialization he is studying (Fig. 10).

Catalogue BB Cnoice of disciplines, 2nd semester

Remaining credins in the 2nd semester: 20
Discipiine Subsection Teachers Distribution of credits

Faculty of Information Technologies and Mathematics
D er Sciences

Department of Comput

Faculty of Pedagogical Education
D nal Studies

Figure 10. Students' choice of disciplines in the catalog

When choosing from the catalog, the student can familiarize himself with the purpose of the
discipline, its annotation, program learning outcomes, the period of study of the discipline, distribution
of credits by semesters, etc. After making a decision, the applicant puts the "Choose a discipline" mark
in his personal electronic account, which is considered the fact of submitting an application to study
selective disciplines from the catalog.

After the students have completed the procedure for choosing academic disciplines, SMC SQE
employees analyze the results (Fig. 11-12) and form groups and streams of students to study
disciplines (Fig. 13).

Figure 11. Review of the chosen disciplines by students
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Filters
Full Name ‘
Group ‘
# Group code Number of students Educational program Specialization® Added
1 10 017.00.01 Physical education - 2023.04.24 i Selectad disciplines
2 1 035.07.01 Ukrainian language and literature - 2023.04.24 is
3 12 013.00.01 Primary education - 20230423 is
4 3 123.00.01 Computer engineering - 2023.04.21
5 8 016.00.01 Speech therapy - 2023.04.21
Figure 12. Review of the chosen disciplines by groups
Filters
Academic year ‘ 2023 - 2024
1E
# Degree Course 1 2 3 4 5 6 7 8 9 10 1" 12
1 Bachelor English for business communication 0 0 0 0 (i} 0 20 (i} 0 i 0 0
2 Bachelor Ens 12
3 Bachelor Education of leadership qualities (OPP-2020) 0 0 0 0 (i} 0 (i 76 0 i 0 0
4 Bachelor Education of leadership qualities (OPP-2022) 0 o 0 0 0 33
5 Bachelor o 0 aQ 0 0 a 27 0 ] o 0

Figure 13. Review of the chosen disciplines by students by educational level

After the procedure of verification and confirmation of the student's choice of disciplines by
SMC SQE staff, a form with the distribution of the chosen disciplines is automatically generated for
each student, which the student familiarizes himself with and confirms the choice with a personal
signature (Fig 14).
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Application
to study disciplines of free choice in 2023-2025

Department: Faculty of Information Technologies |1 &m wamsd that the smdy of the chosen disripline
and Manasement iz pozzible only if 2 grovp iz Domed

Educational program: 123.00.01 Computer

Group: KIB-1-22-4.0d Date
Student Name: Sklvarsloyi Artem Kostiantynovych |Student's signature
Distribution of credits by
Discipline Mcourse | Mcourse | IV course
3 4 3 6 7 B
Distritastion of credits acconding to the corricelem 5 10 10 10 15 10

Java programming language 3 0 0 0 0 0
Operating Systems 0 3 0 0 0 0
Computer simulation 0 3 0 0 0 0
Fundamentals of cryptography 0 0 3 0 0 0
Fundamentals of security of telecommumnication
technologies 0 0 3 0 ] 0
Engineering infrastructure of the data center 0 0 0 3 ] 0
System software 0 0 0 3 0 0
Software guality and testing 0 0 0 0 3 0
Cloud technologies 0 0 0 0 3 0
Technical operation of telecommunication systems
and networks 0 0 0 0 3 0
Baszics of reverse engineering 0 0 0 0 0 3
Protection of confidential data ] 0 0 ] 1] 3

Selection results 5 10 10 10 15 10

Nots: Clasze 2.4.6 Provision "If 2 student do2z not exerrize his right to chooss (academic discipline, spacializad blodk)
within the sztablished termsz without valid reszons, then the comesponding positions of hiz INDS are dstermined on the
propossl of the sredustion depertment, taking into account the chodcs of other students studving under thizs educationsl
program and iz approved by the order of the head of the stroctursl division (institete, Soulty)”

Figure 14. Application to study disciplines of free choice

Based on the result of the selection, an individual study plan of the student is formed, which
specifies the mandatory study subjects, optional study subjects, and study subjects that the student
studies additionally. The student's individual study plan is the main working document of the student,
which contains information about the student, the list of academic disciplines provided for in the
training program, the amount of the student's academic load from classroom and independent work, the
student's learning results during the final control of knowledge and during attestation [15].

Selected disciplines are available to the student for viewing in the catalog of elective disciplines
(Fig. 15) and in his personal office (Fig. 16).

Name Semester Date

Selective block "ICT in education 2 0942772022

Figure 15. Disciplines chosen by students in the catalog
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B Schedule

B Student office

B8 Communication

& Search for scientific publications

vapers for plagiarism

vaire and testing

—

Figure 16. Student's personal office

B Catalog of optional disciplines

The student's personal office contains all the necessary resources for the effective organization
of the educational process: a list of disciplines of the mandatory and selective components of the
educational program, as well as an additional block with useful digital tools that shape his individual
educational trajectory. Next to the corresponding name of the discipline, if the parameters for tracking
the execution of activities are indicated in the electronic course, information with the percentage of
passing the electronic course is displayed to the student. To adjust the display of courses according to
their own needs in their personal account, students can use a set of filters (1) (All (except removed
from view), In progress, Future, Past, Starred, Removed from view), sorting (2) courses by name or
last login, change the display (3) of the list of courses with cards, a list, an extended list.

The catalog of elective subjects at the Borys Grinchenko Kyiv University was implemented in
two stages. At the first stage, all the necessary modules for its operation were created and launched for
the selection of disciplines, after which a survey was conducted among students and employees of
Grinchenko University regarding the usability of the catalog and their possible needs. At the second
stage, the catalog of selective disciplines was refined in accordance with the revealed wishes of the
survey participants:

1. Blocking of the choice of disciplines for each of the educational and qualification levels of
students was introduced, which ensures the choice of disciplines in different periods of the
academic year and makes it impossible for applicants to make any changes outside of the
period of their selection.

2. A function has been implemented, with the help of which when making a choice, credits are
“closed” by semester, that is, until 1 semester is filled, the choice of applicants will be
blocked, without transition to the next semester, which makes it impossible to sort through
credits in each semester.

3. For the convenience of processing data on the selection of students added selection report
generation by SMC SQE staff.

4. For checking by employees of Scientific methodical center of standardization and quality of
education added display of all students in the group who have to make a choice.

The main goal of the center's activity is to promote the organization of the educational process
and its scientific and methodological support at the faculties, colleges of the University, in accordance
with the requirements of the law, the functioning of the system of internal quality assurance of higher
education, the introduction of modern methods and technologies into the educational process.

Elective educational disciplines are chosen by the student from the catalog, taking into account
their own needs and interests in future professional activity and ensure the fulfillment of the
requirements of the variable part of the educational program [15]. The catalog of elective disciplines
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helps students plan their educational path, allowing them to flexibly choose disciplines according to
their interests, needs and career goals.

The results of the survey conducted among students regarding the effectiveness of using the
catalog of elective disciplines in the Grinchenko University E-learning system confirmed the
importance of the implemented electronic catalog of elective disciplines, in general, 89% of
respondents noted that it is convenient to make a choice using the catalog of elective disciplines,
because everything is in one place in the student's personal office in the E-learning system (Fig. 17).

Assess whether it 15 personally convenient for you that the
catalog of elective disciplines is in the E-learning system

2%

u It 1s very convenient that everything

8% 1s in one place

u In general, it is convenient to make
achoice

It doesn't matter to me

m It 15 dafficult to answer

Figure 17. The results of a student survey on the convenience of the catalog of optional disciplines

Also, the students highly appreciated the clarity of the instructions for making a choice by
means of the catalog of elective disciplines and the sufficiency of support from the university
administration, 63% of respondents rated 4-5 (Fig. 18).

Rate on a scale from 1 to 5 the clarity of the instructions for
making choices using the catalog of elective disciplines and the
adequacy of support from the University administration

25%
20%
15%
10%
5% 1% .
0%
2 3 4 5

1

Figure 18. The results of a student survey on the comprehensibility
of the instructions for making a choice

As a result of the survey, the students confirmed the importance of the selective component of
the educational program for the formation of a personal educational trajectory, in particular, it was
noted that elective disciplines provide an opportunity to deepen professional competences (68%),
make your educational experience more diverse and interesting (58%), allow you to expand your
horizons (55%) and gain new knowledge (68%) (Fig. 19).

21



ISSN 1998-6939. Information Technologies in Education. 2024. Ne 1 (55)

Indicate how important it 1s for vou to have a choice of disciplines in the
educational program

mFirst (bachelor's)  m Second (master’s) In general

An opportunity to deepen professional

compeiences 100%

Expand horizons

Get new knowledge and skills

Make own learning experience more
diverse and interesting

It is difficult to answer

0% 20% 40% 60% 30% 100%

Figure 19. The results of a student survey on the importance
of having a choice of disciplines in the educational program

61% of respondents when making a choice from the catalog preferred disciplines for deepening
professional competences, 42% blocks of disciplines for personal development, and 42% chose the
disciplines that most interested them (Fig. 20).

Indicate which blocks of disciplines you chose in the selective component
of the educational program

59%
Blocks of disciplines for despening

professional competences 80%

61%
e e 42%
Blocks of disciplines for personal _ 10%
development 2%
41%

Disciplinestat mosneresed | 0
| 42%

0% 20 4% 60% B0% 100%

mFirst (bachelor's) mSecond (master's) ©OIn general

Figure 20. The results of the student survey regarding the priority blocks
of disciplines in the selective component of the educational program

The use of the catalog of elective disciplines contributes to a wider and more diverse
acquisition of knowledge and skills that may be necessary in the digital world. In addition, the
organized catalog of elective disciplines makes it possible to monitor trends in the field of training and
development of students, helping the university to maintain a modern and competitive educational
space.

4. Conclusions

The introduction of elective disciplines allows students to participate more actively in the
learning process, choose topics that interest them, and develop the ability to work independently and
solve problems. This contributes to the formation of skills and abilities that are important in today's
world.

Forming an individual educational trajectory, students choose those disciplines in which they
are most interested, motivated to make efforts to learn the material. At the same time, teachers get the
opportunity to work with more motivated students, which increases the quality of the discipline and the
educational process in general.
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Creating an atmosphere of healthy competition, motivating teachers to improve the programs of
academic disciplines, updating the content to modern needs of the labor market to attract more
students.

Prospects for further research include monitoring the ease of use of the catalog of elective
disciplines by participants in the educational process, the introduction of artificial intelligence to build
a personal individual educational trajectory of students, and further improvement of the system, which
will include: assessing student satisfaction, identifying shortcomings and improving the interface of
the catalog of elective disciplines, improving functionality.

In general, monitoring the ease of use of the catalog of elective disciplines and further
improvement of the system are important steps to ensure user satisfaction and improve the quality of
the educational process, which will contribute to the personal development of a modern student.
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PEAJIIBAIISI IHIUBIIYAJIBHOI OCBITHBOI TPAEKTOPII Y 3AKJIAII BUILIIOI
OCBITHU HUUISIXOM YITPOBAIZKEHHS KATAJIOT'Y BUBIPKOBUX JUCIHUIIJITH

3akaay BUIOT OCBITH BCE YACTIIIE CTHKAIOTHCS 3 PO3MAITTAM MOTPEO 1 OUIKYBaHb CTYACHTIB,
IO CTAaBHTH ITiJl CyMHIB TPaAMIiHHI HaBYAJIbHI IPOTpaMu. Y bOMY KOHTEKCTI BUHHKAE HEOOX1THICThH
3aMpoOBa/UKCHHS HOBHMX MIAXOMIB, SKI HATAIOTh CTYACHTaM OUIbINY THYYKICTh y HaBYaHHI Ta
MOYJIMBICTh CAMOCTIHHO (hopMyBaTH CBiil OCBITHIN mUIsiX. OMHUM 13 TaKUX MIAXOMIB € IHIUBIyaTbHA
OCBITHSl TPAEKTOpis, sIKa JIO3BOJIAE€ CTy[AeHTaM OpaTu aKTUBHY y4yacTh y (OpMyBaHHI BIACHHX
1H/IMBIyaJ JbHUX OCBITHIX TPA€EKTOPIH, MiBUIIYIOUM IX MOTHBAIIIO Ta IHTEPEC JO MPOIECY HABYAHHSI.
AKTyaJbHICTb 3alPOBA/KEHHS 1HIWBITyaabHOI OCBITHROT TpaekTopii y 3BO BimoOpaxae HEOOXiTHICTh
ajanTamii OCBITHBOI CHCTEMHM JI0 CyYacHHX peajiii Ta iHIMBiAyanbHUX MOTped cryneHTiB. Lle Takox
BIJINOBI/Ib HA BUKJIMK 3a0€3MEeUEHHS THYYKOCTI, JUdepeHItiamii Ta mepcoHaizarii HaB4aHHs, 10 CTae
BCE OUTBII BaYJIMBUM Yy CBITJII IIBUAKO3MIHHOTO PUHKY TIpalli Ta BUMOT 10 KOMIIETEHIIH MaiOyTHIX
(daxiBmiB. Y cTarTi JOOCHIDKEHO MOMUIMBICTH pealizallii 1HIUBIIyaldbHOI OCBITHBOI TpaeKTOPil
CTY[ICHTIB 3aKJIa/IiB BUIIIOT OCBITH IUISIXOM YIPOBAKCHHS B CHCTEMY €JIEKTPOHHOTO HaBYAHHS MOJTYJIS
«KaTajor NUCUUIUTIH 32 BUOOPOM», OIIHIOBAHHS Ta IUIAHYBAaHHS OCBITHHOTO MPOIECY, BU3HAYCHHS
KPUTEPIiB YCHIIIHOCTI Ta MIATPUMKH CTYACHTIB y Mpoleci BUOOPY Ta NMPOCYBaHHS 1HIWBITYyaJIbHOIO
TPAEKTOPi€l0. AKTyallbHICTh I[bOTO THUTaHHS 3YMOBJIIEHA 3MIHAMH B CyYaCHOMY OCBITHBOMY
CepeloBuIli, 10 MOoTpedye OUTBII THYYKOrO MiAXOMy 10 HABUAHHS 3 ypaxyBaHHSIM iHAWBITyaTbHUX
norped Ta iHTepeciB yuHiB. [IpoBeaeHO aHami3 MOCTIIKEHb IMOMO peai3allii 1HIUBIIyanbHOI
OCBITHBOT TPAEKTOPIi Ta BIPOBAIKEHHS KaTaJIOTy BUOIPKOBHUX JUCIHUILIIH.

KirouoBi ciioBa: CTyIeHTOIICHTpOBaHE HaBYaHHS, I1HAUBIAyajdbHa OCBITHS TpPA€EKTOPIs,
JMCLUIUTIHY 32 BUOOPOM, CHCTEMA €JIEKTPOHHOTO HABYaHHS, KaTajJor JUCIHUILTIH 32 BUOOPOM
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The article is devoted to the use of Kahoot! as a game-based learning platform at a higher
education institution. This paper has analyzed the influence of Kahoot! on learning outcomes of future
maritime professionals. The process of the “Feedback” tool use in the educational process at a higher
maritime education institution is described.

The article reviews the scientific literature on gamification in learning, e.g., the study of other
researchers and their approaches to using the tools such as Kahoot!. The paper emphasizes the fact of
limited opportunities for the Kahoot! free use despite the company s commercial interests.

The paper describes the usage of Kahoot! as an interactive tool in both synchronous and
asynchronous modes. The synchronous mode enables teachers to conduct quizzes in real time, and
students to take part in them using their devices, which promotes active participation and healthy
competition. In asynchronous mode, teachers can assign independent study tasks to students, who can
perform them with Kahoot! at their own convenience, allowing for flexibility in learning.

The study presents the results of an experiment conducted at Kherson State Maritime Academy,
where Kahoot! has been used in teaching Maritime English and humanities. The data analysis has
identified positive changes in the level of students' professional competence, which confirms the
improvement of the learning material understanding.

The research analyzed the role of Kahoot! in the organization of feedback between teacher and
students during classes. Its specifics and features are determined precisely as a pedagogical toolkit for
quickly conducting a section of students’ acquired knowledge during any form of education and
various forms of educational classes. In general, the research and implementation of novel approaches
in gamification and game-based learning give access to creating an effective learning environment.

Further research prospects include the study of the use of other gamification tools and
game-based learning at maritime higher education institutions (e.g., Mentimeter, Miro).

Keywords: Kahoot!, gamification, e-learning, LMS MOODLE

Introduction. The modern educational process increasingly uses elements of e-learning. This
became especially relevant during the years of the spread of the COVID-19 pandemic throughout the
world. For Ukraine today the use of e-learning has gained considerable relevance for almost a year
now. The system of higher education must work for the future. In addition, the ease of use of this type
of training is relevant for the educational space around the world.

At the same time, we should also note that the use of various tools in the educational process
creates non-standard conditions for learning. The student immediately masters several competencies
and becomes more “open” to using various means to obtain new knowledge, skills and abilities. It is
the use of Kahoot! as a “Feedback” tool in the educational process of a higher maritime education
institution, creates all the opportunities for the implementation of the above-mentioned aspects of the
educational process as a whole [1]. At the same time, Kahoot! is so versatile in application and use that
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it is suitable for all disciplines and forms of learning. Despite the fact that Kahoot! is a commercial
tool there is still limited number of functions everyone can use for free [2].

A modern student is a student who is prone to the so-called clip-on thinking, he is characterized
by the constant use of various gadgets in various contexts of his own activity, so the BYOD (bring
your own device) approach is relevant in the educational process today, i.e. smartphones become a
tool, and not a distracting gadget for work.

The research questions of the paper are following: investigating the effectiveness of Kahoot! as
a gamification tool in maritime higher education; assessing the impact of using Kahoot! on student
engagement and motivation in maritime-related courses.

Scientific literature review. Many researchers investigated gamification of learning among
whom are the following: M. Sailer, L. Homner [1], A.N. Saleem, N.M. Noori, F. Ozdamli [2], L. Aloia,
A. A. Vaporciyan [3], Q. Zhang, Z. Yu [4], M. C. Prieto, L. O. Palma, P. J. Blazquez Tobias, F.J.Molina
Ledn [5] and others. M. Sailer and L. Homner proved in their experiment gamification might in fact be
effective when it comes to learning [1]. A.N. Saleem, N.M. Noori and F. Ozdamli showed that the
most common gamification elements used in e-learning and have a powerful effect on the students are
points, leaderboards, badges, and levels [2]. L. Aloia and A. A. Vaporciyan listed e-learning trends and
applied them into medical education [3]. Q. Zhang and Z. Yu analyzed Kahoot! as a game-based
student response system [4]. M. C. Prieto, L. O. Palma, P. J. Blazquez Tobias and F. J. Molina
presented positive results of a study based on of the application Kahoot! with students of secondary
education, in the subjects of mathematics and biology [5]. However, the use of Kahoot! at maritime
education and training hasn’t been fully investigated yet. Scientific literature review played a critical
role in establishing the significance, novelty, and rigor of our research. It provided a comprehensive
understanding of the existing knowledge in the field and guided our research objectives and questions.

The aim of research. The paper aims at studying possibilities and efficiency of the Kahoot!
using as a gamification tool in maritime higher education.

The main material. Kahoot! is a service for creating quizzes, tests and didactic games. Its use
is a quick and interesting way of receiving feedback from students during any form of educational
activity. At the same time Kahoot! as the €Feedback™ tool reflects the BYOD system, where
smartphones become a tool, just like a chalk, a blackboard, or anything else. Tasks can be created in
the form of surveys, quizzes or tests on the site for work in an offline classroom or online classroom.
Students in the classroom use their smartphones or tablets as a “remote control” for answers. Kahoot!
is universal, as for checking grammar, vocabulary, history, technical science or any other disciplines.
Kahoot! can be used both synchronously and asynchronously, offering flexibility in how it is
incorporated into teaching and learning. In a synchronous setting, teachers can use Kahoot! to conduct
real-time quizzes or assessments in the classroom. Students can participate in the Kahoot! quiz
simultaneously, either individually or in teams, using their devices. The teacher can display the
questions and students can submit their answers within a set time limit. This promotes engagement,
healthy competition, and active participation. Kahoot! also can serve as an interactive review tool
during synchronous review sessions.

In an asynchronous setting, teachers can assign Kahoot! quizzes as self-paced learning
activities. Students can access the Kahoot! quiz and complete it on their own time, allowing for
flexibility in their learning schedule. Teachers can set deadlines for completion or use Kahoot! as a
formative assessment tool to track student progress. Teachers can choose the most appropriate mode
based on their instructional goals, class dynamics, and the availability of students.

In order to show the teachers different e-learning tools Kahoot! was also presented in e-course
“The effective use of additional tools while e-learning” on LMS MOODLE. The course has some
specific features (e.g. exploration of diverse digital tools, practical application and hands-on
experience, strategies for efficient online learning). The main objective of this e-course is professional
development of pedagogical and academic staff in terms of organizing e-learning. The tasks of the
course are the following:
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1) to provide theoretical knowledge and form practical skills on the use of additional tools during
e-learning;

2) to develop the ability to create and use additional tasks during e-learning;

3) to improve digital competence.

The course contains different modules devoted to various additional tools while e-learning (e.g.
tools to create surveys: Mentimeter, Aha Slides, Slido, Poll everywhere; tools to use online
whiteboard: Whiteboard.fi, drawp for school, Miro). Separate module is devoted to games for students.
Part of the course can be seen in Figure 1.
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Fig. 1. Part of a module devoted to games for students while e-learning on LMS MOODLE

This module contains links, videos, instructions, surveys and quizzes on Kahoot!. The first link
is the link to original website — https:/kahoot.it/ The next activity is in the form of a lesson (module
enables a teacher to deliver content and/or practice activities in interesting and flexible ways). In this
lesson course participants find out more about what Kahoot! is. This lesson includes five types of
questions: multichoice, essay, matching, short answer and true/false. The next activity of e-course in
5-minute video guide on Kahoot! use. The video was added to LMS MOODLE course with the help of
Label activity (html source from YouTube). The next is instruction on how to use Kahoot! in
e-learning. The last activity of the module devoted to Kahoot! is a survey on participants’ plans (Are
you going to use Kahoot!? [6, 7, 8]) with three possible answers: yes, no or I don’t know. The statistics
is given by LMS MOODLE automatically after each answer.

Kahoot! is a platform that has a web version. However, it is more convenient to use the mobile
application for Kahoot! while studying offline. While e-learning both versions can be used by tutor and
students [9]. The main task of Kahoot! is, first of all, creating quizzes or test tasks. Educational
material created on the platform is also called Kahoot. There are several ways to use Kahoot. Separate
Kahoot can be created for any topic. One of the interesting work options is the creation of a task,
where the student must answer the questions by his own. The student in the "Flashcards" mode must
answer the question without having any answer options. To check the result, the card needs to be
turned over and only then this mode will allow student to get the correct answer. Thus, the student
must independently search for answers, having no options, but relying only on the general topic of the
task and his own knowledge. This mode of operation can be used as a "lead-in" of a new topic or as a
“quick check” of the material of the previous lesson [10, 11].

“Quiz” mode is a mode similar to “multiple choice”: the task is done in the form of a test —
from two to four answer options are given to the question. This is a good mode to get a “quick check”
on a new topic. When working on a new topic, it is possible at any stage to check the level of students’
mastering the material. The mode does not have a timer for choosing the correct answer, so the student
experiences less stress and gets more time to think about the answer. After completing the tasks, the
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system offers to process errors immediately [12]. The example of Quiz question in Kahoot! can be
seen in the figure below.

What machinery can be seen in the figure below? 73

. Main engine

Fig. 2. The question of quiz created in Kahoot! for Maritime English subject

The “Continue later” button has been added to the program recently. Moreover, it makes it
possible to return after a pause and continue without starting all the Kahoot! tasks again. However, this
format can be adjusted to set a time limit for the work. “Puzzle” mode allows tutor to create a task
where the student can arrange terms, names, etc. in the correct order. “Open-ended” mode gives
students the opportunity to ask questions, and they have the opportunity to answer them. The answer is
limited in terms of time and the number of characters, which forms the ability to express one's opinion
clearly and logically [13, 14]. The example of the “Puzzle” can be seen in Figure 3.

Put the paragraphs of the text in correct order.

Scrubbers or EGCS are used to remove

particulate matter and harm

These scrubbing systems have been developed

to treat exhaust from engines.

SOx to atmosphere by sea-going vessels are -
[ - limited by international law. -
jiii

>

H
T The IMO regulations mandate that the sulphur  __

Fig. 3. “Puzzle” created in Kahoot! for Maritime English subject

Kahoot! also gives the possibility to hold competitions on busy days. There are two modes on
the platform for this — Challenge and Host live. Working in the Challenge mode requires students to be
sent a link to go to and join the challenge. Tasks appear on the screen, which must be solved within a
certain time. Competition participants see each other’s results and this gives them additional
motivation to quickly and efficiently complete the task. The game can be played in real time, which
makes the lesson live and interesting [15, 16].

In order to check the effectiveness of Kahoot! activities used at higher maritime education
institution pedagogical experiment was held on the basis of Kherson State Maritime Academy
(Ukraine). Teachers and students were chosen from Navigation department. The number of experiment
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participants is 64. Three teachers of the courses of the humanitarian and social cycle and 47 cadets
(male, 19-21 y.o0.). The teachers were trained on LMS Moodle e-course. Their task was to find more
about Kahoot! and other e-learning tools. The course contained theoretical material and practical tasks
(Assignments). As a result, course participants (Maritime English teachers) created 5 Kahoot!
activities on different topics to use them synchronously and asynchronously while e-learning (on LMS
Moodle and while Zoom meetings).

Two groups were created: experimental group (EG) and control one (CG). EG contained 23
cadets and CG contained 24 cadets. Randomization procedure of their division was used to minimize
bias and ensure that any differences between the groups are due to chance rather than preexisting
characteristics. We believe in such case each student has an equal chance of being assigned to either
group. EG’s cadets were receiving Kahoot! tasks while 2022-2023 academic year (first semester) and
CG was not. Kahoot! tasks for EG were given in LMS MOODLE and while Zoom video conferences.
After the experiment data analysis was performed by teachers [17]. The results of quizzes (final tests
on LMS MOODLE - Quiz activity with 23 questions) has shown positive changes in the state of
professional competence formation [18, 19, 20]. The statistics on LMS MOODLE final test (Maritime
English subject) can be seen in the Figure 4.
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Fig. 4. The statistics on final test of Maritime English subject from LMS MOODLE (EG)

It says that final test has shown the following levels:

) sufficient level of Maritime English — 4 cadets,
° good level — 14 cadets,
° excellent level — 5 cadets.

The statistics of CG cadets has shown the following results:
o sufficient level of Maritime English — 12 cadets,
° satisfactory level — 7 cadets,
° good level — 4 cadets.

To check if there is a significant difference between the mean performance of the two groups
descriptive statistics was used: EG has more cadets with good (10) and excellent level (5) than CG
which has more cadets with sufficient (8) and satisfactory (7). According to the findings of experiment
the use of Kahoot! has resulted in improved knowledge retention and understanding of Maritime
English concepts and vocabulary by cadets. The platform's repetitive and interactive nature, combined
with immediate feedback, can reinforce learning and help cadets consolidate their understanding of the
language. The experiment has also assessed the impact of using Kahoot! on learning outcomes, such as
improved language proficiency, increased vocabulary acquisition, and enhanced communication skills.

Graphical representation of final test’s results from LMS MOODLE e-course for CG cadets can
be seen in the Figure 5.
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Fig. 5. The statistics on final test of Maritime English subject from LMS MOODLE (CG)

To receive feedback from EG participants (23 cadets), a survey was created using Google
Forms. The cadets were asked questions regarding the evaluation of work with Kahoot!.
The following questions were created in the survey:

e  Convenience of working with Kahoot! activities (rating from 1 to 5, where 5 is the
highest mark);

e  Availability of work with Kahoot! (rating from 1 to 5, where 5 is the highest mark);

e Interestingness of working with Kahoot! activities (rating from 1 to 5, where 5 is the
highest mark);

e  Efficiency of work with Kahoot! tasks (grade from 1 to 5, where 5 is the highest mark).

The results of Google survey can be seen in the following figures:

the number of votes

1l

2

u3

Fig. 6. Cadets’ answers to the survey question: Convenience of working with Kahoot! activities

Thus, 53% of the cadets rated the work with the tool as high as possible, 23% rated it as good,
and 17% rated it as satisfactory, the tool did not receive lower scores. Cadets noted fairly high level of
convenience of work with Kahoot! activities.
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Fig. 7. Cadets’ answers to the survey question: Availability of work with Kahoot!

83% of cadets found the tool to be the most accessible to use, 17% believe that the tool has a
good rating, and 1-3 points received zero votes.
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Fig. 8. Cadets’ answers to the survey question: Interestingness of working with Kahoot! activities

90 % of cadets found the tool to be the most interesting in their work, 10% believe that the tool
has a good rating, and 1-3 points received zero votes.
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Fig. 9. Cadets’ answers to the survey question: Efficiency of work with Kahoot! tasks

90% of cadets confirmed the undeniable effectiveness of working with Kahoot!, 10% rated the
work as good, and 1-3 points were not used.

Conclusions. Using Kahoot! as a “quick check” tool in the educational process at the maritime
higher education institution is justified, as it creates conditions for active tasks during any form of
education including e-learning. Increases interest and motivation to study, the teacher can obtain the
results of assimilation of both new and previously completed material in the shortest possible time.
After receiving the results, you can immediately fill the gaps in the acquired knowledge.

Kahoot! was used during the teaching of Maritime English and courses of the humanitarian and
social cycle, which made it possible to assess the quality of its work and the effectiveness of its
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application. So, having passed the approbation, the tool can be used in other cycles of disciplines,
especially interesting results were obtained during the competition: memorization of information
increased by about 50 percent, as different types of memory were included in the work.

So, using Kahoot! as a "quick check" tool in the educational process in a higher education
institution can serve as the newest tool for obtaining learning results and can be used to increase the
student's interest and motivation in learning. It's important to note that while Kahoot! can enhance
maritime higher education, it should be used as a complement to comprehensive instructional
strategies and curriculum design. Instructors should align the use of Kahoot! with the specific learning
objectives, content, and assessment methods of maritime education programs. High convenience and
availability (53%), accessibility (83%) and efficiency (90%) of working with the Kahoot! tool during
classes were also confirmed by cadets, and 75% considered its use interesting, which accordingly
increases the effectiveness of work during classes.

Thus, the introduction of the principle of BYOD into the educational process of a higher
maritime institution fully justifies the use of gadgets during work in foreign language classes as well as
in social and humanitarian disciplines in the online/offline/blended system and has significant
advantages. In particular, active and fast communication with the teacher regardless of the location of
the student or teacher is considered as one of the advantages. The next advantage is the work with
various types of didactic material in the gadget at anytime and anywhere. The advantage is also great
variability of different tasks (e.g. watching video films). Performing tasks, current and final controls
and quickly obtained results for the completed test, final work, using various electronic tools and their
combination makes the educational process rich and active. Quick exchange of information between
the teacher and the audience, as well as the possibility of instant grouping of students in working
groups according to the assigned task makes e-learning more interesting and exciting.

The prospects of our further research can be seen in the use of other gamification and
game-based learning tools at higher maritime education institutions (e.g. Mentimeter, Miro).
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XepcoHchbKa Jep;KaBHA MOPChbKa aKajaeMisi, XepcoH, YKpaina

KAHOOT! AK [IHCTPYMEHT TEHMI®IKAIIII OCBITHHOTO IIPOI[ECY
B MOPCHKIH BHLIIH OCBITI

Crarts npucssiueHa BukopuctanHio Kahoot! gk irpoBoi HaB4asibHOT MIaTQopMH y 3aKiaji
BUIIOI OCBITH. Y Wil cTarTi mpoanamizoBaHo BIuiMB Kahoot! Ha pe3ynbraTtu HaBuaHHS MaiOyTHIX
MopchbkuX (axiBuiB. OmnucaHO TPOIEC BUKOPUCTAHHS 1HCTPYMEHTY «3BOpPOTHIM 3B’S30K» B
OCBITHBOMY IIPOLIECI BUIIIOTO MOPCHKOTO HABUAIBHOTO 3aKJIAdY.

[IpoBeneHo ormisia HAyKOBO1 JiTEparypu IMOAO0 reimidikaiiii B HaB4aHHI, 30KpeMa JI0CIiKEeHb
IHIIIMX BYEHUX Ta iX MiJIXO/iB IO BUKOPUCTAHHS IHCTPYMEHTIB, TakuXx sk Kahoot!. 3pobneHo akueHt Ha
TOMY, III0 HaBITh 3a YMOBHM KomepuiiiHoro xapakrepy Kahoot! icHytoTh 0OMeXeHI MOXIUBOCTI IJIs
0€3KOIITOBHOTO BUKOPUCTAHHS.

Onucano MoxIUBOCTI BukopucTaHHs Kahoot! sk 1HTepakTUBHOTO I1HCTpyMEHTa SK Y
CUHXPOHHOMY, TaK 1 B AaCHHXPOHHOMY peXuMaX. Y CHHXPOHHOMY pPEXUMI BHKIaJadl MOXYTb
MIPOBOJIUTH BIKTOPUHU B PEAIbHOMY Hacl, a CTYAEHTH MOXYTh OpaTH y4yacTh Y HUX, BUKOPUCTOBYIOUU
CBOi NPUCTPOi, 110 CHpHUsE AKTUBHIN ydyacTi Ta 310pOBii KOHKypeHIii. B acMHXpoHHOMY pexumi
BUKJIaJ]auyl MOXYTb JaBaTH 3aBJIaHHS Ha CaMOCTiMHE BMBYEHHs CTYJAEHTaM, K MalOThb MOXIIUBICTb
npawtoBaty 3 Kahoot! y 3pyunuii 171 HuX 4ac, 10 Cripusie THyYKOCTI B HABYaHHI.
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[IpencraBneHo pe3ynbTaTu EKCIEPUMEHTY B XEpPCOHCBHKIN JepaBHIM MOpPCHKiM akagemii, nie
Kahoot! OyB BHKOpHCTaHMI Ul HaBYAaHHS MOPCHKOI aHIIINCHKOI MOBH Ta TyMaHITapHHUX KYpCiB.
[licns anamizy JaHuUX BHSABJICHO TIO3UTHUBHI 3MIHM y piBHI c(opMoBaHOCTI mpodeciitHol
KOMIIETEHTHOCTI CTYJICHTIB, 110 TiITBEPUKYE MOKPALICHHS PO3YMiHHS HaBYAJILHOTO MaTepiaiy.

VY pochipkeHHi mpoaHamizoBaHo ponb Kahoot! B opranizamii 3BOPOTHOTO 3B SI3KY MIXK
BHUKJIQJIaYeM 1 CTyJeHTaMHU mija 4ac 3aHaTh. Came ioro cnernudika Ta 0COOMMBOCTI BUZHAYAIOTHCS K
MearoriYHui 1IHCTPYMEHTAPIH Al IBUAKOTO MPOBEIACHHS 3pi3y 3HaHb, HAOYTUX CTYJCHTAMH IIiJ] 4ac
Oynp-sikoi (opMu HaB4YaHHS Ta pi3HUX (OPM HABYAJBHHUX 3aHATh. 3arajoM JOCHIDKEHHS 1
BIIPOBA/KCHHS HOBAaTOPCHKUX MIiAXOMIB y cdepi reiimidikamii Ta irpoBoro HaBYaHHS BiJKPHBAIOTH
IISX 10 CTBOPEHHS €()EKTUBHOTO OCBITHBOTO CEPEOBHUINA.

[lepcrieKTHBH MOAANBIIMX JOCTI/KEHb MH BOA4aeMO Yy JOCHIHPKEHHI BUKOPHUCTAHHS I1HIIMX
3aco0iB TeiMidikarii Ta iIrpoBOr0 HaBYaHHS y BHUIIWX MOPCHKHUX HaBYAJIBHUX 3aKiIanax (HANpUKIIA,
Mentimeter, Miro).

Kurouosi ciioBa: Kahoot!, refimidikaris, enexrponne Hapdanusi, LMS MOODLE

Crarrs Haginnuia 1o penakmii 25.12.2023
The article was received 25 December 2023
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Current socio-ecological and socio-political challenges dictate the implementation of a
complex of information and communication (digital) technologies into the organization of the
educational process. This makes it possible to implement the process of distance learning in
educational institutions in situations of natural and technogenic uncertainty. The organization of the
educational process is directed not only to the assimilation of individual blocks of theoretical
information but also to the ability of students to make independent decisions and act in various
situations, practically using the accumulated knowledge. To achieve such results, it is necessary to
apply new approaches to the organization of the educational process, focusing on personal and
professional individuality of each student, relying on a differential and creative approach in the
learning process, and using variability of interactive forms and training methods. This approach not
only increases the likelihood of knowledge assimilation but also allows going beyond them in the area
of development of students' analytical skills and self-awareness, communication and leadership skills,
and formation of decision-making in conditions of uncertainty.

In this context, it is worth considering the problem of using the case method in professional
training with an emphasis on the essence of the case method as an interactive learning method and as
a form of organization of educational and cognitive activities of students, as a pedagogical technology
used in the process of professional training; on the potential of the case-method as a powerful tool for
interactive, personality-oriented student learning strategy aimed at developing their critical thinking,
communication skills and interpersonal communication skills.

The most powerful are cases that make it possible to obtain a number of reasonable estimates,
which leads to variable, but equally plausible and proven conclusions. Also, an effective means of
professional training in the system of continuous and open education is the use of case triggers, which
are presented in the form of unresolved or provocative issues that require further searches and
discussions. Particular attention is paid to developing cases specifically focused on the development of
students' scientific skills (interrupted case).

The results of using the case method, as one of the most promising interactive methods of
organizing vocational training, to ensure the quality of education during distance learning using ICT
tools on the example of professional training of future specialists in the field of special and clinical
psychology are analyzed.

Keywords: The case method, quality of education, higher education, vocational training,
distance learning, knowledge control, ICT tools

1. Introduction

The modern reality is full of socio-economic, socio-ecological and socio-political challenges
for the cohesion of society and the preservation of the course towards compliance with European
values. In achieving the United Nations Sustainable Development Goals by 2030, the world
community sees the important role of higher education in the context of training active, critical and
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responsible members of society aimed at professional, social and personal self-improvement
throughout their lives [19].

On the other hand, international experience shows that the driving forces behind
socio-economic development and/or economic recovery in many countries are digital technologies that
determine the basis of sustainable development in the future. Digital solutions that "increase" their
presence in everyday life actualize the need for systemic changes based on digital transformation in
general and, in particular, in education systems. In the context of education, these new priorities and
requirements have been transformed into the European Union's political initiative "Digital Education
Action Plan" (2021-2027), which is based on a "long-term strategic vision for high-quality, inclusive
and accessible European digital education" and an emphasis on "promoting the development of a
highly effective digital education ecosystem" [7].

Accordingly, the potential of ICT in solving the problem of ensuring the quality of higher
education in difficult social situations cannot be ignored, since, in modern conditions of numerous
threats to global peace, democratic values and health (such as the world pandemic of Covid-19, the
war in Ukraine and the aggravation of military aggression in other countries of the world), higher
education faces the problem of preserving the quality of training future specialists in higher education
institutions. The socio-ecological and socio-political challenges of today have exposed the problematic
places of the world education system in ensuring the quality of educational services in accordance with
the principles of continuity, accessibility and personal orientation — the principles of a conceptually
new model of education, open education.

To bridge the gap between higher education institutions and recipients of their educational
services during world cataclysms, a form of educational process organization is widely introduced,
which involves the use of distance learning technologies — a complex of educational technologies
(technologies of development, project, mixed, differentiated, programmable, modular learning, etc.), as
well as information and communication (digital) technologies that make it possible to implement the
process of distance learning in educational institutions during emergencies of natural and
anthropogenic origin, quarantine, other circumstances that objectively make it impossible to visit
educational institutions [26].

It can be argued that prior to the Covid-19 pandemic, the education sector in much of the world
was often under-engaged both in the design and development of distance learning technologies and in
discussing the ethical implications of using digital media and technology to actively address the
demands of open education. However, ICT opportunities should not be ignored to promote more
sustainable education systems that provide continuous and equitable learning opportunities for all.
UNESCO experts note in the context of monitoring global education in the synergy of technology and
education that achieving Sustainable Development Goal No. 4 — quality education — "depends on the
opportunities and challenges associated with technologies" [6, p. 2].

New learning conditions demand that higher education institutions of Ukraine should be
transformed in accordance with the European standards, whose determining criteria are:

° quality of specialist training;
fundamentalization and individualization of learning;
building trust between subjects of education;
compliance with the requirements of the European labour market;
mobility of students and teachers;
compatibility of qualifications;
increasing the competitiveness of HEI graduates, etc. [1].

This urges the search for such methods of training in higher education, which would allow a
future specialist to form the skills of independent, critical, operational thinking, adaptation and
orientation in the information-saturated space, based on the activity approach, focusing on the personal
and professional individuality of each student, relying in the learning process on a differential and
creative approach, using the variability of interactive forms and methods of preparation. In our
opinion, the case method, aimed at developing critical and conceptual thinking, communication skills
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and interpersonal communication skills among future specialists, is a powerful tool for interactive,
personality-oriented strategy in teaching students.

In that regard, we would like to look at the case method as a technology for ensuring the quality
of higher education during distance learning using ICT tools. The platform for the creation and
development of case technology was the American system of training specialists. In the twentieth
century, on the basis of Harvard University, case situations began to spread widely for students
studying in various areas of training. The case method is called learning "the art of managing
uncertainty," in which the teacher acts as an author, organizer, moderator, judge and partner in a joint
search with students for solutions to real problems and tasks [4, p. 35]. Unlike lectures and seminars,
the case method unfolds without a detailed scenario, requiring the leader to be able to simultaneously
manage both the content and the learning process, as well as careful preliminary preparation [13, p.68].
The literature describes the functions and educational capabilities of the case method [15] and proves
the effectiveness of using the case method in the process of teaching the disciplines of the
humanitarian cycle (M. Chumak, S. Nekrasov, N. Hrychanyk et al., 2022; Z. E. Skrypnyk, 2012;
Manas Ranjan Tripathy, 2009; etc.). Today, the efforts of specialists are aimed mainly at developing
modern, more effective case formats and methodological approaches to the training of professionals of
the highest level (P. Sheremeta, H. Kanishchenko, 1999; O. Sydorenko, et al., 2001; Yu. Surmyn, et al.,
2002; J. Mayo, 2004; I. Osadchenko, 2011; N. Lytvyniuk, 2020; etc.). C.F. Herreid proposes to use the
so-called case triggers, which are presented in the form of unresolved or provocative questions that
contain enough of information for the situation to be credible, but are not sufficiently described in
detail to elicit a specific conclusion, without further searches and discussions [3, p. 67-70]. The
development of cases specifically focused on developing students' scientific skills and increasing the
level of student research was carried out by L.B. Barnes, C.R. Christensen, S. Grunwald, A. Hartman
and others.

At the same time, issues of the general methodology for using case methods for educational
purposes, typology and classification of cases, as well as the problem of developing and using means
for assessing their effectiveness, especially in the conditions of distance learning, remain insufficiently
studied. In addition, a large and rich arsenal of case methods for training specialists in certain fields
remains the property of a very limited circle of specialists.

The main aim of the article is to deepen scientific ideas about the potential and characteristics
of using the case method as a technology for ensuring the quality of higher education during distance
learning using ICT tools on the example of professional training of future specialists in the field of
special and clinical psychology.

2. Use of case method in professional training

The competence approach, on which the new educational standards of higher education are
based, suggests that the organization of the educational process is directed not only at the assimilation
of separate blocks of theoretical information, but also at the ability of students to make independent
decisions and act in various situations, using the accumulated knowledge in practice. To achieve such
results, it is necessary to apply new approaches to the organization of the educational process:

° focusing on the personal and professional individuality of each student;
° relying in the learning process on a differential and creative approach;
° using the variability of interactive forms and methods of preparation.

Specialists of American and European HEIs with a long tradition of using cases in training
specialists in business, law, medicine, psychology, L.B. Barnes, C.R. Christensen, C.F. Herreid define
the key principles of using the case method. The case method is a form of training based on a
discussion in a group of students of a complex and often ambiguous real professional situation, for the
solution of which, as a rule, its comprehensive research is necessary. In its content, the use of the case
method contributes to the transition from a traditional, teacher-centered model to interactive education,
whose central participant is a student playing a leading role in organizing his own learning and mutual
learning. When implementing the method in practice, the teacher uses questions, dialogues,
discussions and other analytical techniques to engage students in a complex process of educational
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interaction. Such an approach not only increases the likelihood of learning but also allows students to
go beyond them into the zone of development of analytical skills and self-awareness, communication
and leadership skills, and formation of decision-making ability in conditions of ambiguity. By
organizing the discussion, the teacher does not try to cover all the material in the classroom, but directs
students on the path of discovery, critical reflection and disclosure of the deeper meaning of the
material through its active processing and discussion. It is important to note that the teacher himself
should be well prepared both in terms of the contents of the material under discussion and in terms of
the organization of the discussion process, focused on the knowledge and experience of its
participants. In the case method, students are co-authors of the educational process, preparing for
discussion in advance (first, individually and then in small groups). They take part in the work on the
case as speakers and listeners, to increase their professional competence and train other group
members. Discussion can also take place after classes, when students reflect on the results of group
work and use them in the broad context of academic and professional life [5]. Scientific works of
domestic and foreign scientists G. Bagiyev, M. Dolgorukova, O. Prutchenkova, O. Sydorenko,
O. Smolyaninova, V. Chuba, O. Shevchenko, P. Sheremeta, make it possible to outline the goals of
using cases in teaching:

) the applied use of theoretical concepts and bridging the gap between science and
practice; encouraging active learning and creating conditions for students to develop communication
skills, skills to work in a group and solve professional problems;

° students' enjoyment of joint discussion and the growing desire to learn.

Case-method provides the development of key skills: group work skills; individual training and
research skills; the ability to find and analyze information obtained from various sources (library,
Internet resources, experimental results, expert reports); presentation skills; practical and management
skills. As for the methods and techniques of organizing work with cases in the audience, they can be
either: Socratic dialogues; planned discussions; symposia, debates; public hearings and approbations;
work of research groups; thematic reports; discussion reports (for example, the exchange of arguments
of supporters of two opposite positions with a final conclusion). The formal organizational basis for
case classification can be the situational-content principle of case grouping proposed by Robert Yin
[18, p. 48]. Describing the case as a promising method of qualitative scientific research, the author
notes that it is advisable to use the case method to discuss and analyze at least four different
professional situations:

1. To explain causal relationships that require interventions (actions) in a real situation.

2. To describe the actual conditions in which the action occurred.

3. To describe the action itself.

4. To study those situations in which the performed action did not bring the expected

result.

2.1.  Use of the case method in professional training of psychologists (special, clinical)

The term "case method" (case study) is literally translated from English as a method of one
case, indicating its focus on a particular situation. Accordingly, generalizations and conclusions made
on the materials of a particular case are not statistical, but are explanatory-logical, based on analogies
with similar situations and therefore characterized by subjectivism. At the same time, K. Harrid notes
that the use of a particular case for educational purposes implies its typicality and relevance to the
relevant sphere of reality, requires taking into account the totality of external and internal conditions
and factors, as well as the possibility of various, often alternative and unpredictable options for further
developments [3, p. 68].

One of the effective ways to overcome subjective tendencies during the work of students with
the case is to use the technique of interruption, the so-called Interrupted Case Method. For example, in
the practice of our work, we used scientific articles on special psychology from the Scientific Journal
of Dragomanov National Pedagogical University (Series 19. Correctional Pedagogics and Special
Psychology). Students read out the description of the problem and the task of the study and formulated
the task of developing a program of experiment aimed at solving the problem described. The work was
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carried out in small groups, after which each group presented its results and justified the choice of the
proposed approach, diagnostic tools and research procedures.

At the next stage of the discussion, the teacher briefly describes the method of solving the
problem used by the author of the article and asks students this time to predict the likely results of the
study. After some time, the groups present and substantiate their assumptions, which the teacher
accompanies with comments.

Then the teacher reads out the actual data published in the article and again sets tasks for group
work, offering to analyze the results obtained by the author and draw a conclusion about the research
hypothesis. The work ends with reading the description of the results and conclusions presented by the
author of the article and discussing with students their validity and correctness.

The experience of conducting a case in this format makes it possible to conclude that this
format best meets the conditions of scientific search: students work with incomplete data, put forward
controversial hypotheses, collect additional information, make assumptions again, check and measure
their position etc.

In the practice of teaching the disciplines "Psychodiagnostics and Selection of Children in
Special Educational Institutions" and "Psychoprognostics in Special and Clinical Psychology," a
case-trigger was used, in which an uncertain (and to some extent provocative) psychodiagnostic
situation was proposed, which had different possibilities and options for its definition and needed
diagnostic tools corresponding to these options. The task consisted of two parts. In the first part,
students were offered to discuss the diagnostic situation with the variability of the possible causes of
the described problem: "The degree of inattentiveness and disorganization of the child is impressive.
Vika constantly forgets something at home on subjects, forgets to write down homework in a diary,
often asks the teacher again. This is especially noticeable when the teacher explains what needs to be
done (gives instructions). At such moments, the girl must repeat what was said several times before the
instructions are accepted and executed. Such attention features affect the results of educational
activities: the main mistakes from disorganization and inattentiveness". Students had to prognostically
determine the cause of such inattentiveness and disorganization, carefully reading the text and taking
into account all possible causes of the described problems. The age of the child is not indicated
deliberately.

Part II: applying case technology, students working in small groups of two or three people had
to collect a complete case to solve the proposed psychodiagnostic situation described in the first part of
the problem: 1) if the child is eight years old and has a minor cognitive impairment (mental
retardation); 2) if the child is nine years old and has ADHD; 3) if the child is seven years old and
pedagogically neglected; 4) if the child is 13 years old and has a disharmonious mental development.
To create a case, students needed to adhere to such structures: give an annotation, that is, a general
description of the case; identify the key idea, that is, the problem for discussion; outline the purpose
and target audience; to analyze the situation - all the factors that determine it; identify and plausibly
describe the influence of all forming figures that may interact with the child; describe the plot of the
case (its plot structure), that is, outline the range of issues that need to be resolved; determine the
necessary diagnostic tools and argue the feasibility and sequence of using the selected methods;
indicate possible types of dosed psychological assistance that can be provided to the child during the
examination; based on the analysis of causal relationships to offer possible solutions to the problem
(areas of psychological assistance) with a plausible forecast of their consequences; provide guidelines
for working with the case.

In the practice of teaching the discipline "Psychological Correction," a case method was also
used, in which students were offered, when summarizing knowledge of age psychology, special
psychology, psychodiagnostics and psychological counseling, to draw up general correction programs
to provide psychological assistance to children with different types of disorders of psychophysical
development. The following components should have been included in the case structure: general
characteristics of the disorder; psycho-corrective target; psychocorrectional tasks (taking into account
the degree/variant/form/group of the disorder); types of activity, due to which psychocorrection of a
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particular type of disorder is possible; forms of work; methods and techniques that can be used taking
into account the age, individual and physical characteristics of children.

To obtain a reliable and complete assessment of the effectiveness of the case method, we used
tools that allowed us to analyze quantitative (test results, survey data) and qualitative (case discussion
materials) information. Both direct indicators of assimilation of the content of the courses
"Psychodiagnostics and Selection of Children in Special Educational Institutions", "Psychoprognostics
in Special and Clinical Psychology", "Psychological Correction", "Psychocorrection of School
Desadaptation in Inclusive Education", "Special Psychology", "Pathopsychology", "Clinical
Psychology", and key intellectual, professional and communicative skills of students were analyzed.
For this, standardized achievement tests and a series of specially designed booklet questionnaires can
be used simultaneously.

Case materials are analyzed to evaluate:

) level of integration of theoretical knowledge;
) depth of analysis;
° reflective abilities of students.

In addition to individual results, it is possible to use expert assessments of the student's work by
group members and observers according to a number of criteria: the degree of involvement in the
discussion; the ability to produce ideas and hypotheses; ability to argue and persuade; willingness to
participate in the work of the group, etc. Additionally, information obtained during the discussion and
in the process of establishing feedback can be analyzed.

2.1.1. Use of ICT to ensure the quality of higher education during distance learning

As noted by Habibur Rahman (2014), ICT is a potentially powerful tool for expanding formal
and informal educational opportunities. ICTs open access to professional, educational and social
communities without geographical restrictions. «For developing countries, ICT have the potential for
increasing access to and improving the relevance and quality of education» [8, p. 165].

Exploration ° Expansion, Decentralization 1 ICT e

- ’ . e e Induction of multimedia, Flexible learning modes based on
Print Based Distance Education,  Television and Radlo was teleconferencing, video online delivery through the
Hand written text books, mode of i conferencing and telephones, internet. Interaction between

distribution was Postal Services  the previous mode, 2nd Gen is - : : : : #
also called industrial mode lnterachve::tg;r_!:lrsma learning learner and content improved.

Figure 1. Evolution of distance education (M. Mubasher Hassan & Tabasum Mirza, 2020)

A study by M. Mubasher Hassan & Tabasum Mirza (2020) indicated that distance learning had
undergone several stages of evolution, and today its old models are often assimilated with modern
ones, complementing them (for example, printed materials are still used together with video materials,
VSAT, but "the Internet is mainly used"). The same situation is observed with the use of pedagogical
methods, among which it is impossible to distinguish the dominant ones — in distance learning a
synergistic approach is used, which combines various pedagogical methods in a complex way [16].

Among the advantages of using ICT to ensure the quality of higher education during distance
learning it is worth mentioning the following as the main ones:

° scale, speed of content transfer, absence of any restrictions in time and space (full
classes in real time from any access point);
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° improving the quality and variability of teaching — the presentation of educational
material and the use of pedagogical tools (assistance in creating new educational content, various
teaching modes, ample opportunities for teachers to receive modern information through the Internet
network and joining the network of a professional community etc.);

° wide access of higher education applicants to diverse and high-quality educational
resources ("electronic manuals, videos, animations, lecture notes, encyclopedias, virtual laboratories,
digital libraries, software for online simulation and other educational environments... various online
modules, where educational material is provided in the form of interactive lectures or transcripts" [16],
etc.);

° live online environment as a result of indirect communication in a professional, social
and educational environment (the virtual classroom environment allows you to participate in real-time
learning and provides synchronous interaction between teachers and students in educational activities
[16], and also stimulates cooperation for productive interaction in the systems "student — student",
"student — teacher", "group — teacher");

° discipline (openness and transparency of the distance learning management system
allow you to track and control the student's educational activity, stimulate his discipline in the process
of mastering the educational material) and quick feedback;

° optimization of the administrative activities of the institution ("ICT can be used for
registration, admission, evaluation, distribution of certificates, since most institutions providing
distance education conduct all actions online, eliminating the need for physical participation of the
student" [16]);

° economic feasibility (reducing the cost of travel to the educational environment,
material and technical preparation and distribution of educational material, etc.).

In a study by Yi Yang & Linda F. Cornelious (2004) 10 key tenets of quality online learning
proposed by Allen et al. (2001) were reviewed. The authors suggested that online courses «will be high
quality when they are student-centered and when:

1. Knowledge is constructed, not transmitted.

Students can take full responsibility for their own learning.

Students are motivated to want to learn.

The course provides “mental white space” for reflection.

Learning activities appropriately match student learning styles.

Experiential, active learning augments the Web site learning environment.
Solitary and interpersonal learning activities are interspersed.

Inaccurate prior learning is identified and corrected.

«Spiral learning» provides for revisiting and expanding prior lessons.

0. The master teacher is able to guide the overall learning process» [20, p. 853].

In our opinion, these postulates correspond to the case method as a technology for ensuring the
quality of higher education during distance learning using ICT tools.

S0 NN AW

2.1.2. Use of the case method to ensure the quality of higher education during distance
learning using ICT tools /on the example of professional training of psychologists (special,
clinical )/

In addition to the requirements for ensuring the quality of educational services during distance
learning (effective structure and organization of courses; interactive activities and formative evaluation
based on practical, authentic material with examples and tasks based on experience; balance of
individual and group work in the context of online interaction; constant guidance and support from the
professor) [2], one of the urgent problems that we faced during the organization of the educational
process using distance learning technologies in a higher education institution turned out to be an
objective assessment of students' knowledge. First, the teacher does not have 100% ability to track the
integrity of the task by the student, because it is limited in the ability to monitor how the student
performs the task (using additional sources of information (other gadgets, artificial intelligence,
compendium, tip someone around, etc.) or not), and prove the fact of cheating, for example. This
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applies as online testing (with options for closed and open questions), as well as the preparation of a
report or presentation, an oral response, etc. Secondly, we observe a decrease in the motivation of
Ukrainian students for successful learning, which, in our opinion, in current circumstances may be
associated with a deterioration in their psychophysical and psycho-emotional functioning, a
reassessment of values (existential crisis, professional crisis), lack of faith in a quality future, lack of
proper material, technical and living conditions for training, the need to work to meet their basic needs,
etc. Our observations are confirmed also by Zh. Bab'yak with co-authors [21] and partly by
H.Thathsarani et al. [9].

Accordingly, in order to ensure the quality of higher education during distance learning using
ICT tools, those methods of assessing students' knowledge that were effective during offline training
(in the classroom, face to face) are not always effective. Therefore, the teacher is required to create a
system of evaluation that would be based on the ability of the future specialist to demonstrate an
understanding of the scope of his future professional activity, as well as the necessary skills associated
with the implementation in practice of the theoretical knowledge gained.

As noted above, we consider this method a case method. The most powerful are cases that
provide for the possibility of obtaining a number of reasonable estimates, which leads to several
equally plausible and affirmative conclusions, each of which requires further actions of different
directions (L.A. Mauffette-Leenders, J.A. Erskine, & M.R. Leenders, 1999). Here is an example from
our practical experience of using the case method to assess the knowledge and skills of students during
distance learning. During the study of the discipline "Special Psychology" in laboratory work to form
the skills of differential diagnosis of various variants of disorders of psychophysical development and
assess the ability of practical use of the acquired theoretical knowledge, students should analyze the
training examples. As an example:

Paul, 12 years old. He got into the children's room of the police with a group of homeless
people. During interrogation, he could not remember his home address, was confused about the date,
and did not remember how much time he did not live at home. He said that he asked for money from
passers-by, participated in thefts ("because Dimon said so" — the leader of the group, the undisputed
authority for the guy), he did not see anything wrong with what he did ("he wanted to eat — he went
and took"). The mood is high, there is no criticality to the events. On hearing accidentally the saying
"The pussy knows, whose fat it ate", he asked if that pussy was in the station to play with and if he can
have some fat, because he wanted to eat. He reads by syllables, score within 5, graphic samples are
performed clumsily. His speech is poor and agrammatical; he could not remember the name of the
thing often ("well, this... the one that... "). Generalization tasks are only available in elementary form.
He could not classify the general group of wild and domestic living creatures into animals and birds.
At the slightest difficulty, he tried to avoid the task, and he did not accept the help of a psychologist.

If there are more than 10 students in a group, a case study can be made public before the lab
session for preview and analysis in Google Classroom | Moodle to save group discussion time directly
in the class. Students carry out the analysis of the educational example according to the following
scheme:

PROBABLE DISORDER 1 — MAIN MANIFESTATIONS OF I

PROBABLE DISORDER 2 - MAIN MANIFESTATIONS I DIFFERENTIAL -
CONCLUSION

PROBABLE DISORDER n — MAIN MANIFESTATIONS OF I DIAGNOSIS

Subsequently, a group discussion of individual conclusions is organized on the Google Meet |
Zoom platform, a constructive discussion is maintained to find an objective solution to a specific
educational example.

In the discipline "Psychocorrection of School Desadaptation in Conditions of Inclusive
Education," during the final control (exam), instead of classical tickets (to prepare a written answer
and submit it in electronic format for verification) or online testing, students are also offered training
cases with further public protection of their professional opinion in the group. For example:
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A second-grade teacher turned to a psychologist with a complaint about a student, a girl of 8
years old. According to her, Mila (the name of the girl) goes to school without a desire, studies poorly,
is undisciplined, is constantly distracted in class, does not listen to the teacher. When she gets tired of
classes, she can stand up and walk around the classroom. During breaks, she is excessively
hyperactive, often fights, and is aggressive. She has no distinct interests or predispositions. She
occupies the position of class leader, and likes to command in joint games. Due to Mila's poor
performance and inappropriate behaviour, the teacher and head teacher of the elementary school
recommended that her mother consult a psychologist, but she did not. Being a child from an
incomplete family, she never saw her father. The mother is busy solving her issues, and does not bother
herself with her daughter's education. Towards adults trying to "educate" her, the girl shows violent
negative reactions, gets rude and snaps.

Working with the case consists of several stages:

1. Conduct an etiopathological analysis of the situation.

2. Determine the key hypothesis — the cause of the signs of school desadaptation in this
case.

3. Outline the range of issues that need to be addressed (an indicative plan for the work of
a psychologist with a specific case).

4. Determine the necessary diagnostic tools and argue the feasibility and sequence of using
the selected methods.

5. Taking into account all identified possible variants of developmental disorders (in this

case — a) persistent intellectual disorders, b) minor cognitive development disorders, c) attention deficit
disorder and hyperactivity, d) personality disorders) to propose possible directions of psychological
assistance with specific practical examples of their implementation (types of activities due to which
psychocorrection of a particular type of disorder is possible; forms of work; methods and techniques
that can be used taking into account the age, individual and physical characteristics of children).

6. Formulate guidelines for the nearest social environment of the child from the
educational example.

7. Defend your work.

As practice shows, this form of organization of quality control of education of future specialists
in the field of special and clinical psychology gives a more objective idea of the level of knowledge
and skills of students than oral online surveys or online testing.

3. Conclusions

In a study by J. Mayo they compared the performance of three test blocks and the final exam in
the Psychology of Attachment course in two groups of students: with the traditional learning model
and using the case method. The latter demonstrated a higher level of assimilation and comprehension
of the course material and readiness for its practical use [11, p. 139]. Analyzing the obtained final
results of the study of the above disciplines, we noticed the best ability of students who took an active
part in the discussion to use the principles of scientific research to solve professional problems and
found a direct relationship between the number of concepts discussed in the group and the depth of
analysis and the number of productive ideas presented in individual student reports. When answering
questions in questionnaires, students noted that the case method stimulates critical thinking, the desire
to be independent in judgments, contributes to improving attitudes toward the subject being studied, to
developing oral and written language skills (which is an essential component of the professional
competence of a psychologist). Students also indicated some stressful moments associated with the
implementation of the case: the need to work with a large amount of material or, conversely, with
insufficient information; tight time frame; vague instructions and high levels of uncertainty, as well as
uncertainty about the correctness of their own statements.

Thus, based on the analysis of available scientific research and feedback from students, it can
be noted that the case method:
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° is one of the most promising interactive methods of organizing professional training of
specialists in the field of psychology (special, clinical), especially in the context of assessing students'
knowledge during distance learning using ICT tools;

° contributes to increasing the level of psychological readiness of future specialists for the
effectiveness of assimilation of educational material and for practical professional activity;

° expands the possibilities of modelling future professional activities by immersing
students in a specific problem situation that is typical for their profession;

° increases the emotional involvement of students due to group dynamics in the learning
process;

° promotes positive professional motivation and the formation of professionally important

personal qualities and competencies.

And finally, we want would like to emphasize that when implementing the case method in the
educational process, one should be sure that students have a sufficient level of theoretical knowledge
and basic research skills. In addition, during classes, it is necessary to have free and prompt access to
various sources of information, because otherwise the powerful educational and developmental
potential of the case method will not be realized. The level of students' access to ICT tools and their
proper technical capabilities to work out tasks online is equally important.

As a further route of our study, we should note the planning of an empirical proof of the
effectiveness of the case method as a technology for ensuring the quality of higher education during
distance learning using ICT tools.
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Ykpaincbkuii 1ep:xaBHuii yHiBepcuTeT iMmeni Muxaiina /Iparomanosa, KuiB, Ykpaina

KEHC-METOJI IK TEXHOJIOI'IS 3ABE3INEYEHHS SIKOCTI BHUIIOI OCBITH
O] YAC AUCTAHIIMHOIO HABYAHHS 3 BHUKOPHUCTAHHSM 3ACOBIB IKT:
JOCBII POBOTHU

CyuacHi cOLIaJTbHO-EKOJIOTIUHI Ta COLIAJIBHO-MOMITHYHI BUKJIUKUA AUKTYIOTH YIPOBAKEHHS
KOMIUIEKCY 1H(hOpMAIiiTHO-KOMYHIKAIIMHUX (IU(PPOBUX) TEXHOJOTIM B OpraHi3aiilo OCBITHHOTO
mporecy. Lle mae MOXIHMBICTH peaiizyBaTd MPOIEC AMCTAHIIMHOTO HABYaHHS B 3aKJaJaxX OCBITH B
YMOBaX MPUPOIHOI Ta TEXHOTEHHO1 HeBU3HAUeHOCTI. OpraHi3allis OCBITHROTO MPOIECY CIPSIMOBaHA HE
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JMIIE HAa 3aCBOEHHS OKPEMHX OJIOKIB TEOPETHYHHMX BiIOMOCTEH, a i Ha BMIHHS CTY/ICHTIB CAMOCTIIHO
MpUHAMaTH PIIICHHS Ta TIATH B PI3HOMAHITHUX CHUTYAIlisX, TPAKTUYHO BUKOPHUCTOBYIOUM HAKOMTWYEHI
3HaHHSA. [ TOCSATHEHHS TaKMX Pe3yJbTaTiB HEOOXiAHO 3aCTOCOBYBATH HOBI IIJXOIU O OpraHizarii
OCBITHBOTO TIPOIIECY, OPIEHTYIOYHCh Ha OCOOMCTICHO-IpOo(deciiHy I1HAMBITYAIbHICTh KOMXHOTO
CTYICHTA, CIIUPAIOYUCH Ha TU(EPEHIIHO-KpEaTUBHUN MiX1]l y MPOIEeCci HaBYaHHS, BUKOPUCTOBYIOUH
BapiaTUBHICTh IHTEPAKTHUBHUX (opM 1 METOAiB HaB4YaHHSA. Takud WiAXiA HE TUIBKH ITiJIBHIILYE
BIPOT/IHICTh 3aCBOEHHS 3HaHb, ajie¢ W JIO3BOJIAE BUUTH 3a X MeXi y cdepi pO3BUTKY aHATITUIHHUX
3Mi0HOCTEH 1 CaMOCBIZIOMOCTI CTYAEHTIB, KOMYHIKaTUBHHMX 1 JIIJEPCHKHUX SKOCTEH, (hopmyBaHHS
3aTHOCTI MPUHMATH PILICHHS B YMOBAaX HEBU3HAUYEHOCTI.

VY 11bOMy KOHTEKCTI BapTO PO3MISHYTH MPOOJIEeMy BUKOPHUCTAHHS Kelc-MeTony y mpodeciitHii
MiATOTOBII 3 aKIEHTOM Ha CYTHOCTI KeWC-METO/Y SIK IHTEpaKTUBHOTO METOAY HaBYaHHS Ta AK (HOpMH
opraHizarii HaBYJIbHO-II3HABAJILHOI JISUTBHOCTI CTYIEHTIB; $K TEAaroriuHoi TEXHOJIOTii, 1o
BUKOPHCTOBYETHCS y Tpolieci MpodeciitHol MiArOTOBKY; MPO MOTEHINal KeHC-METOAy SIK MOTY>KHOTO
IHCTPYMEHTY IHT€PAaKTHBHOI, OCOOMCTICHO-OPIEHTOBAHOI CTparerii HaBYaHHS CTYJAEHTIB, CIIPIMOBAHOT
Ha PpPO3BUTOK IXHHOIO KPUTHYHOTO MHCIIEHHS, KOMYHIKATUBHUX HABHYOK Ta HAaBHYOK
MI>)KOCOOHMCTICHOTO CITUTKYBaHHS.

HalinoTyXHIlmMMu € KeWcH, 110 Aal0Th 3MOTY OTPHUMATH HU3KY OOIPYHTOBAaHUX OIHOK, IO
MPU3BOAUTL JO 3MIHHHMX, aJié OJIHAKOBO TMpPaBIOMOMIOHMX 1 TIEpPEeBIpEHUX BHCHOBKIB. Takoxk
epeKkTUBHUM 3aco00M MpodeciiHOi MIArOTOBKM B CHUCTEMI Oe3NmepepBHOI Ta BIJKPUTOI OCBITH €
BHUKOPUCTAHHS KEWC-TPUTepiB, IO TMPEACTABICHI Yy BUIIAAI HEBUPIIMICHUX YH MPOBOKATHBHUX
npobieM, Mo NOTpPeOyIOTh MOAANBIIMX MOIIYKIB Ta 00roBopeHb. OcoOMUBY yBary MpHIUICHO
pO3pOOJICHHIO KEHCIB, CIEMiaJIbHO OPIEHTOBAHMX HAa PO3BUTOK HAYKOBUX HABUYOK CTYICHTIB
(mepepBaHMii KENC).

3MIACHIOETBCS  aHalli3  Pe3yJabTaTiB  BHKOPUCTAHHA  KEHC-METOAy  SK  OIHOTO 3
HAlMEepCHeKTUBHINIMX  IHTEPAaKTUBHUX METOMIB  oOprasizauii mpodeciiHoro HaBYaHHSA IS
3a0€3MeYeHHs SIKOCTI OCBITH IMiJI Yac IWCTAHIIIHOTO HaBYaHHs 3 BUKOpucTaHHAM 3aco0iB IKT Ha
NpUKIaAL podeciitHOl MiArOTOBKY MaiOyTHIX (haxiBLiB CHEIiadbHOI Ta KJIIHIYHOT IICUXOJIOTI].

KarouoBi ciaoBa: keiic-MeTof, SKICTh OCBITH, BHIIA OCBITa, mpodeciiHe HaBYaHHS,
JUCTaHIIITHe HABYaHHS, KOHTPOJb 3HaHBb, 3aco0u IKT
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The article presents a model of introducing a gamification environment into the educational
process for the preparation of future bachelors of informatics. We have analyzed the domestic and
foreign experience in selecting criteria for software and hardware, determined the criteria for selecting
the components of the gamification environment and the indicators of each criterion, selected the
components of the gamification environment, conducted an experimental evaluation of some software
samples according to the defined criteria. The purpose of the article is to design a model of a
gamification environment for training future bachelors of computer science in higher education
institutions. Design, cloud-oriented, content and information and communication criteria were
selected for the selected platforms and their components were outlined. A table of evaluation by
experts was developed and the results were analyzed. A ranking of the received data was also made
and conclusions were drawn based on the evaluation results. According to experts' assessments, the
environment most suitable and least suitable for the selected criteria was determined, as it scored the
highest and lowest number of points. An expert assessment of gamification platforms was conducted,
criteria for selecting such platforms were developed, and indicators of each environment were
outlined. We see the design of other components of the gamification environment, the creation of tasks
using gamification technologies, the analysis of feedback, the development of technological
infrastructure and the creation of methodological recommendations for the implementation and use of
the environment as further perspectives of the research.

Keywords: Digitization, digital educational environment, gamification, gamification
environment, bachelor of computer science

Introduction. The Problem Statement Along with the expansion of information and
communication technologies from the beginning of the 21st century, a significant transformation in the
field of education is coming. Teachers in higher education institutions are moving towards improving
teaching methods and spreading their diversity through the use of digital technologies. The
introduction of advanced technologies made the presentation of material by teachers more convenient,
and the perception and processing of information by students — more effective. In modern conditions,
when informatization of the educational process has become a permanent factor, the use of information
and communication technologies is a necessary component of higher education. These methods play
an important role in the educational process of higher educational institutions, not limited to tools for
solving pedagogical tasks, but provide new opportunities for learning, contribute to the development of
methods and didactics, and also contribute to the creation of new forms of learning. One of the
promising areas of development of modern information technologies is the use of gamification
technologies.

The purpose of the article is to determine the selection criteria for the components of the
gamification environment and conduct an experimental analysis of the selected samples.
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The task of the research is:

1. Analysis of the experience of introducing games into the educational process.

2. Determination of selection criteria for the components of the gamification environment.

3. Selection of components of the gamification environment.

4. Classification of the components of the gamification environment.

5. Experimental evaluation of selected software samples according to defined criteria.

Analysis of recent research and publications.

The issue of using gamification technologies in the field of education of higher educational
institutions is dealt with by:

1. Researchers in the field of education, who specialize in research on the use of
gamification in the educational context, conduct scientific research, analyze the impact of
gamification on learning and development of students in higher education institutions;

2. Teachers at universities study and implement game techniques in their classes and courses.

They explore how gamification can improve learner engagement and motivation to learn;

3. Technology companies and startups that specialize in the development of platforms and
tools that use gamification for educational purposes. They create educational games,
applications and platforms that help students learn through gaming technologies;

4. Educational institutions and organizations that include gamification in their training
programs. They conduct research and experiments on the use of gamification in classrooms
and outside them [12].

The works of V. Bykov, S. Lytvynova, M. Shishkina, A. Milich, K. Simych, M. Mulintovych
and others are devoted to the issue of designing the educational and scientific environment of a higher
education institution. Among scientists, V. Bykov, K. Werbach, K. Larson, Lee Sheldon, E. Corcoran,
O. Chyzhikova, O. Shimanska, I. Sergienko, N. Morse, K. Caperson, J. McGonigal, S. De Bevo,
L.Gallagher and others [3, 4, 5]. Nevertheless, as of today, the problem of creating a gamification
environment for the training of future informatics bachelors is still relevant.

Research methods. To solve the research tasks, the analysis of scientific publications of
domestic and foreign researchers was carried out. The following methods and approaches were used to
conduct the research: analysis of theoretical sources related to the design of the gamification
environment, generalization and systematization of the information obtained from the analysis of
theoretical sources and the use of system analysis methods to understand and analyze the
characteristics and relationships of the gamification environment.

The Presentation of Main Material. The design components of the gamification environment
are the basis for creating the gamification environment and reflect its functionality and structure.
Higher educational institutions need to increase the efficiency of the educational process and involve
students in performing complex tasks. The application of gamification principles can improve student
engagement in active learning and promote new forms of group collaboration. This allows you to
create a stimulating environment where students are involved in the educational process and have the
opportunity to develop cooperation skills and solve tasks with the help of gamification elements. To
design a gamification environment model, it is necessary to take into account several key elements,
including: the goal, the definition of the target audience, the selection of game services and platforms,
creating tasks with gamification elements, progression, feedback, technological infrastructure and
methodological recommendations for the implementation and use of the environment. The following
are defined as elements of the gamification environment:

1. Didactic materials.

Methodological recommendations.
Training courses.

Participants of the educational process.
Teaching aids.

Nk wn
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First of all, it is worth paying attention to the training tools, since gamification tools are used
here. The use of gamification technologies requires special software and hardware. In the following
works, we will talk about the hardware, but the interaction between the student and the teacher is
carried out precisely through the software. O. Spirin, T. Vakalyuk, L. Luparenko, O. Golovnia,
S.Litvynova, R. Blanco, M. Trinidad, M. Jose Suarez-Cabal, A. Calderon, M. Ruiz, Javier Tuya,
M.Jean Cadet and others. [3, 4, 5, 6, 7, 8, 10].

There are many software tools that can be used to create a gamification environment in
educational institutions. Ready-made gamification platforms are software solutions that include tools
and functionality for creating a gamified environment. Among the most famous are: Classcraft,
Kahoot, Breakout EDU, Quizizz and Moodle. There are specialized applications and web services that
allow you to create game tasks, distribute points, reward achievements and track student progress.
Examples include Classcraft, Epic Win, ClassDojo, and Socrative. The use of virtual environments and
games can create an immersive learning environment that combines gamification and learning. For
example, Minecraft Edu, Second Life or games designed specifically for educational purposes. Also,
some learning management systems, such as Moodle, Canvas or Blackboard, have built-in
gamification tools or plugins that allow you to add game elements to the learning process. The next
category of software is custom solutions that are designed for unique needs and allow you to develop
your own software. In addition to software tools, it is also important to consider other components of a
gamified environment, such as tasks, game rules, rewards, communities, and feedback, and choose the
software tool that is best suited to integrate these elements [6].

Here are some specific examples of software that can be used to design a gamified learning
environment:

1. Kahoot: This is an interactive platform for creating quizzes and game tasks. Teachers can create
questions for students to answer using mobile devices, compete against each other and earn points.
2. Minecraft Edu: This is a special version of the Minecraft game designed for educational

purposes. It allows teachers to create virtual learning environments where students can interact,
collaborate and solve problems.

3. Breakout EDU: This is a platform that offers a set of ready-made game scenarios with riddles
and puzzles. Teachers can use these scenarios to create a variety of gamified activities.

4. 3DGameLab: This is an online platform that allows teachers to create gamified courses. It
offers tools for creating quests, rewards and feedback.

5. Quizizz: This is an interactive platform for conducting quizzes and contest games. It offers a
large number of ready-made quizzes, as well as the possibility of creating your own. Students compete
among themselves, receiving points for correct answers [1].

When determining the criteria for selecting software for gamification tools, we focused on
improving the efficiency of students' perception of new information and its systematization. We
analyzed the experience of introducing digital environments into the educational process in Ukrainian
higher education institutions, as well as studied the foreign experience of using gamification tools. As
a result, the following criteria for the selection of software for gamification tools were formulated:
design, cloud-oriented, content, and information and communication [9, 13].

Let's consider in more detail each of the criteria and their evaluation of their indicators by
experts.

The design criterion involves designing the environment and adapting it to the needs of a
specific group and teacher.

The indicator "augmented/virtual reality tasks" involves the ability to create and complete tasks
using augmented and/or virtual reality.

"Availability of a free license" implies the availability of full or partial free access to the
functionality of the platform.

The "authorization" indicator provides for the possibility of authorizing students using a link or
registering independently without an invitation.

The "rights setting" indicator provides access to the class with certain rights set by the teacher.
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The indicator "creating a class" provides the ability to create groups to create specific tasks for
a group of students.

The cloud-oriented criterion implies access from any place and gadget, regardless of place
and time, as well as the presence of not only a desktop version of the platform, but also a web version
and a mobile application.

The indicator "availability of a web version" implies the presence of not only a desktop version
and a mobile application, but also a cloud platform for performing tasks.

"Mobile application" implies the availability of a mobile application for performing tasks from
gadgets on the IOS or Android platform.

The meaningful criterion outlines the extent to which each platform corresponds to the
syllabus of the selected training courses. It reveals to what extent professional competences are
cultivated during the use of this or that platform.

"Formation of professional competences" presupposes the presence of a sufficient level of
education of key competences during the use of this or that platform.

"Formation of general competences" presupposes the presence of a sufficient level of education
of general competences provided for by the educational program during the use of one or another
platform.

"Compliance with the curriculum" implies the completion of all tasks provided for in the
curriculum.

The information and communication criterion assumes the presence of the functionality of
using the platform to introduce gamification into the educational process and the presence of
communication in the web version, desktop or mobile application, communication between the teacher
and students, as well as between the group. Let's consider each indicator in detail.

The indicator "multimedia design" assumes the presence of adding audio and video materials to
the task, with the possibility of editing them in the platform itself by the teacher [8].

"Reports" allows you to view reports on completed tasks and shows the number of attempts to
successfully complete the task.

The "help" indicator characterizes the help section of the platform for performing a certain task.
Intended for teacher filling in methodical instructions [11].

The use of the expert evaluation method for gamification tools of the educational process
consists in the fact that a specific characteristic of the tool is numbered in ascending or descending
order, depending on the presence of an indicator of this characteristic. In total, 5 gamification tools in
the educational process were proposed for evaluation. We have proposed a scoring system for
evaluating the criterion indicator, according to which the highest score is 10 for the highest
manifestation of the criterion indicator, and 1 for the lowest manifestation.

To reduce the probability of coincidences between experts, the proposed platforms are placed in
a random sequence.

The results of the expert survey are presented in Table 1.

Table 1
Expert Kahoot Minecraft edu BreackoutEdu 3DGamelab Quizizz
1 5 3 1 2 4
2 4 3 1 2 5
3 5 2 4 1 3
4 5 4 1 2 3
5 3 1 4 2 5
6 5 1 2 3 4
7 5 1 3 4 2
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The total rating of each platform equals: Kahoot! — 88, MinecraftEdu — 53, BeackoutEdu — 40,
3DGameLab — 52, Quizizz! - 67 points.

S(d*)  12-5(d)

According to the formula for determining concordance ( Swx(d7) Yo7 ) ), where S(d?) —
sum of squares of values, Smax(d?) — the maximum value of the sum of the squares of the values, m2 —
the number of experts, n — the number of evaluated platforms, it is possible to calculate that W =
0.3365. This value is between 0 and 1. If W is approximately equal to 0, then the relationship between
the ranking of experts is very small, while if W approaches 1, then the ranking of experts practically
coincides [2].

Discussion. Since the result we obtained is closer to 0, we can say that expert opinion is quite
subjective. The obtained results indicate the statistical significance of the concordance coefficient w.
The obtained result can be substantiated by different approaches to the implementation of such
platforms in institutions of higher education. We can conclude that Kahoot platforms are the most
suitable! and Quizizz!, as they scored 88 and 67 points, respectively, according to experts. Based on
this, we can say that the BreakoutEDU and 3DGameLab platforms are the least suitable for the criteria
of design, functionality, information and communication, and content. This is due to the fact that these
platforms have poorly developed user rights settings, very limited functionality of the free license, and
only a desktop or web version is available.

Conclusion. Thanks to the design of a digital environment of gamification in the educational
process of training future bachelors of informatics, the applicant has the opportunity to use the game
environment during training and make the training process itself more effective. We conducted an
expert evaluation of gamification platforms, developed criteria for selecting such platforms, and
outlined the indicators of each environment. In our opinion, thanks to the use of such teaching
methods, students will be able to increase their success rate, improve their skills in acquiring new
information, and better systematize the received information. In the future, it is planned to develop a
model for designing a gamified educational environment for training bachelors of computer science
and create a methodical system for its use in training students. During the design of the model, the
goal, task, and needs of introducing the gamification environment into the educational process were
formed.
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Bepoosenbkuii /1., Osexkcrok B.

IncTutyr umdporizauii ocBitn HanionanbHoi akagemii memaroriyHux Hayk YkpaiHu,
Kuis, Ykpaina

EMIIIPUYHA OMLIHKA ITPOBOIo ITPOT'PAMHOI'O 3ABE3INEYEHHS
TEUMI®IKAIIMHOTO  CEPEJOBUIINA JJ HIAIOTOBKH  MAHBYTHIX
BAKAJIABPIB IHOOPMATUKHN

VY crarTi npeAcTaBIeHO MOAETb YIPOBAKEHHS CepeoBHUIIa TeiMidikallii B OCBITHIN mporec
JUIs. MATOTOBKM MailOyTHIX OakanaBpiB iHGopMmaTtuku. [IpoaHanizoBaHO BITYM3HSHUMN Ta 3apyOlKHUN
JI0CBiJT BHOOpY KpHUTEpIiB NpPOrpaMHO-TEXHIYHOrO 3a0€3MEUYEHHs, BU3HAUEHO KpuTepii BiIOOpYy
KOMITOHEHTIB cepeloBUlla reiMidikaiii Ta NOKa3HUKU KOXKHOTO KPHUTEPII0, B1IIOPAaHO KOMIOHEHTHU
cepenoBuina reimigikanii, TPOBEIEHO EKCIEPUMEHTAIbHY OLIHKY OKPEMHUX 3pa3KiB MPOrpaMHOro
3a0e3nedyeHHsl BIANOBIIHO A0 BU3HAYEHUX KpUTepiiB. MeToro cTarTi € po3poOKa MOeli CepeoBHILA
reiimi¢ikanii A7 MiIroToBKM MaiOyTHIX OakanaBpiB 1HGOPMATHKHU y 3akjiajax BUINOI ocBiTH. J{is
obpanux  miarpopm  Oyno oOpaHo  nau3aiiH, XMapOOPIEHTOBAHICTb, KOHTEHT  Ta
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iHpOpMaLliHHO-KOMYHIKAIliiHI KpUTepii W OKpeciIeHo iX KOMIOHEHTH. Po3pobneHo Tabmuio
OLIIHIOBaHHS €KCIIEpTaMH Ta MPOAHATI30BaHO Pe3yJbTaTH. TakoK MPOBEICHO paHKyBaHHS OTPUMAHUX
JaHUX Ta 3p00JICHO BUCHOBKH 3a Pe3yJIbTaTaMH OIIHIOBAaHHS. 3a OI[iIHKaMHU EKCIEpPTiB OyJI0 BU3HAYEHO
CEpE/IOBHINE, SKE HAMOUIBII Ta HaWMEHIN BiIMOBITHE OOpaHUM KPHUTEPISM, OCKUIBKH BOHO HaOpaso
HaiOIpIly Ta HaMEHNIy KiIbKICTh OamiB. IIpoBeneHo ekcHepTHy OLIHKY TeiMidikariitHux
matdopM, po3poOICHO KpHUTepii BimOOpPYy TakuX IUIaTGopM, OKPECICHO IMOKa3HUKH KOXKHOTO
cepenoBuina. [logampmmMu MEpCHEKTUBAMU JTOCHIIKEHHS MH BOAUa€EMO TPOEKTYBAHHS IHIIMX
KOMIIOHEHTIB CepeloBUIa Tekmidikaiii, CTBOPEHHS 3aBAaHb 13 BHUKOPUCTAHHAM TEXHOJIOTIH
reiimigikarii, aHami3 3BOPOTHOTO 3B 53Ky, PO3BUTOK TEXHOJOTIYHOI iH(YPACTPYKTypH Ta CTBOPEHHS
METOINYHUX PEKOMEH/IAIIIH MIOI0 BIPOBAKEHHS T4 BAKOPUCTAHHS CEPEIOBHUIIIA.

Kurouosi cioBa: mudposizanis, nuppoBe OCBITHE cepeloBHIE, reiMidikallis, ceperoBHILE
reimigikarrii, 6akanaBp iHHOPMATUKH
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Y cmammi 3anpononosano Hosuil nioxio 00 aumanizy OAHUX 3a OONOMO20H OIKIACMEPHO20
amanizy, AKUll Cymmeeo 8i0pi3HAEmbCs 8I0 mpaouyitinoi xkracmepusayii. [Ipoananizoeano nasewi
HAYKOBI npayi, y SKUX CXAPAKMePUu308aHo Memoo OIKIACMepHO20 AHAli3y ma 0COONUBOCMI 11020
3acmocysants. Aemopu 30cepeodrcyiomvcs Ha GUABIIEHHI KOEPEHMHUX NIOMHONCUH Y CKIAOHUX OQHUX,
WO BUX00AMb 3a MedCi 36UUALIHUX OAHUX, HANPUKIAO, excnpecii cenie. OCHOBHY y8acy npuodileHo
00CNiONCeHHIO, AK OIKAACMEPHULl AHANI3 MOXdCe GUAGNAMU NPUXOBAHI 38 A3KU Y OAHUX, WO YACMO
3ANUMAIOMbCS HENOMIYeHUMU NpU BUKOPUCMAHHI mpaoduyitinux memoodie. Cghopmosarno kpumepii
saKkocmi Oikiacmepuzayii 0aHux excnpecii 2eHi@ ma OYiHeHO egheKMUHICMb SHYMPIWHIX Kpumepiig
Aemopu OdemanbHO posenadarome AKiCmMb Oikiacmepis, SUKOPUCHOBYIOUU CePeOHbOK8AOPAMUYHY
nomunxky (MSE) ma e3aemny ingopmayito, 3abe3neuyiouu 8 makuili cnoci6 0ocmogipricms ma
00 ’ekmusHicmb  pesynvmamis. Ocobausicmov OIKIACMEPHO20 AHANIZY NONA2AE Y U020 30AMHOCI
suseIaAmuU OiKiacmepu pizHUX po3Mipie ma Gopm, wo € adciueum Oas PO3YMIHHS CKIAOHUX md
HeoOHOPIOHUX danuXx. L]e 0036015€ He MinbKU GUOLIAMU IOKANbHI UADIOHU 8 NIOMHONCUHAX OAHUX, ale
U poskpueamu Oinbul CKIAOHI 63a€M038’a3ku. Cmamms maKoxdc axKyenmye Ha ONnmumizayii
einepnapamempis i 6UKOPUCMAHHI Kpumepiig AKocmi 0151 00CACHEeHHs HAUOLIbUW MOYHUX Pe3)TbInamie.
Mema Oocniddcenns nonseae He minvKu 6 i0eHmMu@ikayii KoepeHmHUx NIOMHONICUH OaHux, aie i y
2MUOWOMY  PO3YMIHHI  CIMPYKMYPHUX — 0cOOIuBocmel 1 63A€EMO36 53Ki6,  BIOKPUMUX — 3A80SKU
oixnacmepromy auanizy. Lla poboma 6iokpueac Ho8i nepcnekmusu O AHANI3Y CKIAOHUX OAHUX,
nponouyouu 0inbws 2iuboke po3yminHsa ix cmpykmypu ma ounamixu. Ocobnueo yiHHUM € 30amHicMb
Memooy GuAGNAMU NepemuHui OiKiacmepu, WO CHPUAE BUABNIEHHIO CKAAOMIWUX 1 2AUOUUX
3anexcHocmett y OAHUX.

Kniouoei cnosa: dixnacmepnuil ananis, wmyyHi 6ikiacmepu, kpumepii axocmi Oikiacmepusayii,
83a€MHA IHopmayis, cepeonboK8AOPAMUYHA NOMUTIKA

1. Beryn

IHoctanoBka npodiaemu. CydacHuil aHami3 JaHUX HaOyBa€ HOBHUX TOPHU3OHTIB 13
BUKOPHUCTAaHHSIM METOJIIB OIKJIaCTepHOrO aHali3y, sIKi MPUHIMIIOBO BIAPI3HSIOTHCS B TPaaAULIMHOT
Kjactepusauii. Y TpaauuiiHii KjaacTepusallii OCHOBHY YBary 30C€pePK€HO Ha IpyITyBaHHI 00’ €KTiB
(pankiB abo CTOBMIIIB) HA OCHOBI iX MOAIOHOCTI, HEXTYIOUH MOXKJIMBOIO Ba)UIMBICTIO B3a€MOJINA MIXK
pi3HUMH ocsiMH JaHuX. HartomicTh OiKJacTepHM aHali3 J03BOJISIE OAHOYACHO TPYITYBATH SIK PSJIKH,
TaK 1 CTOBIII, BUAULSIIOYN B3aEMHO KOPEITHOBAHI MIIMHOKHHH JAHUX, 110 € HAI3BUYAHHO BAKIIMBUM
JUISL aHAJIi3y CKIIAJHUX JaHUX.

[onoBHOIO METOIO HAIIOTO JOCTIKEHHS € PO3poOKa METOAMK OIKJIacTepHOTO aHamTi3y,
CIPSMOBAHUX Ha BHUSBJICHHS KOEPEHTHUX MIJIMHOXHMH Yy CKJIQJHUX JIaHUX, aJbTEPHATUBHUX [0
KJIACHYHMUX JIaHUX eKcIpecii reHiB. Mu mparHemMo JOCHIOUTH, SKUM YWHOM pI3HI MIIAXOAU 0
OixsiacTepu3anii MOXyTh BUSBUTHU MPUXOBaHI 3B A3KH y JAHUX, SIKI MOXKYTh OyTH HEOUEBUIHUMHU TPU
BUKOPUCTaHHI TpajAuLIHHUX MeToAiB. OcoONuBYy yBary M MpHUILISEMO OLIHII SKOCTI OiKIacTepiB 3a
JIOTIOMOTOI0  cepeanbokBaiparnyHoi nomMuwiku (MSE) ta B3aemHuoi iHdopmarii, mob6 3ade3neuntu
JIOCTOBIPHICTh Ta 00’ €KTUBHICTh OTPUMAHUX PE3YJIbTATIB.
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biknacTepHuii aHami3 BIIKpUBAa€ MOXIIMBOCTI [UIS JETAJbHOTO PO3YMIHHS CTPYKTYPHHX
ocobmuBocTel manux. Lleid MeTon A03BOJISE HE TIIBKU BUIUIATH JOKAJIbHI MIA0J0HU B MIAMHOXKHHAX
JaHUX, ajie i PO3KpUBA€E PI3HOMAHITHI B3a€EMO3B’SI3KM MK PI3HUMH KOMIOHEHTaMHu JaHuX. OmHi€ero 3
KJIFOYOBUX OCOOIMBOCTEH OIKJIIACTEpPHOTO aHaJli3y € HOro 3/aTHICTh BUSBIATH OIKJIACTEPU Pi3HUX
po3mipiB Ta Gopm, IO € OCOOTUBO BAKIMBUM I PO3YMIHHS CKJIAJHUX Ta HEOTHOPITHHUX JAHUX.
Kpim Toro, Oikiactepu MOXYTh MEPETUHATHUCS, JO3BOJSIOUN OAHOMY PSJIKY YU CTOBIIIO BXOIUTH IO
JEKITBKOX OIKJIacTepiB OJHOYACHO, MO BIAKPHUBAE IIISX JJI BUSBICHHS OUTBII CKJIATHUX 1 TTUOOKHX
3aJIeKHOCTEN y TaHUX.

VY KOHTEKCTI IIbOTO JOCHIDKEHHS MU IUIAHYEMO JETaJbHO BHUBYMTH Ta BHU3HAUUTH Kpamii
MPAKTUKH Ta METOAM OIKJIACTEPHOTO aHali3y, 30CEepPEAMBIINCh HA ONTUMI3AIlli TimeprapaMeTpiB i
BUKOPHUCTAHHI KPUTEPIiB SIKOCTI A 3a0e3NeYeHHs HAIIIHOCTI Ta TOYHOCTI OTPUMAHUX PE3yJIbTaTiB.
Hama merta monsrae He nuiie B iAeHTH(IKAMIT KOEPSHTHUX MIAMHOXUH JaHUX, aje ¥ y IIHOImomMy
PO3YMiHHI B3a€MO3B’S3KiB 1 CTPYKTYpHHUX OCOOIHMBOCTEMH, 110 BiAKPUBAIOTHCS 3aBASKU OIKIaCTEPHOMY
aHayi3zy.

AHaJIi3 cyyacHUX JiTepaTypHHUX JzKepes. 3aCTOCYBaHHIO OIKJIACTEPHOTO aHaTi3y Al 00poOKU
CKJIQJTHUX JTAHWX Y HAIll 9ac MPUCBAYEHO BEJIMKY KUIbKICTh HAyKOBHX Mpallb. Tak, y [1] mpeacraBinero
OIVIsiI METAaeBPUCTHMYHHMX IIAXOMIB 70 BHUpIMIEHHA MpobieMm Oikiacrepusanii, sSKi e(eKTUBHO
BHPIIIYIOTh CKJIaJHI ONTHUMI3aIliiiHI 3aBIaHHS B OOMEKEHUI Yac OOYUCIICHB 1 aJJanTyIOThCS J0 PI3HUX
¢dopmynoBanb mpobieM. OcoOnuBy yBary NPUAUICHO ONTHUMI3AaliMHUM METoJaM 1 KIIIOUOBUM
eJIeMEeHTaM TIOIIYKY: MPeACTaBICHHIO, IUThOBIM (QPYHKIIT Ta oneparopaM Bapialliid, 3 JUCKYCIEI OTHO-
Ta 0araroriIbOBUX MiTXOMIB 1 BUCBITJIECHHSM HOBUX HAMpPSMIB IOCTIKEHb. Y [2] HOCTIIKY€EThCS
MpUXOBaHa OJIOKOBAa CTPYKTypa B T€TEPOreHHIM MO MaHeIbHUX JaHUX, BUXOAAYU 3 MPHUITYLICHHS,
10 KoedillieHTH perpecii MaroTh TPYNOBI CTPYKTYpHU Cepell IHAMBINIB Ta CTPYKTYpHI 3MiHHM Y 4aci, e
TOYKH 3MIHM MOXYTh BIUIMBATH Ha TPYIOBI CTPYKTYPH, & CTPYKTYPHI 3MIHH MOXYTh BapiFOBaTUCS MIXK
niarpynamu. Jis BiIHOBIEHHS HPUXOBAHOI OJIOKOBOi CTPYKTYpPH aBTOPU MPOINOHYIOTh POOAcTHUI
OlKJTacTepHUH MIIX1M, SKUH BUKOPUCTOBYE M-OIIHIOBAaHHS Ta YBITHYTI mTpadu 00’ €THAHHS, a TaKOX
PO3POOISAIOTH aNTOPUTM Ha OCHOBI JIOKAJIBHOT KBaAPATHYHOI apOKCUMAIIIT ISl ONTHMI3aIliil [MUTHOBOL
GdbyHKII{, KU € OUTBII KOMIIAKTHUM Ta €(PEKTUBHUM MOPIBHSAHO 3 anroputMoM ADMM. Kpiwm Toro,
BCTAQHOBJICHO OpPAaKyJbHY BJIACTUBICTh Ui WTpadoBaHUX M-OLIHIOBAaYiB 1 [JOBEJCHO, IO
3aMpONOHOBAHMI OIIHIOBAY 13 BUCOKOK MMOBIPHICTIO BITHOBIIIOE MPUXOBaHY OJIOKOBY CTPYKTYPY, IO
TAKOK MIATBEPIKYETHCS TOOPUMH pe3ylbTaTaMH Ha MPaKTHIl 32 JONOMOTOI CHUMYISLIHHUX
JOCJTIDKEHb Ha KUIBKOX Ha0Opax JaHUX.

VY [3] nns mokpaimieHHs SIKOCTI OikiacTepu3alii Ta BWJIyYEHHS MOAYJIB BHUKOPHCTOBYETHCS
KOMOIHaIlisi METONiB, 3aCHOBAaHMX Ha Teopii amantuBHOro pe3oHancy (ART), — Oikmacrepusaris
ARTMAP (BARTMAP) ta tononoriuauii ART (TopoART), mo pazom ¢popmytots TopoBARTMAP,
SKUW YCIAJIKOBY€ 3[aTHICTh BHSBJSTH TOIOJIOTIYHI acolliamii mija 4ac 3MEHIICHHS O0CATY JaHUuX.
Meton TopoBARTMAP 6yB mpotecroBanuii Ha 35 peajgbHUX HaOOpax JaHUX IO pak i MOPiBHAHUH 3
IHIMMH MeToaamu (O1)kiacTepu3aliii, MOKa3aBUIM CTATUCTUYHO 3HAYHE MOKpAILICHHS IMOPIBHSIHO 3
IHIIMMHU OIL[IHEHHMMHU METOJaMH B €KCIEpUMEHTax 3 yINOPSIKOBAaHHUMH Ta MEPEeMIlIaHUMHU JAHUMH, a
TaKOXX TPOJEMOHCTPYBAaB Kpallll pe3ylbTaTd Mpu iJeHTHdikauii OikjgacTepiB  MOCTIHHOrO,
MaciTabHOro, 3MIIIEHOTO Ta 3MILIEHOI0 MACIITA0HOTO THIIB Y €KCIIepUMEHTax 3 12 CHHTeTUYHUMHU
Habopamu naHuXx. ['padivne mpencraBieHHs 0yi0 yIO0CKOHAIEHO /IS B1IOOPaKeHHS acoIlialiii TeHHUX
6ixsactepiB 1 ouineHo Ha Habopi nanux NCBI GSE89116, mio mictuts piBHi excrpecii 39,326 30H1iB,
BimiOpaHux mpotsarom 38 crocTepekeHb. Y [4] 3amponoHOBaHO HOBUM aJITOPUTM OiKJIacTepu3alii s
OiHapHMX [aHUX, Ha3BaHWUU Ausroput™m binapHoi bixnmactepuzanii Ha OcHoBi Marpumi PizHunp
Cymiknocti (AMBB), sxuii nokpaiiye 6anaHc M’k YaCOM BHUKOHAHHS Ta €(EKTUBHICTIO. AJITOPUTM
AMBB 0yaye MaTpuiio CYMDKHOCTI Ha OCHOBI 3HAa4eHb pPI3HUI CYMDKHOCTI, a OTpHUMaHy
MiIMaTPUIIO, SKa OHOBIIOETHCS 3a JIOMOMOTOI MATPHUINl PI3HUIb CYMDKHOCTI, Ha3WBaIOTh
OiKJIacTepoM, IO JO3BOJsSIE TPYIyBaTH TEHH, SKI MPOSABISAIOTH CXOXKI peakiii B pI3HUX YMOBax,
BOXJIMBUX JUIS TTONANBIIOTO aHAJi3y TeHIB, a eKCIIEPUMEHTH Ha CHHTCTUYHHX Ta peajbHUX Habopax
JAHUX Bi3yaJbHO JIEMOHCTPYIOTh BUCOKY NMPAKTHUHICTh anroputMmy AMBB.
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YpaxoByrouu MeBHI JOCSITHEHHS y cdepi OiKIacTepHOro aHamizy Juisi 00poOKH CKIIATHUX JaHHX,
ICHYIOTh HEBHUpIIIEHI TpoOJIeMH, 1O SKHX MOXHA BITHECTH BIJICYTHICTh €()DEKTUBHUX METOIIB
ONTUMI3alil TinepnapaMerpiB BiAMOBIAHOTO anroputmy. Lle 0cobn1mMBO akTyalbHO B KOHTEKCTI HOBHX
MiTXOMIB, TaKUX SK KOMOIHAIlis METOJIB Ha OCHOBI Teopii aJanTUBHOTO PE30HAHCY IS
OixyacTepu3allii, 10 BUMAraroTb TOYHOTO HaJAIITYBaHHS TirneprapaMmerpiB Ais e(heKTUBHOI pOOOTH.
Takox BHOKpeMJIeHO MpoOieMy OaJlaHCYBaHHS MK 4acOM BHKOHAHHS Ta €(EKTUBHICTIO aJITOPUTMIB,
0COOJHMBO B CUTYyalifx 3 OiIHAPHUMU JTAaHUMH, /i€ TOTpiOHa po3poOKa HOBUX CTpATETii ONTHUMI3allii, 10
3a0e3medars MIBUIKY Ta TOYHY 0OpOOKY JTaHUX.

2. @opMyBaHHS KPHUTEPIiB AKOCTI OikjIacTepu3aiii JaHUX eKCIpecii reHis

VY 3aranbHOMY BHIIQJKY, KpPHUTEpii OI[IHKM $KOCTI OIKJIIACTEPHOi CTPYKTYpH MOXKYTh OyTH
PO3iICH] Ha TPU TPYIIH:

1. Buympiwmni xkpumepii. 1li xputepii HO3BOJISIIOTH OLIHUTH OKpeMi OiKIacTepu y KIIACTEpHI
CTPYKTypi ©0e3 iX TMOpiBHSHHS 3 eTaJOHHUMHU Oikiactepamu, (OPMYBAaHHS SKUX Y BHUIAAKY
3aCTOCYBaHHS JIaHUX eKcmpecii TreHiB € mnpoOneMarnyHuM. HaiOunbmn — po3noBCIOMKEHUMU
BHYTPIITHIMU KPUTEPISIMH MOKHA BBa)KATH HACTYITHI METPUKHU:

oCepenuiii kBaapatnmunuii 3anumok (Mean Squared Residue — MSR) [5, 6]. Buwmiproe
KOEpPEHTHICTh OikjacTepa abo CTYIiHb Y3TOIKEHOCTI UM OTHOPITHOCTI 3HAYeHb BCepeArHI OlKacTepa.
B imeanpHOMYy BumManKy, OikjlacTep MOBHHEH MICTUTH YK€ CXOXI 3HaYCHHS, 5IKi (POPMYIOTH MeBHUI
mabnoH abo crpykrypy. Lls omHOpigHICTH MoXke OyTH BH3Hau€Ha SIK CTaliCTh, aJUTUBHICTH a00
MHOYKHUKOBa OIHOPIIHICTh. KOHCTaHTHA KOCPEHTHICTHh TNepeadadae, Mo BCi 3HAYCHHS y OiKiacTepi €
NpUOIU3HO OJHAKOBUMHM. [IpM aJWTHBHIN KOEPEHTHOCTI PI3HHUINI MK 3HAUCHHSAMH B PsJIKaX YH
CTOBMISIX € MPUOIM3HO OIHAKOBUMH. MHOKHUKOBA KOCPEHTHICTH Mepeadadae, o 3HaYeHHS B PsIIKaxX
YK/Ta CTOBMISX € MPUOJIM3HO OJJHAKOBUMH ITiCIIsi MHOXKCHHSI Ha TICBHHMI MHOKHUK. J[71s1 Oikiactepa 3 [
psAKiB i J cToBOIIB opmyra po3paxyHky MSR kputepist Mae BUTIISA:

1 P (M
MSR = > (x,,—x,—x,+x)
o |I|_><|]| ejg Nyt

Je: X, — CJIEMCHT ManI/ILIi; X, X Tax — Cepe,[[Hi 3HAYCHHA pAOKa I CTOBHI_ISIj Ta 3arajJbHUH CepeI[Hiﬁ
ij toJ

MOKa3HUK OiKJIacTepa BiIOBITHO.

Menie 3HaueHHs kputepid (1) cBiTYUTH o MiJBUILEHY KOEPEHTHICTH OiKiacTepa.

000’em (Volume). Po3paxoByeTbes sk JOOYTOK KITBKOCTI PSIIKIB Ta CTOBMINB. bijbllie 3HaYeHHS
IIOTO KPUTEPis BKA3yIO Ha Te, 10 OiKIacTep BioOpaxae OUIBII 3arajibHy CTPYKTYPY JaHHX.

eBapiabenbHicts (Variability). Bumipioe po3kua uum BapiaOeslbHICTh 3HAYEHb YCEPEIHHI
OikyacTepa 1 Moxe OyTH po3paxOBaHUM 32 KIACHYHOI (POPMYJIOI PO3PAXYHKY JUCTIEPCIi:

2
L —
V = ¥ o(x. —x ()
x|y ij
i€ljeJ
MeH1e 3HaueHHs BapiabenbHOCTI 3a3BUYail BKa3zye Ha OUIbII CTilikuil malnoH y OikiacTepi.
o3p’s3HicTh (Connectivity). Bumipioe KUTbKICTh 3B’S3KiB a00 BITHOCHH MIXK €JIEMEHTaMHU Y
OixsacTepi 1 Moxke OyTH po3paxoBaHa 3a GOPMYJIOIO:

KinbkicTb 3B 513KiB Mk efleMeHTaMu y GikJacTepi (3)

Connectlvlty = MaxkcuMaJibHa MOXKJIMBA KiJIbKICTh 3B'SI3KiB

Crin 3a3Ha4MTH, 10 PO3PAXYHOK 3HAYEHHS LIOTO KPUTEPid Mependadae peKOHCTPYKIIO TeHHOT
PeryisITOpHOI MEpeXi Ha TMOMEePEIHLOMY KPOIIl MIISTXOM 3aCTOCYBaHHS BIAMOBIIHOTO aJITOPUTMY, ITPH
BOMY OJHMM 13 KJIIOYOBHX TileprapaMeTpiB € KOCQIIEHT TPEHIONIIHTY, 3HAUCHHs SKOTO CYTTEBO
BIUIMBA€ Ha KUIBKICTh peaibHUX 3B’SI3KIB MiXK elleMeHTaMmu Oikiacrepa. [Ipu mipoMy BuIla 3B’ SI3HICTH
BKa3y€ Ha CUJIBbHIIII BiHOIIEHHS MIXK eleMeHTaMu y OiksiacTepi.

oCrilikicth (Robustness). OIiHOe, HACKUIBKM CTIMKUMH 3alIMIIAIOTHCS OIKJIACTEpH IPHU
HEe3HAYHMX 3MiHAX Yy BXITHUX JaHUX, HAPHUKJIA, IPH JOaBaHHI rayCiBCHKOTO “O17I0T0” mIyMmy.

2. 3oeniwni kpumepii. 30BHIIIHI KpUTepli SKOCTI Oikimactepu3allii 0a3yrThCs Ha MOPIBHIHHI
pe3ynbTatiB  OikiacTepu3allii 3 MEBHHM CTAaHJAPTOM a00 30BHINIHBOK ETAIOHHOKI CTPYKTYPOIO.
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3a3BuYail Taki KpUTEpii BUKOPUCTOBYIOTHCS B THX BHUIIAJKaX, KOJU JOCTYITHI JOJATKOBI (30BHIIIIHI)
JaHl TMpO  CTPYKTypy JaHux abo Tmpo chpaBkHid posmonin  OiknactepiB.  HaiGimbimn
PO3MOBCIOKYBAaHIMHU Ha ILIeH Yac 30BHILIHIMHM KPHUTEPissMH sIKOCTi Oiknactepusanii € Innexc Panmy
(Rand Index — RI) ta Ingekc XKakkapa (Jaccard Index — JI).

o Rand Index. BuzHadae moniOHICTh MIXK JIBOMa OiKIacTepU3allisiMU 1 3aCHOBaHUIN Ha MOXHOKax

NepIoro Ta Apyroro poay [7]:
TP+TN

Rl = o rrNTen 4)

ne: TP — KiJbKICTh nap 00’ €KTiB, MPaBUIBHO BiIHECEHHUX JI0 OAHOrO Oiknactepa; TN — KiJIBKICTh Hap
00’€KTIB, MPAaBUILHO BIJIHECEHUX J0 PI3HUX OiknacrepiB; F'P — KUIbKICTh Map 00’ €KTIB, TOMUIKOBO
BiTHECEHUX N0 oAHOro Oikmactepa; FN — KUIBKICTH map 00 €KTIB, SKI MOMHUIKOBO BBaXKAIOTHCS
HaJEKHUMU J0 Pi3HUX O1KIIacTepiB.

eJaccard Index. Po3paxoByeTbcs sIK BiIHOLICHHS CHUIBHUX OO0 €KTIB y JBOX OikiacTepax a0

3arajibHO1 KUJIBKOCTI 00’ €KTiB y Oikiactepax (ix 00’ eqHanus) [8]:
B1nB2

JI'= 1587 (5)
ne B1 1 B2 — nBa Giknacrepa.
3a HasgBHOCTI KIJILKOCTI OikJlacTepiB y OikiacTepu3alisx OubIIoi 3a 2 1 3a BiACYTHOCTI IEPETHHY
MK Oikiactepamu opmyiia po3paxyHKy iHaAeKcy JKakkapa HaOyBae BUIIISITY:
"2 B (BC1)NB (BC2) (6)
B (BC1)UB (BC2)

n
1i=1j=1

ae:n, Tan, — KUIBKICTH OikiactepiB y Oiknactepusauisx BC1 i BC2 BianoBiaHo.

3a HasSBHOCTI MepeTuHy Mix Oikmactepamu popmysa (6) YTOUHIOETHCS TaK:
J1 (BC1, BC2) = JI(BC1, BC2)

max(JI(BCL,BCL), JI(BC2,BC2)) (7
Cnig 3a3HaudTH, MO0 3a BIICYTHOCTI TepeTuHy Mik Oikimactepamu  dopmyna (7)
TpanchopmyeThest y dopmyny (6), OCKUIbKH 3HAMEHHUK Yy (opmyrmi (7) IOpIBHIOBaTHME OIMHUILIL.
30BHIIIHI KpHUTEpii, HA BIAMIHY BiJ BHYTPIIIHIX, BUMararmTh J0JATKOBOI 1H(OpPMAIIIT 100 CTPYKTYPH
naHux a0o0 MpaBWIBHUN (ETAJOHHMK) PO3MOALT OIKJIAcTepiB, IO Yy BHIAJKy 3aCTOCYBaHHS TaHHUX
eKcIipecii TeHiB, K EKCIEPUMEHTAJbHUX AaHUX, € MpoOIeMaTudyHUM. Y OUIBIIOCTI BUMAIKIB BOHHU
BUKOPHCTOBYIOTBCS JJIS BaJTifalii pi3HUX aJITOPUTMIB OiKJIacTepHu3ariii.

JI(BC1, BC2) = izl
]

corrected

2.1. Buympiwnin kpumepiii akocmi Oiknacmepu3ayii Ha 0CHO8I OYIHKU 63AcMHOT iHopmauii

Ax Oymo 3a3HayeHO BHWIIE, OikiacTepu3allis sBjse coO0K0 MPOIEC OIHOYACHOI KIlacTepu3aril
PAIKIB Ta CTOBMINB MaTPHUIll. ¥ KOHTEKCTI aHaNi3y JaHUX EKCIpecii reHiB, eKCIepUMEHTAaIbHI JaHi
NPE/CTaBJICHI SIK MaTpUIl, A€ PSIKA € TeHHU, a CTOBII — YMOBH IPOBEICHHS EKCIIEPUMEHTY abo
HaBIaKH, 1 3HAYCHHS Y MaTpHIll BiOOpaXKalOTh PiBEHb BUPAXKEHHS I'eHY IiJ NEBHOIO YMOBOIO, TOOTO
Horo ekcrmpeciro. bikimacTtep y 1bOMy BHITaJIKy BHU3HA4Ya€ TMiAMHOXXHHY T€HIB, sIKI MarOTh TOIIOHI
npodim excrpecii B MAMHOXKMHI yMOoB. OmHUM 13 CcHOCOOIB OLIHUTH SKICTh OikiacTepa €
3aCTOCYBaHHS aHajizy B3aeMHOi iH(popmarii (BI) mix psankamu ta ctoBnipgsiMu. Bl Moke BkazyBaTu Ha
TE, HACKUTBbKH 1H(OpMAITisS B PSAAKAX 1 CTOBIIIAX 3aJICKUTH OJHA BiJl OJTHOT, 1 TOMY BellMKe 3HadueHHs Bl
MOXKE€ BKa3yBaTH Ha BHUCOKY KOEPEHTHICTh Oikyactepa. Jlo HaWOLIBII pPO3MOBCIOMKEHUX METOIIB
OLIIHKM B3a€MHOI iH(pOpMaIIii citif BixHecTH Taki [9]:

e B3aemua indopmariis (Mutual Information — MI):

MIX,Y)= % ¥ pxy)log(FE2-) ®
reX yey 14€974€Y)]

ne: X,Y € BeKTopu, MK SKHM 3IIHCHIOETBCS oriHKa BI; p(x, y) — crminpHHIA po3noAiT iMOBIpHOCTEH
XTaY; p(x)ip(y)— mapriHaibHi po3MOIiIA HMOBIPHOCTEIA.

e HopmanizoBaHa B3aeMHa 1H(pOpMaIlisi — BU3HAYAETHCS K BIJHOLICHHS B3a€MHOI 1H(opmarii 10
T€OMETPUYHOIO CEPEIHBOTO EHTPOIIiN IBOX BEKTOPIB:
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NMI(X,Y) = _MIXY)
(X, 7) JHE)H) ©)
ne H(X) ta H(Y) — earpomii BekTopiB X Ta Y BiAMOBIIHO.
eBinnocHa entpomnist abo Kynbbak-Jleitbneposa nuseprenuis [10] — e Mipa BiACTaHi MIX ABOMA
po3MoaiIaMu HIMOBIpHOCTEH:

v (i PO (10)
D PIIQ) = 3 P(Iogg3
ne P(i) — e fimoBipHicTh po3noainy P, a Q(i) — iMOBipHICT po3moainy Q.

Cnin 3a3HaYUTH, 110 LIS BIACTaHb HE € CAMETPUYHOIO, TOOTO D KL(P||Q) +D KL(Q| |P) , TomMy mist

MiABUIICHHS 00 €KTUBHOCTI BapTO OOUYMCIIOBATH JBOCTOPOHHIO JUBEPIeHINIO 3 TOAAIBIIUM
yCEepEeIHEHHSIM JIBOX JUBEPIeHIii:
D (PllQ)+ D, QIIP)
D,,(P.Q) = 2 (11)
B3aemna indopmanist € Mipolo chniibHOI iHGopManii MiX JBOMa BEKTOPaMH BHUIAJIKOBHUX
BEJIMYMH, aJie BOHA caMa 1o co0l1 He € MeTpUKOIo BijicTaHl. TpancopmyBanHs 3HaueHHs Bl y Bincranb
MOXe OyTH 3IiHCHEHO PI3HUMH crocobaMu. Y Meax JUCEepTallifHUX JOCIiIKEHb 3aCTOCOBYETHCS
MeTpHKa Ha ocHOBI1 eHTpomii [llenHona:
dX,Y)=HX)+ H(Y)— 2MI(X,Y)

(12)
ne H(X) ta H(Y) — 3nadyenns enrpomniii lllennona BextopiB X Ta Y Bignosinno, MI(X,Y) — B3aemHa
iHdopmartis Mix BekTopamu X Ta Y. Y 1IbOMYy BUNAJAKY, SKIIO PO3MVISIATH J1BA IACHTUYHUX PO3MOILIN
naanx, 0 H(X) = H(Y)= MI(X,Y) i d(X,Y)= 0. Ilpu 30inblIeHH] PI3HUII MiX PO3MOIiIaAMU
JAHUX 3HAYEHHS B3a€MHOI 1H(OpMaIlli 3MEHIIY€EThCS, 10 MPU3BOAUTH 10 30UIbIIEHHS B1JICTAHI MIXK
[IUMU BEKTOPaMHU.

Po3paxyHOK 3HaueHHs BHYTpIIIHBOTO KpUTEpis /s OLIHKM KOEpEeHTHOCTI OikjacTtepa
nependadae OIHKY CepelHbOI BiACTaHI SK MK psAAKaMU, TaK 1 MDK CTOBMNISAMH OlKiacTepa.
[ToxpokoBa npoueaypa po3paxyHKy IIbOTO KpUTEpis reperdayae HassBHICTh TAKMX KPOKIB:

1. Po3paxyHok cepeHbOi BiJICTaHi MIXk yciMa IapaMu psIKiB OikiacTepa:
5 nrow—1 nrow (13)
QCrow - W Z . Z d(Xi' Xj)
i=1 j=i+1
2. Po3paxyHoKk cepenHbO1 BiJICTaHi MiXk yciMa IapaMu CTOBIILIB OikiacTepa:
ncol—1 ncol
_ 2 (14)
QCcol " ncolx(ncol—1) Z ] 2 d(yi' Yj)
i=1 j=i+1
3. Po3paxyHok cepennporo 3HaueHHs kputepiiB (4.13) 1 (4.14):
QCrow+QCcal
QCc = T (15)

MinimanbHe 3Ha4eHHS Kpurtepis (15) BiamoBizae MaKCHUMalbHOMY PIBHIO KOEPEHTHOCTI
6ixnactepa. [Ipu npomy ciix 3a3HaYUTH, 1O TPU 3aCTOCYBaHHI Oy/b-SKOT0O aIrOPUTMY KiacTepu3aii
70 TaHUX EKCIpecii reHiB, BIAMIHHOIO PHUCOI0 SIKMX € BEIMKHANA OOCAT JaHUX, MOXKJIMBE BUHUKHCHHS
JIOCUTh BEJMKOI KINBKOCTI OIKJIacTepiB 3 HU3BKUM 3HAYCHHSIM KOEPEHTHOCTI, fKi HE JO3BOJIAIOTH
OTHO3HAYHO 17AeHTU(IKYBaTH KJIACc 3pasKiB, IO JOCIIDKYIOThCS. binbinr Toro, apxiTekrypa
OixyacTepu3amii BEJIUKOI0 MIpOI0 BH3HAUAEThCA IapaMeTpamMH BiJIOBITHOTO aJrOPUTMY, IO
BUKOPHCTOBYETBCS JUIi (OPMYBaHHS KIIACTEPHOi CTPYKTYpH. TOMy BHHHUKA€ TaKOX IpoOiema
ONTUMI3aIil MapaMeTpiB aJIrOpUTMy, Ui BUPIMIEHHA $AKOI B MeXaX IOTOYHUX JOCIIIKEHb
BHKOPHUCTOBYETHCS aJITOPUTM onTuMizallii baiieca, 3acTocyBaHHs sIKOTO repeadavyae Taki eTamnu:

Etan 1. BusnaueHHs 1iab0BOi (DyHKITIT.

1.1. Bubip anroputMy Oikiactepusailii, SIKHil MpuiiMae Ha BXiJl 3HAYCHHS IMapaMeTpiB HLIILOBOT
¢yHK1ii. 3aCTOCYBaHHS aJrOPUTMY /10 TaHUX eKcrpecii reHiB. @opMyBaHHS O1KIACTEPHOI CTPYKTYPH.

1.2. Bu0ip 6iknacTepa Ta OIiHKa HOro KOepeHTHOCTI 3a ¢hopmynamu (8) — (15).

Eran II. BuznaueHHs Aiana3oHy 3MiHHM apaMeTpiB.
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2.1. JInst KO)KHOTO IMapaMeTpy BU3HAUCHHS J1aa30Hy BapilOBaHHS HOTO 3HAYCHb.

Etan III. BuGip mozeni Ta 3amyck aaroputMy OonTHUMI3allii.

3.1. BuGip moneni anroputmy onrtumizanii baiieca. ¥ Mexax mociikeHb BUKOPHCTOBYBAJIACs
MOJIEJIb Ha OCHOBI T'ayCiBCHKUX MPOIIECIB.

3.2. 3acrtocyBaHHs anroputMmy onTtumizamii baifeca 3 BuUKOpUCTaHHSIM 0O0paHOi MOAEII.
®opmyBaHHS HallKkpaloi KoMOiHallii rineprnapamMeTpiB 3a COPMOBAHOIO LIITHOBOIO (DYHKIIIETO.

Eran IV. IlepeBipka pesynasraty Ta (OpPMYBaHHS KOMIIPOMICHOTO PIIIEHHS MO0 ONTHUMAIBHOT
KOMO1HaIIi1 TineprnapaMeTpiB.

4.1. 3acToCyBaHHS BHIE3a3HAUEHOI MPOLEAYPHU 10 MEPIINX I’ SATH (KUIbKICTh OiKJIacTepiB MOXKe
BapilOBATHCS y MPOIIECI MOJICITIOBAHHS) OIKJIACTEPIB 13 MOJAAIBIITNM aHAII30M OTPUMAHHMX PE3y/IbTaTIB
i3 Meroro (opMyBaHHS KOMIIPOMICHOTO PIIIEHHS IOJ0 ONTHMAJbHOI KOMOiHaIii mapaMeTpiB
AITOPUTMY.

Etan V. 3acrocyBanHs anropuTmy Oikiactepu3allii 10 MaHUX eKcrpecii reHiB. DopMyBaHHS
OikmacTepHoi cTpykTypH. OIiHKa KOGPEHTHOCTI BUIIJICHUX OiKJIacTepiB Ta (GopMyBaHHS ITiIMHOKHHHI
OiKacTepiB i3 BUCOKUM 3HAYEHHSM KOCPEHTHOCTI JIJIsl OAABIINX JOCTIKEHb.

3. Oninka e(peKTMBHOCTI BHYTPIIIHIX KPUTePiiB siKocTi OikiIacTepu3anii i3 3acTOCyBaHHAM
IITY4YHHUX OiKJacTepiB

Ominka e(eKTHBHOCTI BHYTPIIIHIX KpUTEpiiB sAKoCTI Oikiacrepusauii 3aificHIOBamacs i3
3aCTOCYBaHHSAM IITYYHUX JAHUX, SIKI MICTHJIM II'SITh OJTHAKOBHUX 32 PO3MIPOM KOEPEHTHUX (3 pI3HUM
CTYIIEHEM KOEPEHTHOCTI) OiKjacTepiB, 110 HE MEPETHHAIOTHCS OAMH 3 omHuUM (puc. 1). Sk MoxHa
0auuTH 3 PUCYHKY, CHHTETUYHI JaHl MICTATh IT’ATh OIKJIAacTepiB, sIKI MOXYTh OyTH 1IeHTH(]IKOBaHI
IUIIXOM 3aCTOCYBaHHS BIJIMOBIAHOTO aITrOPUTMY OIKJIACTEepHOTO aHamizy naHux. OnmHak ciifn
3a3HAYMTH, 110 TIOPIBHAHHS OIKJIacTepu3alliii, OTPUMAHUX TPU 3aCTOCYBaHHI AJITOPUTMY
OixyacTepu3anii 13 JOCKOHAIOI OIKJIACTEPU3AIEI0 IUISIXOM PO3PAaxXyHKy BIAMOBIIHUX 30BHILIHIX
KpUTEPIiB AKOCTI OiKJIacTepu3alii y IbOMYy BUIIAAKY HE € 00’ €EKTHBHUM, OCKUTBKH TPU IIbOMY MOJTHBE
BUJIUJICHHSI BEJIMKOI KITBKOCTI Majux OikjacTepiB (pe3ylbTaTd MOJIETIOBAHHS II€ IMiATBEPAUIIO), SIKi
MOXYTb CYTTEBO BILUTMHYTH Ha 3HAYCHHS 30BHIIIHBOTO KPUTEPIsl.

Puc. 1. Tennosa kapma po3nooiny 6ikiacmepis y cuHmemudHux OaHux

VYpaxoByloun 3a3Ha4yeHe, OIliHKa e(EeKTUBHOCTI BIJNOBITHMX BHYTPIIIHIX KPUTEPIiB SKOCTI
OlkyacTepu3ailii CHHTETHYHHX JaHMUX, IO TMPEeACTaBIeHl Ha puc. |, 3ailCHIOBanacs MUITXOM
MOPIBHSHHS 3HAau€Hb KpUTEpii, pO3paxOBaHUX Ha II'ATH MEPIIMX OikiacTepax, 31 3HAUYCHHSIMHU IUX
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KpUTEpiiB, po3paxoBaHWX Ha c(hopMOBaHUX OiKjacTepax, MPU I[LOMY PO3PAXOBYBAJIUCS BIIHOCHI

BIJIXWJICHHS 3HAYCHb BIJMOBITHUX KPUTEPIiB:
QCEX _QC er
oc, = ol (16)

rel
perf
ne: QC  — 3Ha4eHHs BiIMOBIIHOTO KpuTepis skocTi Oiknacrepuzanii (MSR a6o MI), o orpumano B
exp

MIPOIIeCi 3aCTOCYBaHHs aJropuTMy OIKJIACTEPHOTO aHamidy A0 HepIux I’atu Oiknactepis; QC ;o
per

3HAYEHHS KPUTEPIiB, pO3paxOBaHUX IS TOCKOHANO1 OlkiacTepu3allii, o 300paxena Ha puc. 1.

[Tpouiec mMonentoBaHHs 3IIHCHIOBaBCS y mporpamMHoMy cepemoBuii R [11] i3 3actocyBaHHSIM
nakety biclust [12], mo MicTUTh (YHKIIT 3aCTOCYBAaHHs PI3HUX aJITOPUTMIB OIKIACTEPHOTO aHAIi3Yy.
YpaxoByrouu MOCHIKEHHS, IO TpeactaBieHi y [13], y Mekax MOTOYHOTO MOJETIOBAHHS IPOIEC
OikyacTepu3allii 371HCHIOBABCS 13 3aCTOCYBaHHAM alNropuTMy ensemble [14], epexkTUBHICTH SKOTO 3a
pesyapTaTaMud MOJAEIIOBAaHHS, IO mpeactaeieHi y [13], € CyTTeBO BHINOK Yy MOPIBHSIHHAM i3
3aCTOCYBaHHSM IHIIMX aJTOPUTMIB OiKJIacTepHOTO aHami3y. Pe3ynasrar poOoTu anroputmy ensemble
BU3HAYAEThCS JIBOMA MapaMeTpamMu: Koe(dili€eHTOM TPEIIONAiHTY (thr) Ta NpUOIU3HUM BiJHOIICHHSIM
KUIBKOCTI PSIZIKIB Ta CTOBIIIB y Oikimacrepax (simthr). Ilponec MonmentoBaHHS mependadaB 3MiHY
3HaUeHb IMX MapaMeTpiB y 3a37alierigb BU3HAYCHOMY Jiana3oHi 3 MEBHUM KPOKOM i3 PO3paxyHKOM
abcomoTHUX 3HadYeHb kputepiiB MSR ta MI Ta iX BiqHOCHUX 3HaYeHb, BU3HAUCHUX 3a (hopmyroro 16.
Omninka e(peKTUBHOCTI KpUTepiiB BU3HAYasIacs NULIXOM aHali3y 301KHOCTEH MK aOCONIOTHHUMH Ta
B1/IHOCHUMH 3HAYEHHSIMHU.

[TpakTuyHa peamizallis anropuTMy mnependavae Taki eTamnu:

Eran I. HanamryBansas mozaeni.

1.1. Ininianizamist iHTepBaly Ta KPOKY 3MiHM 3Ha4YeHb TileprapamerTpiB thr ta simthr anroputmy
Oiknactepu3aiii ensemble.

1.2. Po3paxynok 3HaueHb kputepiiB MSR Ta MI 3a dopmynamu (1) i (12) ans mockoHanol
OikyacTepu3allii, Ipyu IIbOMY Ha TEPIIOMY €Tarl PO3pPaxOBYBaJMCs 3HAYCHHsI KPUTEPIiB 11T KOXKHOTO
OixyacTepa, a Ha JIpyroMy — (OpMyBalOCs y3arajJbHEHE 3HAYCHHS KOXKHOTO KPHUTEpis SIK CepeHe
apudMeTUYHE BCIX 3HAYCHB BIMOBITHOTO KPUTEPIsl.

Eran II. BuznaueHHst onTUMaIbHOTO 3HAUYCHHS TTapaMeTpy thr.

2.1. @ikcarisi 3HaAUYCHHS TapaMeTpy Simthr, ypaxoByIOUW NpHUOIM3HE BITHONIICHHS PAIKIB Ta
CTOBIMIIIB y OikyiacTepax (MpH MOTOYHOMY MOZETIOBaHHI Lie 3HaYeHHs Oys10 BuOpane Ha piBHi 0.3).

2.2. Ininiamizailis MOYaTKOBOTO 3HAYCHHSI thr TapaMeTpy (thrmin).

2.3. 3actocyBaHHsA alNrOpuUTMy OlKiIacTepusalii ensemble 3 TOTOUHMMH IapaMeTpaMH 10
CUHTCTUYHUX JaHUX.

2.4. Bupainenns ATy mepuimx OIKIAcTEPiB 1 pO3paxyHOK JJisi KOXKHOTO Oikiiactepa piBHS MOTO
KoepeHTHoCTi 3a ¢opmynamu (13) — (15) i3 3acTocyBaHHIM METPUK OIU3BKOCTI Ha ocHOBI MSR Ta MI.
Po3paxyHOK cepeqHbOro 3HaYEHHS KOXKHOTO KpUTEpis SIK cepeaHe apupMeTHUHE 3HaYeHb KPUTEPIiB,
10 PO3paxoBaHi JJIsl KOKHOTO BHALIEHOTO OiKIacTepa.

2.5. Po3paxyHOK BITHOCHOTO KPHUTEPIsl IJisi KOXKHOT METpUKH 3a popmysioro (16).

2.6. SIkmo BUKOHYETBhCS ymoBa thr < thrmax , 301TIBIIIEHHST 3HAYCHHS thr Ha KPOK HOTO 3MIHH

Ta repexia Ha Kpok 2.3 wi€l npoueaypu. Y NpOTUIIEKHOMY BUIIAJIKY, aHAI3 OTPUMaHHUX pe3yiIbTaTiB Ta
(ikcallis ONTUMAIBHOTO 3HAYEHHS thr, 110 BIJNOBIAA€ MIHIMyMaM KpHUTEpIiB SKOCTI OikiIacTepu3alii,
110 BUKOPUCTOBYIOTHCSI.

Eran I11. BusnaueHHsI ONITUMAILHOTO 3HAYCHHS TTapameTpy simthr.

3.1. Imimiamizallis MOYaTKOBOTO 3HAYCHHS Simthr mapameTpy (simthrmin).

3.2. Peaunizanis kpokiB 2.3 — 2.5 wmi€i npoueaypu.
3.3. SIkio BUKOHYETbCS YMOBa Ssimthr < Simthrmax , 30UIbIICHHS 3HAYEHHSA Simthr Ha KPOK
Horo 3MiHU Ta mepexig Ha Kpok 3.2 miel mpoueaypu. Y HNpOTHIEKHOMY BUIAJKY, aHA3 OTPUMaHUX

pe3ynbTaTiB Ta Qikcallis ONTHUMAaIbHOTO 3HAYEHHS Simthr, MO BIANOBIJa€ MiIHIMAIbHUM 3HAUYCHHSIM
KpUTEPIiB SIKOCTI OiKIacTepu3alii.
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Eran I'V. ®opmyBanHs OikjIacTepHOI CTPYKTYPH Ta aHaJli3 OTPUMAHUX PE3yJbTaTiB.

4.1. 3actocyBaHHs anroputMmy Oikjactepusauii ensemble 3 onTUMaTbHUMHU MapaMeTpPaMH 0
CHUHTETHYHUX JaHUX.

4.2. ®opmyBaHHS OIKJIACTEPHOI CTPYKTYPH Ta aHaAJI3 OTPUMAHUX PE3YNbTaTiB.

Ha puc. 2. 300paxkeHO pe3yabTaTH MOAETIOBAHHS IIOMO 3aCTOCYBaHHS BHIIE3a3HAYCHOTO
QITOPUTMY JI0 CHHTETHYHMX JIaHUX JUIsi BHU3HAYEHHS ONTHUMAJIbHOTO 3HAYEHHsI Mapamerpy thr
anroputmy Oiknactepusauii ensemble. AHaini3 OTpUMaHUX PE3yJbTATIB JJO3BOJISLE 3pOOUTH BUCHOBOK,
110 3HAYCHHS BIIHOCHHMX Ta aOCOJIOTHUX KPUTEPIiB SAKOCTI OiKIacTepu3allii 3MiHIOIOTBCS Y3TOHKEHO,
IO CBIAYUTH MpPO aJEKBaTHICTh METpUK Ha ocHoBi MSR i MI mnst ¢opmyBaHHS OikiacTepHOl
cTpykrypu. OnTUManbHe 3HAYEHHS MapaMeTpy thr, MO BiJIMOBIIa€ MiHIMyMaM KpPUTEPiiB, TOPIBHIOE
0.37.

[lomanbuii pe3ynpTaTd MOJETIOBAHHS JO3BOJWIM 3POOUTH BHUCHOBOK, IO JJISi CUHTETUYHHMX
JAHUX 3HA4YCHHS NapameTpy simthr mnpu (GikCOBaHOMY 3HAYEHHI thr HE BIUIMBAE Ha pPE3yJabTaT
Oiknmactepu3anii. Ha puc. 3 300pakeHo pe3ynbraT 3acTOCyBaHHS alropuTMy Oikiactepu3aiii ensemble
3 onTUMaIbHUMU Tlapamerpamu (thr = 0.37, simthr = 0.3) 10 CHHTETUYHHUX JAHHUX, 300paKCHHUX Ha
puc. 1. SIx MoxHa 6a4uTH, KIacTepHa CTPYKTypa MOBHICTIO MOBTOPIOE KJIACTEPHY CTPYKTYpY, LIO
300pakeHa Ha puc. 1. Lleil ¢axt CBiAYUTH NpPO aAEKBATHICTH 3aIPONOHOBAHUX KPUTEPIiB SKOCTI
OikyacTepu3airii.

4. BUCHOBKH

OTtpumaHi y CTarTi pe3yabTaTy AOCITIKEHHS IEMOHCTPYIOTh BaXIIUBICTh OIKJIACTEPHOTO aHAIII3y
B CyYacHOMY aHaJli3l JaHWX, OCOOJHMBO y BUSBIEHHI KOCPEHTHHX IIJIMHOXHH Yy CKJIAJIHUX IaHUX.
[IpencraBnenuii MeTOA 3acTOCYBaHHS OIKJIACTEPHOIO aHaji3y, M0 30CEpePKEHHM Ha ONTHMi3amii
rinepnapaMeTpiB 1 BUKOPUCTAHHI KPHUTEPIiB SKOCTI, TO3BOJMB HaM HE TUIBKHA 1ICHTU(]IKYBaTH
KOEpPEeHTH1 MiIMHOXXMHH, aje i mmOlie 3po3yMiTH CTPYKTYpHI OCOOJIMBOCTI Ta B3a€MO3B’SI3KU B
nanux. OTpumaHi pe3ynbTaTd MOJCTIOBAHHS TMIATBEPAWIN aJCKBAaTHICTh METPUK HA OCHOBI
cepeaHbokBaparnyHoi moMuwiku (MSE) ta B3aemuoi indopmauii (MI) mis popmyBanus GikiaactepHol
CTPYKTYPH, JIe ONTUMaIbHE 3HAaYCHH TTapaMeTpa thr BCTaHOBIIeHO Ha piBHi 0.37.

a) Relative MSR criterion values versus the THR parameter b) MSR criterion values versus the THR parameter
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Puc. 2. Pezynemamu MoOeno8ants w000 U3HAUEHHsI ONMUMAIbHO20 3HAYEHHS napamempy thr
aneopummy bikracmepuzayii ensemble
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21
17

9
5
1

Puc. 3. Pe3ynomam 3acmocysanus anecopummy oiknacmepusayii ensemble 3 onmumanonumu
napamempamu 00 CUHMEMUYHUX OAHUX

Pesynbrati mgociiKeHb TOKa3aiu, MO JJIS CHHTETHYHHMX JaHUX 3HAUCHHs MapameTpy simthr
npu (¢ikcoBaHOMY 3HAu€HHI thr HE BIUIMBAaE€ Ha pe3ylbTarT OikiacTepusalii, IO CBIAYUTH IPO
CTabIBHICTH HAIIOTO MiAXOMy. 3aCTOCYBAaHHS adroOpuTMy OiKacTepu3alii ensemble 3 onTUMaIBHUMHU
napametpamu (thr = 0.37, simthr = 0.3) A0 CHHTETHMYHHMX JaHHUX IPOJAEMOHCTPYBAJIO IOBHY
BIZIMOBIZIHICTh MIJK KJIACTEPHOIO CTPYKTYpPOKO MOJCIBHHUX Ta PEaTbHUX JAHUX, IO € MiATBEPIKCHHSIM
aJICKBaTHOCTI 3alpOIIOHOBAaHMX HaMM KpHUTEpiiB sKkocTi ans  Oikmacrepusamii. Lli  pesymbsratu
BIJIKpUBAIOTh HOB1 TEPCHEKTHUBH I 3aCTOCYBaHHS OIKIACTEPHOTO aHaMi3y B PI3HUX Taly3sX, e
aHaJIi3 CKJIaJHUX JaHUX € KIIFOYOBUM.

[Tonanpiio NMEepCneKTHBOIO TOCIIPKEHb aBTOPIB € 3aCTOCYBAaHHS 3allPOITIOHOBAHOTO METOMY 10
0o0OpoOKM OUIBII CKJIAJHUX JaHUX EKCIpecii TeHIiB Ha OCHOBI KOMIUIEKCHOTO 3aCTOCYBaHHS
OlKJTaCTEpHOTO aHaJII3y Ta aHaJi3y T€HHOI OHTOJIOTI.

CIIHCOK BUKOPHCTAHHUX /I’KEPEJI
1. José-Garcia, A., Jacques, J., Sobanski, V., Dhaenens, C. (2023). Metaheuristic Biclustering
Algorithms: From State-of-the-art to Future Opportunities. ACM Computing Surveys, 56 (3), art.
no. 69. DOI: 10.1145/3617590
2. Cui, W., Li, Y. (2023). Bicluster Analysis of Heterogeneous Panel Data via M-Estimation.
Mathematics, 11 (10), art. no. 2333. DOI: 10.3390/math11102333
3. Yelugam, R., Brito da Silva, L. E., Wunsch, D. C. (2023). Topological biclustering ARTMAP
for identifying within bicluster relationships. Neural
Networks, 160, 34—49. DOI: 10.1016/j.neunet.2022.12.010
4, Chu, H.-M., Liu, J.-X., Zhang, K., Zheng, C.-H., Wang, J., Kong, X.-Z. (2022). A binary
biclustering algorithm based on the adjacency difference matrix for gene expression data analysis.
BMC Bioinformatics, 23 (1), art. no. 381. DOI: 10.1186/s12859-022-04842-4
5. Dutta, S., Hore, M., Ahmad, F., Saba, A., Kumar, M., Das C. (2019). SBI-MSREimpute: A
sequential biclustering technique based on mean squared residue and euclidean distance to predict
missing values in microarray gene expression data. Advances in Intelligent Systems and Computing,
813, 673—-685. DOI: 10.1007/978-981-13-1498-8 59
6. Yin, L., Qiu, J., Gao, S. (2018). Biclustering of Gene Expression Data Using Cuckoo Search
and Genetic Algorithm. International Journal of Pattern Recognition and Artificial Intelligence,
32(11), art. no. 1850039. DOI: 10.1142/S0218001418500398

62



ISSN 1998-6939. Information Technologies in Education. 2024. Ne 1 (55)

7. Gates, A. J., Ahn, Y.-Y. (2017). The impact of random models on clustering similarity. Journal
of Machine Learning Research, vol. 18, 1-28.

8. Babichev, S., Osypenko, V., Lytvynenko, V., Voronenko, M., Korobchynskyi, M. (2018).
Comparison Analysis of Biclustering Algorithms with the use of Artificial Data and Gene Expression
Profiles. IEEE 38th International Conference on Electronics and Nanotechnology, ELNANO 2018 —
Proceedings, art. no. 8477439, 298-304.

9. Shannon, C. E. (1948). A Mathematical Theory of Communication. Bell System Technical
Journal, 27 (3), 379-423 & 623—-656.

10.  Kullback, S., Leibler, R. A. (1951). On information and sufficiency. The Annals of
Mathematical Statistics, 22 (1), 79-86.

11. The R Project for Statistical Computing. Available on: https://www.r-project.org/

12. Kaiser S., Santamaria R., Khamiakova T, et al. Biclust: Bicluster Algorithms. Available on:
https://cran.r-project.org/web/packages/biclust/index.html

13. Babichev, S., Osypenko, V., Lytvynenko, V., Voronenko, M., Korobchynskyi, M. (2018).
Comparison Analysis of Biclustering Algorithms with the use of Artificial Data and Gene Expression
Profiles. IEEE 38th International Conference on Electronics and Nanotechnology, ELNANO 2018 —
Proceedings, art. no. 8477439, 298-304. DOI: 10.1109/ELNANO.2018.8477439

14. Kaiser, S. (2011). Biclustering: Methods, Software and Application. Dissertation, LMU
Miinchen: Fakultét fiir Mathematik, Informatik and Statistik.

Sergii Babichev, Tetiana Goncharenko

Kherson State University, Kherson, Ukraine

APPLICATION OF BICLUSTERING ANALYSIS FOR FORMING COHERENT DATA
SUBSETS

This paper introduces a new approach to data analysis using biclustering, which significantly
differs from traditional clustering methods. Available scientific works were analyzed, which
characterized the method of bicluster analysis and the features of its application. The authors focus on
identifying coherent subsets within complex data, extending beyond typical data such as gene
expression. They emphasize exploring how biclustering analysis can uncover hidden connections in
data, often overlooked by conventional methods. Quality criteria for biclustering of gene expression
data were formed and the effectiveness of internal criteria was evaluated. The quality of biclusters is
thoroughly examined using mean squared error (MSE) and mutual information, ensuring the reliability
and objectivity of the results. A distinctive feature of biclustering analysis is its ability to identify
biclusters of various sizes and shapes, crucial for understanding complex and heterogeneous data. This
approach not only highlights local patterns in data subsets but also reveals more intricate interrelations.
The article also stresses the importance of optimizing hyperparameters and using quality criteria to
achieve the most accurate results. The research aims not only to identify coherent data subsets but also
to gain a deeper understanding of structural features and interconnections revealed by biclustering
analysis. This work opens new prospects for analyzing complex data, offering a deeper insight into
their structure and dynamics. Particularly valuable is the method’s ability to detect overlapping
biclusters, aiding in uncovering more complex and profound dependencies in the data.
Keywords: Biclustering analysis, artificial biclusters, quality criteria for biclustering, mutual

information, mean squared error
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V' cyuacuiti oceimuili napaouemi, 30pieHMOBAHINl HA 3A0080JEHHSA 3ANUMIE 0COOUCHOCHI,
0coOIUB020 3HAUEHHs HAOY8aromv npodieMu Npo@eciiHo20 CMAHOBIeHHS MAauOymuix gaxisyis.
CoyianbHi npoonemu, 80CHHUU YAC 3MYULYIOMb OCEIMAH NOCMIUHO 800CKOHANIO8AMU C8OI NPAKMUYHI
gaxosi nasuuku. bacamo 3aknadie nepetiuino Ha OUCMAHYIUHUL hopmam HABYUAHHS, A Ye NPU3Beno 00
HeoOXIOHOCMI  800CKOHANIO8AMU HABUYKU POOOMU (3 3ACMOCYBAHHAM [HHOBAYIUHUX MEXHONLO02IU
BUKNIAOAHHA. ¥V yboMy € AK NO3UMUGHi, Max i He2amusHi CK1a006i. J[0 NO3UMUBHUX MONICHA
3apaxysamu GU3HAYEHHA [ OOIPYHMYBAHHA 3AC00i8 AKMUBHO20 HABUAHMA 6 PEeNHCUMI CUHXPOHHO2O
(acCUHXpOHHO20) HABYUAHHS, 3 YUM BUKIAOQYl YchiwHo cnpasiaomoucs. OOHAK Y 36 3K) 3 8i100AIeHUM
HABYAHHAM BUHUKAE NpoOIeMd 3 MOMUBAYIEIO, NPOABOM CAMOCMIUHOCMI, chopMOBaHiCmIO AKOCmel
camomeneoxcmenmy 3000ysauie euwoi oceimu. Ilocmae npobrema no3UMUHO20 6NIUGY HA
MomueayitiHy cgepy cyuacnoeo 3000ysaua, wo 3abe3neuye U020 yCniuHiCme AK Y HA8YAHHI, MAK i 8
Maubymuitl npoghecitiniii disnbHocmi. 3acobu momueayii 00 ycnixy mawoms Oymu OUOAKMUYHO |
MEMOOUYHO  V3200M4CeHi 3 nompedamu, IHOUBIOYANbHUMU AKOCMAMU MUX, XMO HABYAEMbCAL.
Ingpopmamusayisa, yugposizayisi oceimubo2o npoyecy HAOAE WUPOKI MONCIUBOCMI OJisi MBOPUOCHI
suxnadauis. Cyyacui IT-mexnonozii, 0coonueo XxmapHi mexuonoeii, Haoaroms nedazo2am 00CUmMb
3pYYHUL, Oe3KOWmMOBHUL HAOIp THCMPYMeHmi8 Ol aKMusizayii Ha8YaIbHO-NI3HABAILHOI OIIbHOCMI
3000y8auis, 30Kpema ye 8ipmyaivbHi OOUKU, MYTbMUMeOiliHi npezenmayii, 3acodou opeauizayii 2pynogoi
pobomu, cepgicu 015l CMBOPEHHs Mecmia, IHmMeleKm-KapmKu, OONOBHeHad Mma 8ipmyaibHa peabHiCMb,
nepegepryme naguanus. Cnio 3a3Haqyumu, wjo AKiCms CNpuuHAMmMs iHghopmayii, BMOMUBOBAHICIb HA
OIbHICMb, NIOBUWYEMbBC Y npoyeci nepeensaody 6i0eo, NpPOCIYXO8YBAHHS MEKCMI8 ma MY3UYHUX
meopis. Momueayis niosuwyemscs, Koau 3000y8aui Oepyms aKmueHy y4acms )y CMEOpPeHHI MAIOHKIS,
MYTbMUMeOitiHuUX npesenmayiu mowjo. Bniue na pozsumox momuseayitinoi cpepu 3000y6auis suuyoi
0Cc8imu CKAAOHUll i UMazae 6azamo uacy ma 3yCcuib UKIA0Ais.

Knrwuoei cnosa: momueayitina cgepa, oucmauyivine HABYAHHA, CUHXPOHHE HABYAHHA,
cnputinamms iHghopmayii 3000ysavamu uujoi oceimu, 3acoou GNIUY HA PO3BUMOK MOMUBAYIUHOT
chepu 3000ysauis suwyoi oceimu

Beryn. Ilompu Bei Herapa3aum B yKpaiHCHKOMY CYCHUIBCTBI, OCBITa 3aJIMIIA€TbCS BKpaid
BaXXJIUBOIO JJIs1 MailOyTHROTO KpaiHu. Huska pedopm CBITUNTH MPO aKTyalbHICTh BUPIIIEHHS MPoOieM
y BCIX Tally3fX OCBITH, 30KpeMa i Takux, SIK «HEBIANOBIJAHICTb CTPYKTYpPH OCBITH Ta ii 3MICTy
npobieMaM PUHKOBOI €KOHOMIKH; HEIOCTAaTHICTh Ta HECTaOUIbHICTH (DiHAHCYBaHHS; HE3aJA0BLIbHUN
piBEHb KOMIT IOTEpU3allii Ta BUKOPUCTAHHS CydyacHUX I1H(OpPMaLIWHUX Ta MEPEKEBHX TEXHOJOTIH Yy
HABYaHHI (8 OCHOBHOMY y 38 A3KY 3 60€HHUM CMAHOM — TIPUM.ABT.); HEJOCTATHICTh TapaHTIi SAKOCTI
OCBITH; HEOOXITHICTh SKICHOT afanTallli BITYM3HSIHOI CHCTEMH OCBITH /IO €BPOMNEHCHKOTO OCBITHHOTO
npoctopy» [5]. OnHak opraizamis JUCTAHIINHOrO HaBYaHHA BHKa3y€ ICUXOJIOTO-IEAaroriyHi
YUHHUKU OCBITHBOTO NIPOLECY B 3aKjiajax BHIIOI OCBITH, OOIPYHTYBaHHSI SIKHX BHMMarae BiJ
KEpIBHMKIB OCBITHIX 3aKJa/iB Ta HAyKOBO-IIEJAaroriyHUX IMPAliBHUKIB YITKOCTI, 00’€KTUBHOCTI,
3MiCTOBHOCTI. KOMIIETEeHTHICHA OCHOBA OCBITHBOT'O MPOLIECY CIPSIMOBYE Ha OBOJIOJIHHS BIATOBITHUM
KOMIUIEKCOM KOMIIETEHTHOCTEH, K1 J03BOJIATH MallOyTHhOMY (DaxiBII0 KOHKYpPYBAaTH Ha pUHKY Ipari,
a TOTIM IPaBWIBHO MOOYIYBaTH Kap €pHY TPaeKTOpito. Takok 3MIHIOETHCS 1 caM XapakTep OCBITH.

‘ @ @ @ @ Jronmuna Ilepminosa
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Bona naOyBae Bcix O3HaK iHHOBaIiliHOCTI: «IHHOBamiliHA OCBiTa — II€ Ta MOJAEIh OCBITH, sKa
OpIEHTOBaHA IEPEBAXKHO HAa MAaKCHMAaJbHHM PO3BUTOK TBOPYMX 3A10HOCTEH 1 CTBOPEHHS CHIIBHOI
MOTHBAIII] 10 CAMOPO3BHUTKY 1HIMBIZa HA OCHOBI TOOPOBLIBHO BHOPAHOT “OCBITHBOI TpaeKTOPii™» [5].

IlocranoBka mnpodiaemu. Ha cydacHOMy eTami BHHHMKA€ HEOOXIIHICTh BHU3HAYCHHS U
OOTpyHTYBaHHS YMOB PO3BHTKY MOTHBAIIi 3100yBaviB BUIIIOT OCBITH Y 3B’S3KY 31 30UIBIIICHHSIM YaCTKU
3aHATh y JAMCTaHLIHHOMY pexkuMmi. Crnmparoduch Ha MEAaroriyHi YMOBH, cCepell SKHX BIUIMB Ha
EMOIIIHY CKJIaJIoBy 3700yBayiB, OpieHTallis Ha NpodeciiHy MEepCHeKTHBY, OHOBJICHHS KOMILIEKCY
3aco0iB (opMyBaHHS MOTHBalIHOI cdepu Monoaoi mwoguHu [11], poOMMO BHCHOBOK TIPO
aKTyaJbHICTh JOCIIHKCHHS MOTHBAIIHHOI cepu 3700yBadiB 10 HABYAHHS Y CHHXPOHHOMY (opmari, a
Tako)X — JIOIUIBHICTh BHW3HAYEHHS 3acO0iB  TMO3WUTHUBHOTO BIUIMBY HAa  MOTHBAIlIlO B
iH(pOpMaLifHO-KOMYHIKAI[iHHOMY TIeJarOTiYHOMY CEepPEIOBHILL.

Meta pocaigxenHsi. MeToro TOCTIIKEHHsI € OOTpyHTYBaHHs HEOOX1THOCTI peasnizalii 3aco0iB
PO3BUTKY MOTHUBAIIiitHOI chepu 3100yBauiB BUIIOI OCBITH B yMOBaX CHHXPOHHOTO HABYAHHSI.

Bukisiag ocHoBHoro marepiajy. [[is Hamoro AOCHiIKEHHS BaXJIMBUM € PO3YMIHHS MOHSTTA
«aucTaHIitHe HaBYaHHs». Hampuknan, 3a B. bukoBum, «aucraniiitne HapyaHHS — (hopMa oprasizarii
1 peamizailii HaBYaJIbHO-BUXOBHOTO IPOIIECY, 3a SIKOK HOro ydyacHUKH (00’€KT 1 CyO’€KT HaBYAHHS)
3I1ICHIOIOTh HaBYAJIbHY B3a€MOJIiI0 TPUHIIMIIOBO 1 MEPEBAXKHO EKCTEPUTOPIabHO (Ha BIACTaHI, 10 HE
Ja€ 3MOTH 1 He mependadae Oe3mocepenHbOi HAaBYAIBHOI B3a€EMOIIi YYaCHHKIB «BiU-Ha-Biu», KOJIH
YYaCHHKH TEpUTOPiaibHO 1epeOyBaloTh 32 MeKaMH MOXIJIMBOI Oe3MocepeIHbO1 HaBYaIbHOT B3a€EMOI,
1 KOJIM y TPOIeCl HaBUYAHHS IXHS OCOOMCTa MPHUCYTHICTh Y HAaBYAJIBHUX MPUMIIIEHHAX 3aKIaay HE €
o00B’s3k0BOI0)»  [3]. C. ToHyapeHko JUCTaHIliiHE HaBYaHHS BU3HAYa€ SK «TEXHOJIOTIIO
LJIECTIPSIMOBAHOTO ¥ METOIMYHO OPTaHi30BAaHOTO KEPIBHHIITBA HaBYAJIHHO-TTI3HABAIBHOIO JiSIIBLHICTIO
Y4HIB, SIKI MPOXUBAIOTh Ha BIJCTaHI BiJl OCBITHBOTO 3akiamy» [4, c. 125]. OTxe, 11 BUSHAYCHHS AJIs
Hac € 0a30BHMH, OCKITBKM B yMOBaX BOEHHOTO Yacy MH MAa€eMO KOHTHHTEHT 3700yBadiB, «sKi
MPOXKMBAIOTh Ha BIJCTaHI BiJl OCBITHBOTO 3akiamy». JucraHuiiiuuii ¢opmar HaB4aHHSA MOxe OyTH
OpraHi30BaHO CHHXPOHHO a00 ACHHXPOHHO 3aJICKHO BiJ TEXHIYHMX YMOB, O€3MEKOBOi CHUTYyalii,
MOXJIMBOCTI YYaCHUKIB OCBITHBOIO MpoOIlecy MepeOyBaTd Ha 3aHATTI B KOHKPETHUI MOMEHT. Sk
B1JIOMO, «CHHXPOHHHH PEXHM Tependadae B3aeMOJII0 MK Cy0’€KTaMH JUCTAHIIMHOTO HABYAHHS, 1€
YY9aCHUKH OJHOYACHO TPALIOITh B EIEKTPOHHOMY OCBITHBOMY CEpPEIOBHUII (MPAIIOIOTh 3a
JIOTIOMOTOI0  3ac00iB Bimeo KoHpepeHiii). llel pexum 3abe3neuye MmBHAKUK 1 Oe3mocepemHii
3BOPOTHUHM 3B’S30K, TaliM-MEHEI)KMEHT BUKOHAHHS 3aBJaHb, MOMJIHMBICTh OpPraHi3yBaTH B3a€MOJII0
Y4YHIB y MaJIUX Ipymax, He BUKIUKAE BIAUYTTA 130IbOBAHOCTI 1]l Yac HaBYaHHD [6].

3po3yMmilio, 10 OpraHi3alis 3aHsATh y CHHXPOHHOMY PEKMMIi BUMarae Bijl BUKJIJa4iB TBOPUOCTI,
HaMoJIENIMBOCTI MiJl Yac MiArOTOBKH JI0 3aHSTh, K1 MOTPeOyIOTh 3aCTOCYBaHHS PI3HOMAHITHUX 3aC001B
nofadvi iHdopmartii, MexaHi3miB i 00poOKH, 3aCBOEHHS 3/100yBadyaM1 TOIIO. AKTUBHO BUKOPUCTOBYIOTb
K y IIKONI, TaKk 1 3aKjajgax BHUIOI OCBITH, MiJ Yac JUCTAHIIMHOTO HaBYaHHS (CHHXPOHHOTO,
ACUHXPOHHOTO) MOJIeJb «IEPEBEPHYTOr0 HaBUAHHS», IO MIJKPECHIOE 11 yHIBEpCAIbHICTh, TOOTO
MOXJIMBICTh 3aCTOCYBaHHS Ha PI3HUX CTyHeHsAX ocBiTH. llepemyciMm Taka MoOJEIb TO3BOJISE
3a0e3neynTH HU3KY (PaKTOpIB YCIIIIIHOTO HaBUYAHHS, 30KpeMa:

e (dopmyBaHHS CyO €KTMBHOI TMO3HUINI y TPOIECi MIsIBHOCTI, 1€ Cy0’€KTy HaBYaHHS HATAEThCS
npaBo BUOOpY (GopM i crocoOiB opraizamii JisUIBHOCTI, 3ac00iB OTpuMaHHA iH(OpMaIlii, mpasa
BUTFHO BHCIIOBIIIFOBATH CBOIO TYMKY;

e BUIMB Ha (OpMyBaHHS MOTHUBIB, IO MOKpallye CHPUHHATTS 1HQOpMaLii (BKIIOYEHHS
Sl-moTuBallii, BIUIMB HAa BHYTPILTHIO MOTUBAIIIIO);

® DPO3BUTOK ITI3HABAJBHUX IHTEPECIB 32 paXyHOK IrpoBOro (hOHY OpraHi3allii OCBITHBOTO MPOIIECY.

[IpoGrneMHe TmoNie HAIIOTO OCHIDKCHHsI BKIIOYA€ BU3HAYCHHS (DAaKTOpiB, IO 3a0€3MEUyrOThH
PO3BHUTOK MOTHBAIlIl MaiiOyTHIX MEIAroriB, CEpPel IKNX:

e koM(popTHE PO3BUBAIBHO-TII3HABAIFHE CEPEIOBHIIIC;

e 1o0yoBa ycBiIOMIICHOT TPOdeCiiiHOT MepCIeKTUBHY;

® PO3BHUHEHICTH €MOIITHOTO 1IHTEJIEKTY, TyOpPUCTUYHOT MOTHBAIIIT;

® IHHOBaIlIHI 3ac00M aKTWBi3aIlli MOTHBAIl MaOyTHIX (DaxiBIliB, /1€ CEPEIOBUIIHUI (HAKTOP, TO
CyTi, 00’ €/1Hy€ BC1 1HIII.
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MoTHBaLi0 MeNaroriyHoi AiSTBHOCTI MOXKHA TPAKTYyBAaTH SIK CHUCTEMY E€MOLIHHO-I[IHHICHUX
3B’S3KIB 13 JOMIHYBaHHSIM OCOOMCTICHMX MOTHBIB, SKI CIIOHYKalOTh Ha camopeali3aliioo Yy
npodeciiiHiii AISUTBHOCTI Ta Yy CHOUIKyBaHHI. SIK 3a3Ha4alOTh JOCHITHUKH, «YCIHIIIHICTH TaKoi
JISTTBHOCTI 3aJICKUTh BiJl CTyNEHIO C(DOPMOBAHOCTI IBOX THIIIB MOTHBAIIi: 308HiUHb0I (HE CTUMYITIOE
HAJIEKHOIO Mipor0 Mpo¢eciiHOro pPO3BUTKY I€Aarora, IMEpPEeTBOPIOE Mpali0 Ha AisJIbHICTB, IO
3MIMCHIOETBCS TiJ THUCKOM 30BHIIIHBOI HEOOXIAHOCTI) Ta 6Hympiwikboi (HE TIIBKH CTHUMYIIOE
BIOCKOHAJICHHS MpodeciitHoi MaliCTepHOCTI, ajle TAaKOX € JHKEPEIOM PO3BUTKY CyO’ €KTiB HaBUAHHS )»
[9]. PobOnsum akmeHT Ha MOTHBaIi 3100yBadiB BHINOI OCBITH, MOXKHA CKa3aTH, IO y OLIBIIOCTI
JIOMiHYIOTh 30BHIIIHI MOTHBH. J{ndepeHiitondn 3a KypcaMi HaBYaHHS, BAOKPEMIIFOEMO TaKi MPOBiIHI
MOTHBU MalOyTHIX yYHUTEJIIB MOYATKOBOI IIIKOJIA /IO HaBYaHHS (Ta0u. 1).

Tabnuys 1. [lpogioni momusu matiOymuix
yuumenie nouamro80i wWKoIu 00 Ha8YaHHs

Kypc IlpoBigHi MoTHBU
I xypc Oaligyke CTaBICHHS; JONMTINUBICTD, IO PO3BUBAETHCS; €130 JUYHA 3aIlIKaBICHICTh
IT xypc MOKa3Ha 3aIlIKaBJICHICTh; €M130IMYHA IIKaBICTh; Oaly>Ke CTaBJICHHS 10 HaBYaHHS
111 xypc [MOKA3HA 3alliKaBJICHICTh; €Mi30MYHA I[IKABICTh; JONMTINUBICTD, [0 PO3BUBAETHLCS
IV xypc MMOKa3Ha 3aIlIKaBJICHICTh; €Mi30IMYHA IIKaBICTh; (PYHKIIIOHAIILHUH 1HTEpEC

3po3yMiJio, 110 MEePIIOKYPCHUKH aaNTyIOThCs O HaBUYAHHS KOKHUN Y CBOEMY TeMIIi. 30KpeMa,
B YMOBaxX CHHXPOHHOTO M aCHMHXPOHHOIO HaBUaHHs Ui 0araThox i€ cKiagHa 3aaada. pyruii Ta
TPETi Kypcu HacH4YeHI HOBOIO CKJIATHOIO 1H(OpMAIli€lo, TOMY 3alliKaBIEHICTh, Oa)kaHHsS JOCATaTU
BHCOKHX OILIIHOK y 3100yBauiB OCBITH TPUMAIOThCS Ha 30BHIIIHIX MOTHBAx. | TIJIbKM Ha 4eTBEPTOMY
Kypci mposiBisie ceOe BHYTpIIIHS MOTHBAIlis, SKiM TepedyBaia creliaJbHO OpraHizoBaHa poOoTa
BUKJIAJAYiB:
® CHpUsHHSA YCBIJOMJICHHIO OCOOMCTHX IHIMBIAYaJdbHUX SKOCTEH Ta PO3BUTKY NpOdeciiiHo
BaXUIMBHX SIKOCTEH, BIACHOT 1HAMBIAYaIbHOCTI Ta 11 pO3BUTKY;

®  [IiIBUIIEHHS BHYTPINTHHOI HABYAILHO-ITI3HABAILHOT MOTHBAILIT;

®  YCBIIOMJICHICTh y HEOOX1AHOCTI MOJICIIOBAHHS MPO(ECIHUX MEePCIIEKTHUB,;

e (opmyBaHHS BMIHHSI BUMTHCS BIPOJOBXK KHUTTS, 3aCTOCOBYBAaTH B IPOIECI YUIHHS 1HHOBAIliHHI
TEXHOJIOTIT, 3ac00HM aKTHBI3allil Ta BAOCKOHAJICHHS HaBYaIbHO-III3HABAIBLHOL IiSIbHOCTI TOIIO.

Ha getBepromy Kypci BUHUKae «rmpodeciiitHa moTpeday, 1Mo CBIIYUTh PO AUHAMIKY PO3BUTKY
MOTHBAIi /10 HaBuyaHHS. POOMMO BHMCHOBOK, IO OCBITHIM mMpoIec 3akiaay BHUIIOI OCBITH Mae
CTUMYJIIOBAaTH CTAHOBJICHHS CyO’ €KTa MisSJIBHOCTI, 37aTHOTO YCBIJOMJIGHO CTaBUTH IIiJIi, OpaTu
BIJINIOBIJAJIbHICT 32 MPUHHSATI PIICHHS, CIIOHYKATH 10 BUOOPY aJeKBaTHOI CTpaTerii MOBEIIHKH, SKY
3a0e3medye MOTHBAIIIS A0 JOCATHEHHS yCHiXy 3100yBadeM BHUIIO] OCBITH.

PesynbraTuBHICTH TpoLIECY (bopMyBaHH;I MOTHUBAIll 3700yBa4yiB BHIIOi OCBITH CTUMYIIOE
OCBITHE CEPENIOBHUIIIE, JIJIS IKOTO € HEeB1J'€MHHM PO3BUBAJILHO-ITI3HABANIbHA XapakTepuctuka [8;17;18].
O. PomaHOBCHKHI BBa)Kkae, M0 «OCBITHE CEPEIOBHUIIE — 1€ CYKYNHICTh MaTepialbHUX, TYXOBHHX 1
€MOIIIfHO-TICUXOJIOTIYHUX YMOB, y SKHX BiJ0yBa€ThCS OCBITHIA MpolEeC, a TaKoX YHMHHHUKIB, IO
MOXYTh SIK CIIPHUATH, TaK 1 MEPEHIKOHKATH JOCATHEHHIO 3alulaHOBaHUX pe3ynbTariBy [13]. OnHak y
MEKax HaIoro JOCIIKEHHS CIIiJ 3BEpHYTH yBary Ha iHGopMamiiHO-1In()poBe CEpeoBHUIIE 3aKIaTy
BHUIIOI OCBITH. MU f0r0 po3miisgaeMo B KOHTEKCTI TpUCYO’ €KTHOT quaakTuku [12].

B3aemonist 6a3yeThcs Ha IHHOBAIIMHOCTI KOXKHOT CKJIaI0BO1 CTPYKTYpH (puc 1.).
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Pucynox 1. Tpueouna 63aemo0isn «8UKIA0AU-3000Y8aU-0CBIMHE cepedosUuUye)

3okpema, 3MIHIOEThCS (YHKINIS BUKJIAJada: «BiH TIOBMHEH HAaBYaTH CTYICHTA OPIEHTYBATHCh y
pOMY 1H(GOpPMAIIITHOMY CEpeOBHUIL, PO3BUHYTH HOT0 TBOPYI Ta iHTENIEKTyajbHI 3110HOCTI, y TOMY
YuCIi 34aTHICTh a0 camoocBiTH. Came 11 oOcTaBMHAa POOWUTH BHUKOPHCTaHHS 1H(OpMAIiiHUX
TEXHOJIOT1H, 1H(pOpPMaTHU3alil0 HABYAJIBHOTO TMPOLECY TOJOBHUM 3acO00M 3IIMCHEHHS MEpexony I0
1HHOBaIIHOI OCBiTH» [5]. KapaunanpHO 3MiHIOETBCS 1 3M00yBad. BiH cTae cy0’€KTOM HaBYaHHS,
aKTUBHHUM, 3 HE3QJICKHOI0 JYMKOIO, KDUTHYHO MUCIISYMM, YMOTHBOBAaHHM Ha 3100yTTS OCBITH. Ale
CHIJT 3ayBaXKHUTH, IO «HEOOXITHO IOCTIIKYBaTH SKICTh C()OPMOBAHOCTI OKPEMHX HAaBHUYOK Ta BMiHb,
AK1 TPH MEepexofli 3 ayAUTOPHOI Ha TUCTAHLINHHY OCBITY (OpMYIOTbCS BKpail moBunbHO <...> Kpim
TOTO, CJIiJI BPaxOBYyBaTH HEOYIKYBaHO BHMCOKI IMOKAa3HUKH IICHUXOJOTIYHUX TpolieM y 3100yBadiB
OCBITH, $SKiI 1030aBieHi comianbHOi B3aemonii 3 oxHorpymHukamm» [1]. CiaymHoro € aymka
JOCIIJHUKIB TPO TE, 110 «3 IUCTAHIITHUM HaBYaHHSAM Yy HaBUaJbHHUI IpoLEC BIPOBAKYIOTHCS
MPUHIIMIIOBO HOBI MOJEI HaBUaHHS, IO NepeadavaroTh MPOBEICHHS KOH(EpPEeHIliHd, caMOCTIiHY
poOOTy CTyIEHTIB 3 iHGOPMALIIHHIMU MOJISAMHU 3 Pi3HUX OaHKIB 3HAHb, MPOCKTHI POOOTH, TPEHIHTH Ta
1HIII BUAM JISUTBHOCTI 3 KOMIT IOTEPHUMHU TexHonorismMm» [14]. Ilpu mpomy 3MiHIOIOTECS 1 (QyHKIIT
MIDKOCOOHMCTICHOTO CHUIKYBaHHS MDK 3700yBaueM 1 BHUKJIaJauyeM, sSIKI OpPraHi3oBYIOTbCSI B PEKUMI
«I1aJI0T-II0JIIION.

Ax 3ayBaxxye M. K, «indopmarliiiiHi TEXHOJIOTIT € He TUThKUA MOTY>KHUM 3aC000M OTpUMaHHS
iHpopmalii, ane ¥ IHCTPYMEHTOM MiJABHIIEHHS MOTHMBaLli Ta IHTepecy 10 3100yTTsS 3HaHBY» [7].
Bognouac cmig KOHCTaTyBaTH CHTYaIlilo, IO CKJIajacs y caMiil opraHi3ailii OCBITHHOTO TPOIIECY.
[lepexin Ha aucTaHIliiHE HAaBYaHHS OaraThbOX 3aKJa/iB BHINOI OCBITM BUMAarae THX IHHOBAIIIHHX
3aco0IB 1 MAXOAIB JO SKICHOI OCBITH, SKIi BHKJIMKAIOTh IHTEPEC OO0 3I00yTTs CHEIiadbHOCTI,
MOTHUBYIOTh 3100yBadiB O Mi3HABAJIbHOI AiSJIBHOCTI, (OPMYIOTH 1HIIATUBHICTh, Oa’KaHHS MOCTIIHO
HABYATHUCS, 3a0XOUYYIOTh 1O CAaMOCTIMHOCTI B MOUIYKOBiH poOOTi, MPUWHATTI BIAMOBIIHUX pIIIEHb,
BIIIOB1JAJIBHOCTI.

CyuacHux 37100yBadiB BHUIIOi OCBITH MOXKHA CXapaKTE€pPU3yBaTH K «LH(poBa MOJIOAbY, Y SKOL
HEOOMEKeH1 MOXKIIMBOCTI OTPUMaHHS 1 nepepoOku iHdopmariii. Toxk BUHUKAE CUTYyallisl, KOJIU TOH, XTO
HABYAETHCS, CTAa€ OUIBII HE3aJeKHUM BIJ TOro, XTO Hap4yae. OgHAK CHiJ MAKPECIUTH, IO POJh
nejarora 3aJIMIIA€ThCS BKpail BaXXJIMBOIO I 00OB’SI3KOBOIO B OCBITHROMY mporieci. Ilepenycim e
MEJaroriyHo JOIIJIPHUN BIUIMB Ha PO3BUTOK OCOOHMCTOCTI 3700yBadiB, 30KpeMa Ha MOTHBAIlIAHY
ctepy. [IpakTrka BUKIAAANBKOT JiSUTBHOCTI JTO3BOJISIE€ 3pOOUTH BHCHOBOK PO HEOOX1IHICTH BIUIMBIB
Ha MOTHBaliiiHy cdepy 3100yBauiB 13 HEOOXITHUM MepeadaueHHsIM pe3ylbTaTy: PO3BHHEHOCTI
BHYTPIIIHBOI MOTHUBAIli]; TYOpUCTUYHOT MOTHBAI] [2]; BIJIMB HAa (POpPMyBaHHS MOTHBALi TOCSITHEHHS
ycmixy Tomo. Ha Hamry mymKy, Takuii BIUTMB € MOXKIIMBHM T/ Yac peati3allii TUCTaHIIHOTO HaBYaHHS
y CUHXPOHHOMY (hopMari.
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CyuacHuil OCBITHIN mpoliec 30araueHo akTyaJbHHUMH METO/aMH, 3aC00aMM Y4YiHHS 1 HABYaHHA,
cepes SIKUX KeilcH, «nepeBepHyTHil Kilacy abo IepeBepHyTe HaBYAHHS, €e-HaBYaHHs, poO0Ta Ha pI3HUX
mwiardgopmax tomo. «Komi torepHa MeTOMO0MIOTisSE HABYaHHS MICTUTh HU3KY CHCHH(IYHUX, MiSTTBHUX
METOJIIB: KOMIT'IOTEpHE MOJIEIIOBaHHS, BHKOPUCTaHHA €QEKTHMBHMX Ta JOCTYIHHUX IPOrpaMHHUX
3ac00iB, KOMIT IOTEpHE TECTYyBaHHSI, IrPOBI METOAM aKTHBHOTO HaBYaHHS TOIIO» [19], ToMy choromHi
3MIHIOETHCS KJIIACHYHA CXeMa «BUYUTENIb-YUCHb-TIAPYYHUK» Ha OUTBII MPOTrPECUBHY «II€1aror — ¢y’ eKT
YUIHHS — e-MIAPYYHHUK — KOMIT FOTEPHI 3aCO0M HaBUaHHS.

3BepHEMO yBary Ha MYJIbTHMEIiHI 3ac0o0M, 10 JTO3BOJSIOTH «BIJIMOBHTHCS BiJl BJACTUBUX
TPaaUIIfHOMY HaBYAHHIO PYTUHHUX BH[IB BHKIQJALbKOi MiSJIBHOCTI Ta 3HAYHO AaKTHUBI3yBaTu
Mi3HABAJbHY MISUIBHICTH CTyAeHTiB» [10]. BuminsaroTe HHU3KY AMIAKTHYHHX OCOOIMBOCTEH, IO
MiAKPECTIOITh TepeBary MyJIbTUMEAIMHUX 3ac00iB y MOpiBHsAHHI 3 Tpamumiaumu [10, c. 33].
JlocBin opranizamii 3aHATh 13 BUKOPHCTAHHSIM MYJIBTHMEIIMHMX 3acO0IB IOKa3ye: Bi3yasizallis
iHpopmarii 1o3Boise 3100yBauaM BUKA3yBaTH CBOE CTaBJICHHS IO TOJAHUX Bapiamiid (MaroOHOK,
iHdopmarrisi, Toe€THAHHS TEKCTy W UIIOCTpallii, 3aCTOCYBaHHS TaOJWIlb, 3HAKIB, JiarpaM TOIIIO),
MPOSIBIIATA  €MOIIii, 110 BOJHOYAC BHCTYNA€ MOTHUBATOPOM JO MAiSUTBHOCTI, 30KpeMa HaBYaJIbHOI
poOIeMHOI.

Ha cporoani inopmariiiHi TeXHOIOTI, IIPpOBa PaMOTHICTb Cy0’ €KTIB HaBYaHHS € MPOBIAHOIO
YMOBOIO CTAHOBJIEHHS MaiOyTHHOTO (axiBIs: «3aCTOCYBaHHS KOMIT FOTEPHUX TEXHOJIOTIH CIIpHsiE
MiBUIIICHHIO PiBHS CAMOOCBITH, MOTHBAIlIl HABYAJLHOT TISTTFHOCTI 1 Ja€ a0COTIOTHO HOBI MOMIJIMBOCTI
JUTSL TBOPYOCTI, OTPUMAHHS ¥ 3aKpIIUICHHS Pi3HUX MpodeCiiiHuX HaBHYOK Ta BIJIMOBIIA€ COIIaTbHOMY
3aMOBJICHHIO, siKke aepkaBa npexn’sisiasie 1o BH3» [13]. Ilpukmagom Moxe CIyryBaTH JOCBiJ
XepCOHCHKOTO JIEPKABHOTO YHIBEPCUTETY, A€ «OIHUM 13 TMPIOPUTETIB YHIBEPCUTETY, BHU3HAUYCHUX
Crpareriero po3BUTKY XepCOHCHKOTO Aep>KaBHOTO yHiBepcuteTy Ha 2023 — 2027 pp., € nudpoizaris
[15]. Po3BuTOK 1H(pPOBOi rpaMOTHOCTI TiepeOyBae B MOCTIHHOMY MPOCYBaHHI: YYaCHUKH OCBITHBOTO
MPOIIECY OTPUMYIOTh KOHCYJIBTAIII], Y MEXax LIKOJIX NpOoQeCiiiHOro po3BUTKY MPOBOISATH CEMIHAPH, /1€
Ha/JalTh MPAKTUYHY AONOMOTY BMKJIAJadaM IIOAO OBOJIOJIHHS HaBUYKaMU poOOTHM Ha calrax, 3
mporpaMamMu, Jie¢ (OpMYIOTbCS HaBHUUYKH KOPUCTYBAaHHS PI3HUMHU 3ac00aMM aKTHBi3allil MpOBEACHHS
3aHATH y TUCTAHIINHIN dopMi.

BaxuuBy ponb Bifirpae po3sutok caiity XY 24 i1 ¢pynkuionyBanus KSU online na nminardopmi
Moodle, mo, Oyayun CKIaJOBUMH OCBITHBOTO CEPEIOBHINA, MO3UTHBHO BIUIMBAIOTH HA IIJATOTOBKY
3100yBayiB BHIOi OCBITH, 30KpeMa MaiOyTHIX y4MTeNiB MOYaTkoBoi mmkonu. Ha nexumifiHux i
MPAKTUYHUX 3aHATTSIX YYaCHUKH OCBITHBOTO Mpoliecy 3a gonomororo ZOOM MOXyTh HE JIHILE
CIIUJIKyBaTUCSl B PEXHUMI BiJJCOKOH(EpeHIii, a i MOIMPIOBATH Ha €KpaH IMpe3eHTalli, aymio- Ta
BiJleodailny, 30BHIIIHI pecypcHu (Hampukiad, BeOCalTH), KOPUCTYBATUCS MAOUIKOIO Y CHUIBHOMY
JOCTYTIi, MPALIOBATH y BIPTyaJbHUX KIMHATax, 10 YPI3HOMaHITHIOE MO/1auy Ta CIPUHHATTS MaTepiaiy,
3aiy4yae 3700yBadiB OCBITH 110 aKTHBHOI B3aemomii. lle mo3Bosisie yHWKAaTH OJHOMAHITHOCTI,
NpaLoBaTH B TIpyNax, IMOJETUIye Bi3yalbHE CHPUHHATTA iHpopManii, a miJ 4Yac BHUKOHAHHS
3100yBadaMH MPAKTHYHHUX 3aBIaHb — CIPHUSIE PO3IMHUPEHHIO MOXIJIMBOCTEH, 320X0YEHHIO JI0 TBOPYOTO
MiAX0/y, KpeaTUBHOCTI, OUIBII SKICHOMY ompaloBaHHIo iHpopmaii. CrinbHa poOoTa, 10 NPHUKIALY, B
Google-mokyMeHTax 13 OJHOYACHUM 3aJly4YE€HHSIM KUIBKOX YYaCHHKIB OCBITHBOTO IPOLIECY HaBIiTh y
BIIAJICHOMY DEXHMI YCyBa€ MOMIJIMBI PO3pUBU KOMYHIKAllii, Ja€ 3MOTry BiJCTEXyBaTu mepeoir
BUKOHAHHS 3aB/IaHb, KOPHTYBAaTH IX y PEXHMi pEaTbHOTO 4Yacy. Tako Iie TOJIETIIY€e TOCTYM O
BUKOHYBAaHOT POOOTH Ta 3a0INaKye 4Yac, IO J03BOJSE OUIBII palliOHAIBbHO OPraHi30BYBaTH CBOIO
nisuibHICTh. IlepeBipuTu 3HaHHS 3100yBaviB BUILOI OCBITM MOXKHA 3a JIOTIOMOIOI0 TE€CTyBaHHS a0o
OHJIAMH-BIKTOPHH, JJISI YOTO BHUKJIAJadl BUKOPUCTOBYIOTh Google-popmy, Tectu Ha KSU online abo,
Hanpukian, Kahoot, mo € nHabmmkeHuM 10 irpoBoi ¢Gopmu. BukopucTaHHS Ha3BaHMX Ta IHIINX
(yHKIIIOHaTbHO MOAIOHUX CEpPBICIB 32 OCTAHHI POKH CTajO BXKE 3BUYHHUM 1 TaKUM, IO JOBOIUTH CBOI
MepeBard y peXuMi CHUHXPOHHOTO HAaBYAaHHS, POOUTH KOMYHIKAIlll0 31 3700yBadyaMu OCBITH
€(heKTUBHOIO i MOTUBYE iX 10 aKTUBHOI HABYAIBHOI JisSTILHOCTI.

Jlopeunum Oyzae 3rajgatd i Ipo MOXJIMBOCTI 3alpOBa/KEHHS IITYYHOTO 1HTENIEKTY Y MPAKTUKY
BukiananHs 3BO. XepcoHChkuil JAep)kaBHUI YHIBEPCUTET OJHHUM 13 TEpIIUX PpErIaMeHTyBaB
BUKOPUCTAHHS IITYYHOTO 1HTEJIEKTY B HABYAaHHI, BUKJIAJAaHHI U JIOCIIJDKEHHSX (CXBaJ€HO BYEHOIO
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panoro 29 uepBus 2023 p.). «3arajipHi MOMITUKA BUKOPHCTAHHS IITYYHOTO IHTENIEKTY B HaBYaHHI,
BUKJIAJIaHHI W JTOCIIPKEHHSIX XEpPCOHCHKOTO JIEP)KABHOTO YHIBEPCUTETY» PO3KPHUBAIOTH OCHOBHI
MO3MIlii, 30KpemMa Iocapiii, HopMaTuBHy 0a3y, Mozesb Cy0’€KTHOT B3a€EMOIi1 BUKIIaa4a, 3100yBaya Ta
IITYYHOTO IHTEJIEKTY, BHOKPEMJICHO €THKY BUKOPHCTAaHHS TEHEPAaTHBHHUX IUIATGOPM INTYYHOTO
iaTenekry [16]. Ha cboromHi BUKIaga4di akTHBHO BKJIFOYAIOTHCS B MPOIIEC OMAHYBAHHS IHCTPYMEHTAMU
Ta TargopM MTy4dHOro iHTenekry. O3HadeHi 3acoOM mepeayciM chnpsMoBaHi Ha (HOpPMYBaHHS
MOTHBAIIi] TOCSITHEHHS yCIixXy 37100yBauiB BUIIOT OCBITH Y HABYaHHI.

BucHOoBKH Ta mNepCcHeKTHBH MNOAAJBIINX JOCTiIKeHb. MoTHBAIliliHI JeTepMiHAHTH
HABYAJLHOI JISIILHOCTI € 0a30BUMHM YMHHUKAMHU TOJANIBIIOI €EeKTUBHOI pearizaiii 1HAUBiIyaIbHOT
TpaekTopii MailOyTHROTO TieAarora. BoHHW, mops i3 KOTHITUBHUMH Ta OCOOHMCTICHHUMH (haKTOpamH,
BIJIITparoTh BU3HAYAJIbHY POJIb Yy mpoueci npodeciiHoi MmiAroToBKM 3700yBadiB BHIOI OCBITH, IIO
BiIOyBa€eThCs, 30KpeMa, B iH(doOpMariitHO-IMPpoBOMYy OCBITHbOMY cepeaoBuil. Cucrema 1ux
YMHHUKIB JUHAMIYHA 1 JJOMyCKae MOKIIMBICTD LIIECTIPSIMOBAHOTO HA HET BIUTUBY 3 METOIO ONTHMIi3allii.
VY mopanemiiii poOoTi OyayTh OOIPYHTOBaHI MEJAroTiYHO MOIIBHI 3acO0M OpraHi3aiii mi3HaBaJIbHOL
TiSUTPHOCTI 3100yBaviB BUIIOT OCBITH B YMOBAX JUCTAHIIHHOTO HABYAHHSI.
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MEANS OF INFLUENCE ON THE MOTIVATION SPHERE OF HIGHER
EDUCATION ACQUISITIONS IN CONDITIONS OF SYNCHRONOUS EDUCATION

In the modern educational paradigm oriented towards the satisfaction of individual requests,
the problems of professional formation of future specialists acquire special importance. Social
problems, wartime force educators to constantly improve their practical professional skills. Many
institutions switched to a distance learning format, and this led to the need to improve work skills with
the use of innovative teaching technologies. This has both positive and negative components. The
definition and substantiation of means of active learning in the mode of synchronous (asynchronous)
learning, which teachers successfully cope with, can be attributed to the positive. However, in
connection with remote learning, there is a problem with motivation, the manifestation of
independence, and the formation of self-management qualities of higher education students. There is a
problem of a positive influence on the motivational sphere of a modern student, which ensures his
success both in studies and success in future professional activities. Means of motivation for success
should be didactically and methodically coordinated with the needs and individual qualities of those
who study. Informatization, digitization of the educational process provides ample opportunities for
teachers' creativity. Modern IT technologies, especially cloud technologies, provide teachers with a
fairly convenient, free set of tools for activating the educational and cognitive activities of students,
including virtual whiteboards, multimedia presentations, tools for organizing group work, services for
creating tests, intelligence cards, supplemented and virtual reality. It should be noted that the quality of
information perception, motivation for activity increases when watching videos, listening to texts and
musical works. Motivation increases when the winners themselves take an active part in creating
drawings, multimedia presentations, etc. The influence on the development of the motivational sphere
of higher education seekers is complex and requires a lot of time and effort of teachers.

Key words: motivational sphere, distance learning, synchronous learning, perception of
information by students of higher education, means of influencing the development of the motivational
sphere of students of higher education.

Crarrs Hagiinuia no penakmii 02.01.2024
The article was received 02 January 2024

71


https://doi.org/10.36550/2415-7988-2022-1-207-288-295
https://www.kspu.edu/Legislation/strategy.aspx
https://www.kspu.edu/PublisherReader.aspx?newsId=17407#!/FileDownload.ashx/photo_2023-06-30_13-15-51.jpg?id=898ce729-ea89-4577-b6aa-47969d0a8cbe/0/
https://www.kspu.edu/PublisherReader.aspx?newsId=17407#!/FileDownload.ashx/photo_2023-06-30_13-15-51.jpg?id=898ce729-ea89-4577-b6aa-47969d0a8cbe/0/

ISSN 1998-6939. Information Technologies in Education. 2024. Ne 1 (55)

YK 004.415:004.738.5

€Brenii XoMeHKO

XepcoHcbKHil iep:KaBHUH YHIBepcuTeT, XepcoH, YKpaiHa
ORCID 0000-0002-5972-7410

CYYACHI METO/IH, MOJEJII TA ITPOI'PAMHI 34CObH
PEAJII3ALIII TA OIITUMI3AIIII CHCTEM 10T (INTERNET OF THINGS)

DOI 10.14308/ite000782

Y cmammi npeocmaeneno amaniz cydacHux memoois, Mmooelel ma IHCMPYMEeHmi8, o
BUKOPUCMOBYIOMbCA V  npoyeci cmeopenHs ma onmumizayii cucmem Inmepnemy peueti (loT).
Jlemanvho posenanymo pizHoMaHimms nioxoo0ie i NpocpamHux piuieHb, wo 8i000padicae OuHamiuHe
spocmanns vy cgepi asmomamusayii, AKIi aKMUBHO PO38UBAIOMbCA K NPOBIOHUMU MIHCHAPOOHUMU
IT-komnaniamu, maxumu sx Google, Apple ma Xiaomi, maxk i gimuusnsanumu gpipmamu, 30kpema AJAX,
i 3000y6aromeb nonyniapricme Ha punky. Y cmammi eucgimaeno eaxciugicms loT y pizuux acnexmax
CYYACHO20 HCUMMSA, GKII0YAIOUU eHepeoedheKmUusHicmy, 6esneky ma onmumizayilo OizHec-npoyecis.
Aemop axkyenmye ygazy Ha NOCMIUHOMY pO36UMK)Y MEXHON02IU, W0 B8I0KPUBAIOMb HOBI MONCIUBOCHI]
014 Kopucmyseadié ma cnpusioms HONINUWEHHIO AKOCMI iXHbo2o dcumms. Posensnymo makodc
inmeepayiio 1oT y pisni cghepu disnbHoCcmi, wo Modice npuzeecmu 00 3HAYHO20 NOZUMUBHO2O 6NIUBY HA
cycnitbemeo ma exoHomixy. OKpim moeo, y cmammi NOOAHO 02110 ICMOpii PO36UMK)Y HANPIMY
inmepHemy peuell, npeoCmMasieHo eBoaYilo ma KI4osi eixu y yiu eanysi. Pozensnymo makoo
CYYACHI KOMYHIKaYitHi mexHonoeii, ski € ocuoeorw 011 loT npucmpois. Aemop eusnauac 6a3086i
Kpumepii, AKUM HNOBUHHI GIONOBIOAMU CYYACHI HAOIUHI cucmemu, aHAni3youu ix i3 noausioy
epexmusnocmi, macwmaboeanocmi ma Oesnexu. Cmamms MaKo}C MICMUMb AHANI3 KLIbKOX
NONYNAPHUX 20MOBUX CUCMEMHUX pileHb, NPeOCMABIeHUX HA PUHKY. sl KOJCHO20 3 HUX HABEOEHO
Xapakmepucmuxu, nepeeazu, HeOONiKU ma YHIKAIbHi ocobrugocmi. Lle Odae mooxciugicms enuduie
3po3yMimu pisHOMAHIMHICMb OOCMYNHUX 8APIAHMI6 mMa 0ONoMazae y eubOpi 8i0noGioHoI cucmemu 6
3a1eHcHOCmi 8i0 IXHIX IHOUBIOyanbHUX nomped i 61dxcemy. Cmamms € KOPUCHUM PeCyPCoM OJis IMUX,
XMo ulykae oHosleHy ma eudepnny inghopmayiro npo cyuacui cucmemu loT ma ix enposaddwcenns.

Knwuogi cnosa: Internet of Things, memoou Kepyganus npucmposamu, 3acoou asmomamusayii,
cucmemu agmomamuzayii

Beryn. Po3po6iennto Ta BnpoBapkeHHio 10T Ha 1eit uac npucBsiueHo 6arato mpaib i HayKOBUX
PO3pO0OK. AKTYaJIbHICTh II€] TEMATUKHU € BEIBMH BUPA3HOIO 1 MOIMYJISIPHOIO B Cy4YacHOMY M (poBOMY
CBIT1, OCKUIBKH TEXHOJIOTTYHHH IMPOIEC CTPIMKO PO3BUBAETHCS, SK HIKOIU TPaHCHOPMYIOUH HaIlle
noBcskAeHHe KHUTTA. Po3ymui Oynuuku Ta IoT cTaroTh He TUIBKM peanbHICTIO, ajie i Ba)KIJIMBOIO
YaCTUHOIO KOHIICTIIIT «p0o3yMHOTO MicTay. L{s KoHIIemnist iHTeprpeTyBaiacs y OUIbIIOCTI cep HAoro
KUTTS: BIIaCHA Ocels, Oi3HEC, MEeIUIIMHA, CUCTEeMHU OXOPOHM, MapKeTHHTY # iHmI cdepu. BogHouac
CHUCTEMHU HE JIMIIE 3a0€3MeUYI0Th 3PYUHICTh 1 KOMGBOPT KUTTS, aje i MOKYTh BUPINIYBAaTH MPOOIEeMHU
CTaJIOTO PO3BHUTKY, €HEProe(eKTUBHOCTI Ta Oe3meKku. 3a OCTaHHI JECATUIITTS PO3BUTOK TEXHOIOTIN
3HAYHO BIUIMHYB Ha CTaBJICHHS JIIOJCTBA JI0 TEXHOJIOT1H, CTBOPIOIOYM HOB1 TEXHOJIOTIYHI MPUCTPOI Ta
MOKPAIIYIOUH JIOBOJI CTapi Ta 3BUYHI IPUCTPOT HOBUMH (DYHKIIISIMH.

3apa3 icHye O0e3liu TPHUCTPOiB, 3 SKAMH MOXXHA B3a€EMOMISIMH TI03a MEXaMmMu OyIuHKY,
BUKOpPHUCTOBYIOuM numie TtenedoH. Lleil acmekr npuHIC y JKHUTTS JIOACTBA THYYKICTh BiTHOCHO
BUKOPUCTAHHS BIACHOTO Yacy, a/IKe 10CTaTHbO JIMILE pa3 aBTOMAaTU3yBaTH CBOi Oy/leHH1 MpoliecH, 100
y Mail0yTHOMY HE BUTpavaTH Ha pyTUHHY poOOTYy cBiii yac abo He nepeiimarucs npo 6e3neKy BIacHO1
oceni. Came mel komdopT, SIKUA BHOCATH CydYacHI TEXHOJOTIi y HaIle J>XWUTTA, 3pOOMIIO iX
nonyasipHuMHu. Ha cborofni Oyab-sKMi KOpUCTYyBad MOKe Migioparu coOi cuctemy Uit BUPIILICHHS
CBOIX 3a/1a4 HE3aJIKHO BiJl pO3MIpIB MPUMIIIEHHS (BiacHa OymiBiisi a00 BEJWKE MiIIPUEMCTBO), TakK 1

‘ @ (D) Esreniii Xovenxo
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32 (hiHAHCOBUMH MOMKJIMBOCTSMH. 3aBISKH LIbOMY CBIT CTa€ OUIbII 3B’S3aHUM 3apPOBAHKEHHSIM
«PO3yMHUX KOHIIEIIIIY», TPEICTABHUKAMHU SKUX € IHTEPHET peueii Ta «po3yMHu» OyauHOK [1].

VYpaxoByIoun MIMPOKE PO3MOBCIOMKEHHS Ta BaXIIMBICTh PO3BUTKY TEXHOJIOTIH [HTEpHETY pedeit
(IoT) y cydacHOMY CBiTi, OCHOBHOIO METOIO IIOTO OIVISAY € HaJaHHS BCEOIYHOTO aHalli3y Cy4yacHUX
METO/IiB, MOJIeJICH Ta 1HCTPYMEHTIB, SIKi BUKOPHCTOBYIOThCS Y CTBOpeHHI Ta ontumizanii loT-cucrem.
Ile Bxmrovae mociimxeHHs TOro, sk [0T Tpancdopmye pi3HI aCEKTH HAIIOTO XKUTTS (BiJl OCOOMCTUX
MPOCTOPIiB 10 Oi3HEC-CepeOBUII) Ta BIUIMBAE€ HAa KIIOUOBI cepH, Taki SK eHEeproe(eKTUBHICTH,
Oesreka Ta cTamuid po3BUTOK. OmIs TaKOK MOKIMKAHWUW MpoaHai3yBaTH TEHJICHIT 1 HampsMu
po3Butky loT, BKkiIrOYaroum BapiaTHBHICT 1 JIOCTYMHICTh TEXHIYHHMX PpIIIEHb ISl PI3HUX
KOPHUCTYBallbKUX TOTPeO, 3 METOI HaJlaHHS TIIMOOKOTO PO3YyMIiHHS MOTEHIlaTy WX TEXHOJOTIH Ta
iXHBOTO MallOyTHHOTO PO3BUTKY.

Buknan ocHoBHOro marepiajy. 3a pesyabTaTaMu J0CiKeHHS kommaHii Cisco BU3HAYaEMO,
0 MacoBuid nepexin 1o «[HrepHeTy pedein» BinOyBces mixk 2008 1 2009 pokamu. 3 IbOTO Yacy MOXKHA
CTBEP/KYBaTH, IO KUTBKICTh MPUCTPOIB, K1 3’€THAHI 3 TNIOOATHHOIO MEPEKEI0 [HTepHET, mepeBUIITIIA
KUTbKICTh HaceneHHs 3emii [2]. Ha ocHoBi craructuunoro Bedcaity B 2015 porti gepes mepexy Oyio
migkaroueHo moHan 15 mimespaie npuctpoiB [oT [3]. ¥V 2020 pormi ouikyBajocsi BABIYI OiibIme
KUIbKOCTI, mo mnepeBuirye 30 MimbapaiB mnpuctpoiB loT. 3arampHuii puHok mnpuctpoiB loT
xorryBarume monay 1 minesipa nonapis CILIA Ha pik [4].

Cyvacauit miaxin no Iarepuery pedeit (IoT) € momyasspHUM 1 IIMPOKO BUKOPHUCTOBYETHCS B
pi3HUX Tamy3sX, TaKUX SK MEAHWIMHA, TOCITYTH, JIOMAIIHS aBTOMAaTH3allis, TOTeNbHUI Oi3HEeC Ta
oxoponHi ciyx0u. Konnerist Internet of Things BuHuKNa sIK pe3yabTaT pO3BUTKY Ta PO3IIUPEHHS 11ei
«Po3ymMHOTO OYITHHKY».

Po3yMH1 OyIMHKY € raixy3310 MOBCIOAHUX 00YHCIIEHb, 110 Nependadae BKIIOUEHHS PO3YMHOCTI B
TIOMEIITKaHHS I 3a0e3neueHHsT KoM(OopTy, OXOPOHH 30POB’sl, OE3MEKN Ta €HEPro3aoIiaKeHH [S].
ODYHKIIOHATBFHO CHCTEMa IIOB’A3y€ MDK COOOI BCI €IEKTPONpPHIATU OyIiBili, BHKOPHUCTOBYIOUH
TEJICKOMYHIKAIliifHI Ta BEOTEXHOJIOTii, 0 HAJa€ MOXJIMUBICTh KEPYyBaTH LEHTPAII30BAHO CHCTEMOIO
yepe3 iHTepHEeT. Po3ymHiI OyIMHKHM MPOMOHYIOTH Kpally SKICTh >KUTTS 3aBISKHU BIPOBAIKCHHIO
aBTOMAaTH30BAHOTO KOHTPOJIIO MPUIIA/IIB 1 TOTIOMI)KHUX MOCIYT, ONITUMI30BYIOTh KOM(OPT KOPUCTyBaya
3a JOMOMOTOI0 YCBIJIOMJIGHHSI KOHTEKCTY Ta MOMEpeAHbO BU3HaueHUX obOMmexeHb [6]. KopuctyBau
MOXKE KepyBaTh TOOYTOBOIO TEXHIKOIO Ta MPHUCTPOSMH BIIJAJCHO, IO JO3BOJISIE HoMy abo i
BUKOHYBaTH 3aBlaHHsA padime. CHCTeMH 30BHIIIHBOI PO3BIIKH, SKI 3MIMCHIOIOTH MOHITOPUHT
PO3YyMHHUX OyIMHKIB, 1HOJII ONITUMIi3YIOTh BUKOPHUCTAHHS €IEKTPOEHEprii foMorocmnonapersa [7].

PozButok TexHomorii «IaTepuer peuei» (IoT) npunanae Ha nanekuit 1950 pik, Koau B XKypHai
"Popular Mechanics" 3’sBunmacst crarts mig HazBoio "Push-Button Manor". ABTopom 11H0TO
IHHOBAIIMHOTO Miaxoay OyB aMEepUKAHCHKUN 1H)KEHEp, SKUH BHUPIIIUB 3pOOUTH CBiil OYIMHOK TiHCHO
«po3yMHUM». BiH 00nasHaB KOXHY KiMHATy O€37i44I0 €JIeKTPUYHUX HMPUCTPOIB 1 BCTAHOBUB KHOIIKU
Ui 1X KepyBaHHsS. 3aBASKM LIMM KHOMKAM BiH 3MII' JUCTAaHUIHHO BMHUKAaTH Ta BUMMKATU paio,
BITUMHATH JBepl rapaxka i KepyBaTH IHIIUMH MPHUCTPOsSMH y OyauHKy. OpHaK HaHIliKaBilIOH
YaCTUHOIO Oyila aBTOMAaTHU30BaHa CHCTEMa CUTHai3allii, siky BiH BOyayBaB y OyaMHOK, 3a0e3meuyroun
fioro He nuiie (QyHKIIOHAIBHICTIO, ajleé i BUCOKMM piBHeM Oesneku. Jlns peamnizamii bOro MpoOEKTY
IH)KEHEp BUKOPHUCTAB TOHAA 2 KiUTOMeTpu Kabemto. BakiamBo Bii3HAuMTH, MO BCl Il Kabem Ta
MIPOMIXKHI MPHUCTPOi OyJIn BIIMIHHO MPUXOBaHI B CTIHAX Ta MiJU1031 OYIUHKY, IO POOMIIO II0 CUCTEMY
HE JIMIIe EPEOBOI0 AJIs CBOTO Yacy, a i BU3HAUYHOIO TOYKOIO B icTOpii po3BUTKY PozymHOro Oynuuky
ta [oT [8].

Haii3naunimi eranu po3BuTky texHousorii “Internet of Things” oxormorots mepion i3 1960
POKIB IO ChOTONIEHHS. AKTHBHMU PO3BUTOK TexHoJorii BimOyBaBcs B Mexax 2000-2010 pokis [9].
[HTEpHET peuelt aKTMBHO BHKOPHUCTOBYETHCS B KO)KHOMY CETMEHTI cepH MiSIBHOCTI JIFOMUHUA —
MIPOMHCIIOBICTH, Oi3HEC, OXOPOHA 3/10pOB’ s, CIIOKMBYI TOBAapH Ta iHie [4].
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OcHoBHMMH KpuUTepisiMu 1S cucteM «[HTepHeT peueii» € :
1. Jleckicmv ynpaeninna ma inmeepayis. CuctemMa NOBUHHA OyTH JIETKOIO y BHUKOPHCTAaHHI,
3pYYHOIO JJIs1 KOPUCTYBaua 1 3aTHOI0 IHTETPYBAaTHUCS 3 IHIIUMHU MPUCTPOSMHU Ta CUCTEMaMH.
2. besnexa. 3abe3nedeHHs BUCOKOTO PiBHS OE3IEKH IS BAIIMX JAaHHX 1 (DI3UYHOTO MPUMIIICHHS.
Ile Moke BKJIFOYaTH CHCTEMH BiJIEOCTIOCTEPEKECHHS, CUTHAIII3AIT Ta 3aXUCT BiJ] HECAHKIIIOHOBAHOTO
JOCTYILY.
3. Enepeoeghexmusnicmos. MoxnuBicTh €()eKTUBHOTO YIPABIIHHS €HEPrOCIOXKUBAHHAM, y TaKUH
croci0 3a0e3neuyroun ONTUMaIbHy €Heproe)eKTUBHICTh OyIUHKY.
4. Aemomamu3zayis ma cyeuapii. 3AaTHICTh MPOTpaMyBaTH Pi3HI CIEHApii JJIsS aBTOMATH3aIil
PYTHHHHX omeparliii abo mosii y OyauHKYy.
5. Cymicnicmv 3 npucmposimu. MOXIUBICTh B3a€MOII Ta CyMICHOCTI 3 PI3HUMH PO3YMHHUMH
npucTpossMu Ta matdopmamu [10].
6. Macwmabosanicms. 30aTHICTH PO3IMIUPEHHS Ta aIaNTaIlii CACTEMH BiIMOBIIHO J0 3MiH MOTPEO
KOpHUCTYBaya.
7. Jocmynuicme inghopmayii. 3a0e3MeUeHHs 3pyYHOTO JOCTYIY 10 iH(opMalii mpo CTaH CHCTEMHU
Ta BIIJIaJICHOTO YIIPaBJIiHHSA Yepe3 MOOUIbHI 10MaTKH a00 1HTEPHET.
8. Bapmicmov ingppacmpyxkmypu. YpaxyBaHHS BUTpPAT Ha BCTAHOBIEHHS Ta OOCITYTOBYBAaHHS
CHUCTEMH, 30KpeMa BapTOCTI pO3yMHHUX MPUCTPOIB Ta IXHBKOI IHPPACTPYKTYPH.
9. Ilpusamuicmu i Oani. 3aXUCT OCOOMCTUX JAAHUX Ta 3a0€3MEUCHHS MPUBATHOCTI KOPUCTYBaya y
MpolLeci BUKOPUCTAHHS CUCTEMH.
10.  Iliompumxa cyuachux i 0eKilbKOX npomoKonig 38 53Ky ooHouacHo. KoMOIHYBaHHS TEKIIBKOX
MPOTOKOJIIB 3B’ 513Ky HaJa€ MOXKJIIMBICTh 00paTH OUIBIN MOIIIBHI Ta €KOHOMIYHO BUTIAHI MPUCTPOT IS
pO3B’s3aHHs MMOCTaBJIEeHUX 3aja4 [11].

3B’s130K Mk TpucTposiMd B 10T 37iHCHIOETBCS 32 JOMIOMOTOIO MPOBITHUX Ta OE3MPOBIAHUX
npotokomiB. IIporokon — me HaOip mHpaBui, sKi JO3BOJSIOTH HPUCTPOSIM MEpeXi BCTAaHOBUTH
3aXMINEHUNA Ta HAIIWHWKA 3B 30K JJI1 OOMIHY JaHUMH. BIIBIIICTH MPUCTPOIB y «PO3YMHUX JOMaX)
BUKOPHCTOBYIOTh O€3MpOBigHI 3’€HAHHS, OCKUIBKM BOHU € 3pYYHIIIMMH JJs [EPeciyHOro
KOpHCTyBada, ajie¢ MPOBIAHI MIIKIIOYEHHS € OUIbIl IBUAKAMH Ta HamiiHuMmu [12]. Ha puc. 1
300pak€HO CyyacHI MPOTOKONU 3B’SI3KY, SKI BUKOPUCTOBYIOThCS B mpuctposx loT. Koxen i3
MPOTOKOJIIB Ma€ sIK CBOi MepeBard, TakK 1 HEIONIKH, TOMY KOPHUCTyBadyy HEOOXIJHO Ha IOYaTKy
O3HAWOMUTHUCS 3 HUMH, 1100 MOOyAyBaTu CBOIO CHUCTEMY, HAHOIIbIl €(PEKTHBHO BHUKOPHCTOBYIOUH
nepeBaru KOXKHOTO B 3aJIEKHOCTI BiJ (akTopiB. Y CydacHMH Yac aKTUBHO BHKOPHCTOBYIOTHCS
0e31poTOBI KOMYHIKalliifHi TexHomorii, Taki sk: Wi-Fi [13], Zigbee [14], Bluetooth Low Energy (BLE)
[15], Thread, Matter [16]. Cy4acHi CUCTEMHU B3aEMOJIIOTH HE JIMIIE 3 JIOKAJTBHUMHU MEpexamu, a 1
I00aNbHUMH TSI B32€EMOJIT 3 KOPUCTYBa4eM 1032 OyIMHKOM 1 BiJICTEKEHHS HOTO MICIICTIONI0KEHHS
JUTs BUKOHAHHS TeBHUX aBromarm3aiiid. Jlo mux mporokoniB Hamexars GPRS, 3G, 4G ta 5G [17].
Benukoro mOmymsApHICTIO BHACHIJOK HAJIMHOCTI Ta BHUCOKOI IIBUAKOCTI KOPUCTYIOTBHCS PIIIEHHS
MPUCTPOIB, IO BUKOPUCTOBYIOTH I MiAKIFOUeHHS Mepexky Ethernet. J[ist mpucTpoiB, 1Mo MpaIoOTh
Ha 1H(pPaYepBOHIN YACTOTi, A1 BiAAATIEHOTO KOHTPOJIO OyJa0 po3poOIEHO MPHUCTPOi, IO KEePYIOTh
TaKUMHU TPUCTPOSMH Ta B3AEMOJIIOTh 13 CHCTEMOIO 3a JOMOMOTOI0 1HIIMX KOMYHIKAI[IHHUX
TEXHOJIOT1i, TakuXx sk Zigbee abo WiFi [18].
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KOMYHIKALLIAHI TEXHOJOT1 & loT CEPE1OBMLLI]

Mo6anbHa NokanbHa .

GPRS 802.11a 3.0 1.0
4G 802.11b 4.0 2.0
5G 802.11g 5.0 3.0

802.11n

Ethernet

Puc. 1. Komynixayitini mexuonoeii 6 loT cepedosuuwyi

Cuctemu Internet of Things Bke mmupoko Bigomi Ta no0Ope 3apeKkomMeHayBainu cebe. Sk
Haci10K, npoBiaHi [T-komnanii Bupimmam 3aiiHsaTu 1o cdepy. o Takux komnaHii Hanexars Apple,
Google, Amazon, Xiaomi Ta iHui. 3a OLIHKAaMH, Ha ChOTO/IHI JIMILIE B HAIIK KpaiHi Ai€ MpUOIU3HO
COTHsI KOMIIaHIM, SIK1 CIEHIai3yIOThCsl HAa CTBOPEHHI MPOEKTIB JJIs aBTOMATHU3allli Ta 3a0e3neueHHs
O6e3nekn OyauHkiB. OnHaK BaXJIMBO BIJ3HAYMUTH, II0 Ha YKpPaiHCbKOMY pPHHKY HEpEBaKHO
BUKOPHUCTOBYETbCSI IMIIOPTHE 00JaJAHaHHA AJis 30y/ll0BaHMX cuUCTeM. BapTicTh ynpoBaJKEHHs Takoi
CHCTEMH MOXKe NOYMHATUCSA BifA 2-3 THcAY €Bpo [19]. Takuii piBeHb iHTEpeCY Ta pO3BUTKY BifoOpakae
BaXUJIMBICTH 1 MOMYNApHICTH 10T y cydacHOMY XKUTTI.

Ha punky npezacraBieHo Oe3li4 TOTOBUX CHCTEM [UIs CTBOPEHHS CBO€l CHUCTEMHU JUIs
BUPILIEHHS NTOTPed KopUCTyBaya:

MiHome

Honaroxk MiHome (puc. 2) € odimiiiaum moOinbHuM 3acTocyHkoMm [20] Bin Kwuraiicbkoi
koMmanii Xiaomi, CIpsIMOBaHMM Ha 3a0e3MeueHHs] KOHTPOJIO Ta YHPABIIHHSA IXHIMH PO3yMHHUMHU
npuctposiMu Jisi aomy. lle mporpamue 3a0e3rneueHHsT po3poOieHe A CIPOIIEHHS B3aeMOiil 3
IIMPOKHM CIIEKTPOM PpO3YMHHX TMPHCTPOiB Xiaomi Ta IHIIMX NPUCTPOIB, SKI BHKOPHUCTOBYIOTH
CTaHAapTH KOMYHIKallii, po3po0IIeHi 1i€l0 KOMITaHIEIO.

Y poGoTi 3 CHUCTEeMOI0 MOXYTh BHHHMKATH IPOOJIEMH, TOB’S3aHI 3 MPUB’S3KOI0 TEBHUX
MPUCTPOIB A0 TEBHOTO PETIOHY, SKI HE 3aBXAM MOXKINBO BuUpimmTU. CHCTeMa Ma€e ToJI0COBOTO
MOMIYHMKA, ajie BiH TpAIfO€ JIMIIE B NMPHUCTPOSX, MpU3HauYeHHX s Kutaro, Ta MiATpUMYE JIUIIE
KHUTalicbKy MOBY. [HTerpailisi B iHIII MOMYNIAPHI CUCTEMH — oOMexkeHa, ko B Google Home nomatu
npuctpoi € MoxiuBictb, To B HomeKit moxumBicTs BincyTHsa. [lomymspHIiCTh IBOTO pilleHHS
3yMOBJIEHa HU3BKOIO 1IHOIO CTApPTOBOTO HAOOPY Ta BEMUKOIO KUIBKICTIO CEPBEPIB y BChOMY CBiTi [21].
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Smart home }

# Bedroom 10:30am Someons passed
& The air guality is good.
A The door has opsned more than 1min More >

My devices Xiaomi Alr Purifier 2

Door Bell F Outlet R
- 46

08:30 ks o

Daor Senser He Cailing fight ([IRESE

@ o

Adtamatlc Favorite

23:28

Robovac R Air purifier  Roow More operations

Puc. 2. Jlooamox «MiHomey 6i0 xomnanii Xiaomi

Ilepesacu ma neooniku MiHome

ITepeBaru cucremu:
° HIupokuii acOpTUMEHT MPHUCTPOiB: Xiaomi MPOMOHYE PI3HOMAHITTA PO3YMHHX IPHCTPOIB,
BKJIIOYAIOYX OCBITJICHHS, KAMEPH, JaTYUKH, PO3ETKH TOILO.
° JoctymHa BapTicTh: 0araTo NPHUCTPOiB Xiaomi MPUBAOIIOIOTH CIOXKHUBAYIB JIOCTYITHOIO
I[IHOBOIO MOJIITUKOIO TIOPIBHSHO 3 IHIIUMU OpeHIaMH.
° IHTerpamis 3 IHIMMM €KOCHCTEMaMM: MPOAYKLis Xiaomi MOXe IHTerpyBaTHCs 3 IHIIMMU
PO3YMHHMH eKocucTeMamu, Takumu sk Google Home ta Amazon Alexa, mo pobuth ii Oiibmn
YHIBEPCAJIbHOIO.
° Honatok MiHome: MiHome f103BoJisie 3py4HO KepyBaTH BciMa MPUCTPOSIMU B OJTHOMY JTOJIATKY,
Ha/la€ MOXJIMBICTh HaJlalITyBaHb Ta CLiEHapii aBTOMAaru3allii, a TaKOX AUTUTHCS CBOEIO CHCTEMOIO 3
IHITUMU KOPUCTYBauYaMH.

° InHOBamii Ta mocriiiHe OHOBIIEHHS: Xiaomi BioMa CBOIMH IHHOBalliHHUMHU PIIMICHHSIMH Ta
CHCTEMHUMH OHOBJICHHSIMH, SIKi MOXKYTh ITOKpAIIlyBaTH (DYHKI[IOHAJ IPUCTPOIB.
° [TinTpuMKa IeKkiTbKOX MPOTOKOIMIB 3B’ 513Ky — Bluetooth, Zigbee Ta WiFI.
o YacTkoBa 3aJICKHICTh BiJ IHTEPHET-MIJIKIIOUCHHS 3aBASKH PEKUMY TNPSAMOro OIHAMHTY Ta

JIOKAJIbHUX aBTOMAaTH3aMil.

Henoniku cucremu:
o OOMexeHa JToKami3alis JesSKUX MPUCTPOIB: AesAKl MPUCTPoi Xiaomi MOXKYTh MaTu OOMEXEHY
JoKamizamnito abo MATPUMKY, M0 MOXKe OyTH TpoOIeMOro JUIsi KOPUCTYBAadiB 1032 KIFOYOBHMH
PUHKAMH, 1110 YHEMOKJIMBIIIOE BUKOPUCTAHHS IPUCTPOIB 11032 30HOIO IX pErioHy.

° [Ipobnemu 3 Oe3mekoro: sIK 1 3 Oyab-SKHUMH MiJKIIOUYEHUMH J0 Mepexi pimeHHsmu [oT,
ICHYIOTh IUTAHHS 1OA0 Oe3MeK: Ta KOH(1IEHIIIHOCT] TaHHX.
o 3aNeXHICTh BiJ XMapHUX CEpBICIB: AedKi (YHKLII Ta B3a€MOAIs NPUCTPOIB MOXKYTh BUMaratu

JOCTYIl 70 XMapHHX CepBiCiB, IO MOXE NPU3BECTH 1O OOMEXEHb y BHUMIAJAKY BIJICYTHOCTI
InTepHeT-3’€HAHHA.

° MoxJMBiCTh KOH(MITIKTIB 3 IHITUMHE MPUCTPOSMU: TIPHU BUKOPUCTAHHI PI3HUX OPEHIIB PO3YMHUX
MPUCTPOIB MOXKYTh BUHUKATH MTPOOJIEMH 13 CYMICHICTIO Ta IHTETrpaLli€lo.
° HasiBHa KOJIOHKa 3 TOJIOCOBMM acCHCTEHTOM JIOCTyIHA jumie aias Kuraro i miaTpumye smime

KUTANCbKY MOBY.
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Apple HomeKit

Honatok Apple HomeKit € texHomoriunoro miardopmoro [22], mo sSBiase OO0 KOMIUICKCHY
TEXHOJIOTIYHY E€KOCHUCTeMY, SKa HaJa€ MOXJIMBOCTI JUIsI CTBOPEHHS PpO3YMHOTrO OyIWHKY,
BukopuctoBytoun mnpuctpoi loT. Sk 3ameBHsie KommaHisi, TEXHOJOTI0 3aCHOBAHO Ha MPHUHIIMIIAX
igHoBaniil. Exocucrema Big Apple mpomoHye iHTErpoBaHe YIPaBIiHHS PO3YMHHMH TPUCTPOSMHU Ta
B3aEMOJIII0 3 E€JICKTPOHIKOIO B JIOMi, BUTOTOBJICHOIO BIJMOBIIHO /0 BUCOKHMX CTAaHJAPTIB KOMIIaHIii, 1
Ha/la€ KOPHCTYBady IIMPOKI MOXKJIMBOCTI MpPU BHUKOPUCTAHHI IHIIUX MPHUCTPOIB 3 IX EKOCHUCTEMHU.
Cucrema BUPI3HIETbCS BHKOPUCTAHHSAM MEXaHI3MIB O€3IMeKH, Takux sK mudpyBaHHI Ta
ayTeHTH]IKAIs, A7 32a0€3MeUeHHS 3aXUIICHOTO OOMiHY JaHWMHU MK MPUCTPOSIMH Ta ILIATGOPMOIO.
OnHuM 13 HAWTOJIOBHINIMX KPUTEPIiB € MATPUMKA TOJOCOBOTO acHCTEeHTa — Siri. 3a J0MOMOTror
TOJIOCOBOTO aCUCTEHTAa MOXKHA KEepPYBaTH IHIIMMHM MPUCTPOSMHU B JOMi, OTpUMYBATH iH(OpMAIIiIO PO
CTaH MpUJIAAIB B OCEJl Ta 3MIHIOBATH iX CTaH 3a jgomomMororo royocy [23]. HomeKit Mae MoXIUBICTD
JI0IaBaTH y CBOIO CHCTEMY HPUCTPOI 1HIIMX BUPOOHMKIB, SIKIIO BUPOOHUK 3pobuB ix I3 cymicHe 3
JTAaHOIO CHCTEMOIO.

Ilepesacu ma neoonixu HomeKit.

ITepeBaru cucremu:

° HomeKit rapMoHiliHO BIHUCY€ThCS B eKocucteMy Apple, 3a0e3neuyroun MoBHY CyMICHICTb i3
npuctposimu iPhone, iPad, Apple Watch ta Mac.
° [TnaTdopma akiieHTye Ha BUCOKOMY pPiBHI O€3IMEKH Ta 3aXUCTy MPUBATHOCTI, BUKOPUCTOBYIOUH
edpexTrBHE MMU(PYBaHHS Ta ayTEHTU(IKAIIIFO.
° 3abe3neuye 3py4yHE TrOJIOCOBE YIPABIIHHA 3a JOINOMOTOI0 OCOOMCTOro acucreHTa Siri, II0
JI0/1a€ BUCOKUH piBEHb IHTEPAKTUBHOCTI Ta 3pYYHOCTI KOPUCTYBAHHSI.
° Bin3HauaeTbcs pO3IIMPEHOIO CHCTEMOIO aBTOMaTH3allii Ta CLeHapiiB, fKI MOXHa JErKo
MIporpaMyBaTy Ui ONTHMi3alii poOOTH pO3yMHHUX MPUCTPOIB.
° 3abe3nedye MOXIIMBICTh BIIJAJICHOTO KepyBaHHS pPO3yMHHM OyauHKOM uepes cepsic iCloud,
1110 J103BOJIsIE KOPUCTYBAa4aM 3/1MCHIOBATH KOHTPOJIb HaBITh 3/1aJIEKY.
° HasiBHa MOXJIMBICTB 1HTETpallii B CUCTEMY MPUCTPOIB CTOPOHHIX BUPOOHHUKIB.
° [TigTpumka npoTokoxy Matter.

Henonixu cucremu:
° HomeKit oOmexeHnnii BHOOpPOM CyMiCHHUX TNPHUCTPOiB, i BHPOOHMKH TOBHUHHI BIiJMOBiZaTH
cnenudikarism Apple, 1o Moxke 00MexxyBaTu BUOIP.
° Bapricte po3ymHuX npucTpoiB BiJ Apple BuIle, MOPIBHSIHO 3 KOHKYPEHTAMHM, IO MOXKE
CTBOpIOBATH 0ap’€p AJIsl BXOPKEHHSI HOBUX KOPUCTYBauiB.
° [ToBHMI QyHKIIOHAT TOCTYHUHN TUIBKU B TOMY BUIIAJKY, SIKIIIO KOPUCTYBau BKE BUKOPUCTOBYE
npoaykiiro Apple, o Moxe 0OMEXUTH MPUBAOIUBICTH IS THX, XTO BUOMpPAE 1HILT MapKu.
° HomeKit mpartoe edpektuBHO snmie B ekocucteMi Apple, 1110 MOXke yCKIIaJHIOBaTH 1HTErparito
3 IHIIUMH IIaTPOpMaMH.
° 3aneKHICTh BiJl IHTEPHET-TI1 AKITFOUEHHS.

Google Home

Honatok Google Home (puc. 3) € cucremoro, pospobneHoro kommaniero Google [24],
MPU3HAYEHOIO Ui BIPOBAHKEHHS KOHIENLii «po3ymMHOro OymuHKy». I[lnmardopma Oasyerbcst Ha
BUKOPHCTAHHI INTYYHOTO IHTENEKTY, TOJOCOBOTO KEpyBaHHS Ta MiAKIIOYCHHS 10 [HTepHeTy mist
CTBOPEHHS €(PEeKTUBHOI Ta 3pYYHOI CUCTEMHM YIPABIIHHSI PI3HOMAHITHUMH HPUCTPOSIMU Ta MOCIyraMu
B OCeJli KOpUCTyBaua. B3aeMomisiTh 3 CHUCTEMOIO KOPHUCTYBad MOXKE SIK 3a JIOMOMOTOK MOOUIBHOTO
JOJaTKy, TaK 1 3a JOMOMOTOI0 TOJIOCY, IO 3HAYHO TOJETIIye AOCBiA pobotu 3 cuctemor. Google
Home miaTpumye iHTErpariro 3 pi3HOMaHITHUMU PO3yMHUMH MPUCTPOSIMU Ta MIaTGopMaMu, Taki sSK
OCBITJICHHSI, TEPMOCTaTH, ayJio- Ta Bijeoamaparypa, 4epe3 MpPOTOKONU 3B’s3Ky, Taki sk Wi-Fi,
Bluetooth ta Matter [25]. Came 11 BiIKpHUTICTh Ta YHIBEPCATBHICTh MPUBAOIIOE KOPUCTYBAYIB 10 i€l
CHCTEMH.
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Bedroom lights Thermostat
'
68
Puc. 3. JlJooamok «Google Homey 6i0 komnanii Google

Ilepesaeu ma neooniku Google Home.

[TepeBaru cucremu:
° HasiBHICTB TONOCOBOTO KepyBaHHS Ta MOXJIMBICTh KEPYBAaTH MiAKIIOUEHUMHU MPHUCTPOSIMH Ta
OTPHUMYBATH 1HPOPMAIIIO 32 TOTIOMOTOI0 TOJIOCOBUX KOMAH]I.
° Google Home nerxo inTerpyerhcsi 3 ekocuctemoro Google, Bmoudatoun Google Assistant,
YouTube, Google Calendar Ta inmi cepgicu.
° € BenuKa KUTBKICTh MIATPUMYBaHHUX MPUCTPOIB 1 BUPOOHHUKIB, IO pOOUTH HOTO yHIBEPCAIbHUM
PILICHHSAM JUIS «PO3YMHOTO OYIHHKY».
° KopuctyBaui MOKyTh CTBOPIOBATH MEPCOHATI30BaHI CIIEHApil Ta PO3KIaaAM ISl aBTOMATH3AITl i
MEeBHUX i y BU3HAYEHUI yac.
° Cucrema BOJIOJi€ BUCOKHM PIBHEM pPO3Mi3HABaHHS TOJIOCY Ta MOXE aJanTyBaTHCS A0 PI3HUX
MOBHUX aKIICHTIB Ta CTHIIIB.
° MOXXJIMBICTD 1HTEIPYBAaTH B CUCTEMY MPHUCTPOI Ta CUCTEMH IHIIMX BUPOOHMKIB JUIsl KEPYBaHHS
TOJIOCOM.
° [TinTpuMmKa neKiapKoX MpoTokoiiB 3B’ 513Ky —WiFi, Zigbee Ta Matter.

Henoniku cucreMu:
° VY mnopiBasHHI 3 iHIMME cuctemMamu Google Home moxe OyTH MEHII THyYKHM y CTBOPEHHI

CKJIQJIHUX aBTOMATH30BaHMX CIIEHApiiB, II0 MO)KE HETAaTWBHO BIUIMHYTH HA MOXIIUBICTH TOKPHTTS
norped KopHucTyBaya.

° BuKOpUCTaHHS TOJIOCOBOTO ACHCTEHTAa MOXE CTBOPIOBATHM MHUTAHHS II0J0 NPUBATHOCTI,
OCKUIBKH TPHCTPOI 3 TOIOCOBUM aCHCTEHTOM IOCTIHO HPAIOIOTh Ta ONPALbOBYIOTh 3BYK, III0 MOXKE
HETaTHBHO BIUIMHYTH Ha KOHQIACHUIWHICTD XKUTTA. [leski JaHi MOXyTh OyTH 3arucaHi Ta BUKOPHCTaH1
ISl CTBOPEHHS TIEPCOHATBHUX PEKIAMHUX ITPOMO3HUILIH.

° Jesiki mpucTpoi MOXKyTh He miarpumyBatu Google Home, 1o Moxke CTBOPUTH OOMEKEHHS ISt
KOPHUCTYBaUiB, AKi BK€ BOJIOIIIOTH KOHKPETHOIO TEXHOJOTIELO.
° Heski GyHKIii MOXXyTh OyTH HETOCTYMHUMHU O€3 CTaOUIHHOTO 1HTEPHET-3’€ITHAHHS, 110 MOXKE

OyTy po0IEeMOI0 Y BUIAJKY BiJKIIOUCHHS MEPEXKi.

AJAX

Homatok Ajax Security Systems (puc. 4) — cucrema, sIKy CTBOpPHJIA BHCOKOTEXHOJIOTIYHA
KOMIIaHisl, 10 CIeIiali3yeThCsl HA CTBOPEHHI Ta BUPOOHUITBI 1HTEIEKTYaIbHUX CUCTEM O€3MeKH IS
noMy Ta Oi3Hecy [26]. 3acHoBaHa B YkpaiHi, Ajax 37100yja BU3HAHHSA HA CBITOBOMY PUHKY 3aBISKU
CBOIM IEPEOBUM TEXHOJOTISIM Ta 3a0e3MeueHHI0 HAAIMHOro 3aXUCTy JUIsl KopucTyBadiB. Cucrema Ta
JaTYUKA MalOTh BHUCOKHMM PiBEHb HAIIHHOCTI BiJ] MOIIKOJKEHb, CIIPOO iX MIAMIHUTH a00 3anIyLIUTH 1
CHOBICTATh KOPUCTyBaua y Takux Bumajakax. CuctemMa Ha MOYaTKy Opi€HTyBajacs Ha OXOPOHHUM
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CEKTOp MpPHUMILICHb, aJle¢ 3 YacOM KOMIIAHisl pO3IIMpIOBajia CBiif aCOPTHMMEHT, CTBOPIOIOYM HOBI
MPUCTPOT, TaKl K pejie, PO3ETKH, KaMEepH, TaTYMKHA BOTHIO Ta quMy M iHm [27]. Ha momynspHICTh
CHCTEMH BIUIMBAE CKJIAJHICTh HAJAIITYBAaHHS CUCTEMH Ta BHcOKa LiHa — 9000 rpuBeHb 3a CTapTOBUIl
HaOlp, KU CKJIAJAa€ThbCs 31 MUITIO3a, TaTYMKa PyXy, JaTYMKa BIAKPHUTTS Ta Opelika CUTHami3allii, mo
3HAYHO JIOPOXKYE CTAPTOBUX HAOOPIB IHIIMX BUPOOHUKIB.

Kyngi ayman, 23
KyApALIOBa BynkuA, 16 KYAPRECHKS BYIMLA, 72 KyapRBceKish yasis, 53 p Kyap Bynuus, 47

Kyap: .40 Kyap 27 Kynpi synwus, 17 Kynpi synuus, 41

Kyapsecexa eynuus, 24 Kyapi synnus, 11 Kyap eynaun, 1{-

Kyap: .32 <y uis, Kyapnoc

KypAwosa synnus, 24 Kyape s, 88 Kyapracuxnh yasi, 66

Gluly ke n rlwlwalx

¢|/i s anponaxe

Puc. 4. Jlooamok «AJAX» 6i0 komnanii AJAX System

Ilepesacu ma neooniku AJAX.

IlepeBaru cucremu:
° Ajax BigoMa CBO€rO C(hOKYCOBaHICTIO Ha IHHOBAIisAX y cdepi Oesnexku. BoHn BIpoBamKyOTh
NepeaoBi TEXHOIOTI, TaKi sIK ABOCTOPOHHS Nepeada JaHuX, IH(pyBaHHS Ta aHTHCA00TaXKHI 3aXO0/TH.
° OnHi€l0 3 KIIOYOBUX TMepeBar € BUKOPUCTAaHHS O€3IpOTOBUX TEXHOJOTIH, M0 poOUTh
BCTAHOBJICHHS Ta HAJAIITYBaHHS CUCTEMHU AjaxX IMPOCTUM 1 €)eKTHUBHUM.
° IntyiTuBHUH 1 3py4Huil iHTepdeiic noaaTkiB A cMapTQOHIB J03BOJISE KOPUCTYyBa4aM JIETKO
KEepyBaTH CBOEI0 CHCTEMOIO Oe3neKH 3 Oyab-sIKOTO MiCIIsl.
° Ajax TpOIOHY€E PI3HOMAHITTS NPHUCTPOIB IS PI3HUX TOTPEO, BKIIOYAIOYM IATYUKH DPYXY,
BiJICOKaMepH, IaTYUKU BUTOKY a3y Ta 6araro iHIIMX.
° Cucrema BiJIoMa CBOE€IO HAJINHHICTIO, @ TAKOX MOMJIMBICTIO 1HTErpamii 3 IHIIMMH PO3YyMHUMH
cucreMami Ta miaardopmamu, Takumu sk Google Home ta Amazon Alexa.
° Ajax cHCTeMaTH4YHO HAJAa€ OHOBJIEHHA IPOTPAMHOIO 3a0e3ME4YeHHs JUIsl IiJBUILEHHS
e(heKTUBHOCTI Ta OE3MEeKN CHCTEMHU.

Henoniku cucremu:

° [Ipoayktu Ajax MarOTh JOBOJI BUCOKY LIHY Yy HOpPIBHSHHI 3 IHIIMMHM CHCTEMaMH, IO MOXE
OyTu CTpUMYBaJIbHUM (AKTOPOM IS JESIKUX KOPUCTYBaUiB.

° Ockinpku  Oararo (yHKIIM TpaIoTh 4Yepe3 XMapHi CEepBICH, ICHY€E 3aJeKHICTh Bif
CTaOlIBHOTO IHTEPHET-3 €THAaHHS.

° Jlns HekBami(hiKOBaHMX KOPHUCTYBa4iB HANAIITYBAaHHS MOXKe OyTH CKIATHUMHU 1 HeoOXinHa Oyze
JI0IIOMOT'a CTIEIaJIiCTa.

° Bucoka cyMiCHICTh BITHOCHO BJIACHOI JIIHIMKM NPOAYKTIB AjaX Ta BHCOKUH piBEHb 3aXHCTY

YCKJIQJHIOE 1HTErPAIliio 3 IHIIUMHA BUPOOHUKAMH.

Tuya Smart

Honarox Tuya Smart (puc. 5) — cucrema, cTBopeHa kommnaniero Tuya Smart Inc [28], mio Hagae
IHTErpoBaHI Ta I1HHOBAIIMHI pIMIEHHS A CHOXHMBA4iB Ta O13HEC-CErMEHTIB, BHUKOPHUCTOBYIOUU
TexHoJorio «Po3ymuuit 6yanHok». TexHomnorii Ta miaxig cupsMOBaHUI Ha 3a0e3Me4eHHs e(PeKTUBHOT
1 3py4HOi aBTOMAarTu3allii piI3HOMaHITHUX MPUCTPOIB Y JAOMAIIHbOMY OTO4YeHHI. CHucTtema Mae 3pydHuit
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IHTYITUBHHH 1HTEpdeiic, MPUCTPOI IIi€1 CUCTEMH KOIITYIOTh 3HAYHO JCUIEBINE, [0 POOUTH II0 CUCTEMY
MPHUBAOIUBOI JUISI HOBUX KOpUCTyBauiB. OKpiM IIbOTO, TIEPEBArol0 € BUKOPHCTaHHS IPHCTPOIB 3
pizaumu nporokosnamu 3B’s3Ky — WiFIL, Bluetooth, Zigbee ta Matter. Ik Hacmigok, KOMIaHis Mae
Oe3IPOBIHI MPUCTPOI, AKI MpaIroTh Ha nmpoTtokosi WiFi i MaroTs mpobiiemu 3 eHeproeheKTHBHICTIO,
ajie KOUITYIOTh [eIIeBIIe, HIK aHAJOTiYHI HPUCTPOI 3 MPOTOKOJIOM 3B’si3Ky Zigbee abo Matter.
MokauBOCTI 1HTETpallii MpUCTPOIB B 1HII CUCTEMH JIOCUThH IIMPOKi: MOXKIIUBICTh JIOaTH MPUCTPOI B
HIII eKOCHCTEMHU Ta KepyBaTh HHMHU 3a JOIOMOTOI0 TOJIOCOBOTO MOMi4YHMKa Bif kommanii Google,
OKpIM IIbOTO, MPUCTPOT JIETKO IHTETPYIOTHCS 10 BJACHUX KOPUCTYyBambkux cepsepis [oT [29].

@9

'5'-'\‘3 Cloudy Raing cesicn

Puc. 5. JJooamox «Tuya Smarty 6i0 komnanii Tuya Smart Inc.

Ilepesacu ma neooniku Tuya Smart.

[TepeBaru cucremu:
° Tuya Smart mpomoHye IMUPOKUI aCOPTHMEHT PO3YMHHX MPHUCTPOIB, BKIIOUAIOUW JIAMIIH,
PO3ETKH, TEPMOCTATH, JATYUKH PyXy Ta iHIII, [0 HaJa€ KOPUCTyBayaM THYUYKICTh Y BUOOPI IPOIYKTiB
JUISL PO3YMHOTO OyIUHKY.

° Bupo6u, migrpumysani Tuya Smart, J5erko IiHTETpyIOTbCS 3 PI3HUMH TMONYJISPHUMHU
matrpopMaMu po3yMHOTO oMY, TakuMHu K Amazon Alexa, Google Assistant Ta Apple HomeKit.
° MoOGinpHuit pomatok Tuya Smart 103BoJIS€ KOpPHCTyBayaM BiJJIaJieHO KEpyBaTH CBOIMHU

PO3YMHUMHU TIPUCTPOSIMH, CTBOPIOBATH pPO3YMHI CIIEHapii Ta HaJalITOBYBaTH MapaMeTpu 3a
JIOTIOMOTOI0 3pYYHOTO 1HTEp(eCy.

° Tuya Smart npornoHye iHCTpYMEHTH AJisi PO3POOHHKIB, IO JO3BOJIIOTH IIBHIKO CTBOPIOBATH
Ta IHTETPYBaTH PO3YMHI MPUCTPOI BIATIOBIAHO JI0 BIIACHUX MOTPEO.
° KoMmnaHnist akTUBHO pPO3BUBAETHCS, MAIOYM IOOAIBHUH BIUIMB Ta MAapTHEPCHKI BITHOCHHU Y

0araTbOX perioHax CBiTYy.
Henoniku cucremu:

° Hesxi (yHKIIT MOXyTh OyTH 3aleXHi BiJg CTaOUIBHOTO I1HTEpHET-3’€IHAHHS, IO MOXe
BUKJIMKATU MPOOIEMH y pa3l BIAKIIOUEHHS.

° MoxxuBi po6aeMu 31 CTaOUTBHICTIO MIAKIIIOYEHHS MIXK JCSIKUMH PO3YMHUMH HPUCTPOSIMU Ta
TOJIOBHUM Xa0oM.

° MoxJIMBOCTI HaJAIITYBaHHS Ta KacTomizalii iHTepdeiicy € OIbill 0OMEXEHNUM Yy MOPIBHIHHI 3
KOHKYPEHTaMH.

° 3ams1s 3MEHIIIEHHS BapTOCTi MPUCTPOIB KOMIAHIS BUKOPUCTOBYE O1IBII MPOCTI KOMITIOHEHTH Ta

MIPOTOKOJIM, IO HEraTUBHO BIUIMBA€ Ha SKICTh 3B 53Ky, MOXJIHMBOCTI Ta TPHUBAJIOCTI AaBTOHOMHOI
poboTHu.

BucnoBku. Ilicis ananizy HasBHUX Ha pUHKY pimeHb y chepi loT MokHA TATBEpAUTH, IO
iHTepeC Ta 3HAYUMICTh LUX TEXHOJOTIH HEyXWJIBHO 3pOCTaloTh 13 KOXHMM pokoM. Cekrop loT
JNEMOHCTPYE IIBUAKE 30UTBIICHHS KITBKOCTI JOCTYIMHHUX IMPHUCTPOIB, KOMIIAHIM, IO MPOMOHYIOTH ITi
pIIIICHHS, a TaKOXX METONIB Ta MiAXOMIB y poOOoTi cucteMm. IHTerpailis ToJIOCOBUX MOMIYHUKIB SIK
npukiaaa 3acrocyBanHs Llty4dHoro InTenmexTy mnst 3py4HOi B3aeMOAil 3 CHCTEMaMHU € OJHIEI0 3
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KITIOUOBHMX 1HHOBAIIIH, sIKa MPOJOBKYBAaTUME MOJIMIITYBAaTH KOPUCTYBAlbKuil pocBia. KiieHTn MaroTh
3MOory oOupaTu pIlIeHHs, SKi BIAMOBIJAIOTh IXHIM TEXHOJIOTTYHHM TMOTpebaM 1 (¢iHAHCOBUM
MOXJIMBOCTAM. O3HaifomnieHHs 3 HasBHUMH loT-cucremamu Hajae 3MOTy KOPHCTyBayaM BH3HAYUTH
HampsiM JUIE PO3pOOKM BJIACHOT CHCTEMH, YPaxOBYIOUM TaKi acleKTH, SK BapTiCTh, Oe3leka,
(GYHKLIOHANBHICTD 1 MOTEHIian aius MalOyTHbOro po3BHUTKY. [locTiiiHe JOCHIKEHHS Ta
BJIOCKOHAJICHHST cucTeM [HTepHeTy peded BenukuMu [T-koMmaHisIME Ta EHTy3iacTaMH CIpUSE
mporpecy B Iiif raixy3i, BHOCSYH HOBI MOXKJIIMBOCTI Ta mepeBard. lle BomHOYAC MO3UTHUBHO BIUIMBAE HA
MPONYKTHBHICTh Ta 3MEHIIYE HABAHTAXXCHHS, IIOB’S3aHE 3 TOBCSKICHHUMHU 3aBIAHHIMH,
PO3MIHPIOI0YH (PYHKIIOHAIBHICTD 1 THYYKICTh BUKOPUCTAHHSI [IUX CHCTEM.

Jlo moganpIMX MEPCIeKTHB TOCTIIKeHb aBTOpa CJIiJ BIAHECTH TOIIYK PIllleHb, IO J03BOJIUB
01 00’€eHATH HAMKpaIll TEXHIYHI Ta MPOrpaMHi 3aco0U Ta IMIIJIEMEHTYBATH iX B OKpeMy cucTeMy. Tak
MU O OTpUMaIM CHCTEMY, MO30aBJIEHy OUIBIIOCTI HEAOJIKIB, IO HAsIBHI y TOTOBUX PIMIEHHSAX Ta
OUTBIIY THYUYKICTh y MOOyH0Bi BiaacHoi. [loniOHe pileHHS NO3UTHUBHO BIUTMHYNIO OM Ha (YyHKIIOHAJ,
3aXKMCT Ta BapTICTh CHCTEMH, a HAWTOJIOBHIIIE — KOPHCTYBadi 3MOXYTh PO3BUBATH CHCTEMY 3 TUM
(YHKIIIOHAJIOM 1 IPUCTPOSMHU, SKi BOHH BBAXKAIOTh HAHO1IBII JOPEYHUMH JI0 TOCTABIICHOI 33/1a4i.
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Yevheniy Khomenko

Kherson State University, Kherson, Ukraine

MODERN METHODS, MODELS AND SOFTWARE TOOLS FOR
IMPLEMENTATION AND OPTIMIZATION OF 10T SYSTEMS (INTERNET OF THINGS)

This article presents an analysis of modern methods, models, and tools used to create and
optimize Internet of Things (IoT) systems. It examines in detail the variety of approaches and software
solutions, reflecting the dynamic growth in the field of automation, which is being actively developed
by both leading international IT companies such as Google, Apple and Xiaomi, and domestic firms, in
particular AJAX, which are gaining popularity in the market. The article highlights the importance of
[oT in various aspects of modern life, including energy efficiency, security, and business process
optimization. The author focuses on the continuous development of technologies that open up new
opportunities for users and improve their quality of life. The author also considers the integration of
IoT into various fields of activity, which can lead to a significant positive impact on society and the
economy. In addition, the article provides an overview of the history of the Internet of Things,
presenting the evolution and key milestones in this area. Modern communication technologies that are
the basis for IoT devices are also considered. The author identifies the basic criteria that modern
reliable systems must meet, analyzing them in terms of efficiency, scalability, and security. The article
also contains an analysis of several popular off-the-shelf system solutions on the market. Each of them
is characterized by characteristics, advantages, disadvantages, and unique features. This provides a
deeper understanding of the variety of options available and helps in choosing the right system for
their individual needs and budget. The article is a useful resource for those looking for updated and
comprehensive information on modern IoT systems and their implementation.

Keywords: Internet of Things, device control methods, automation tools, automation systems.
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AHOTAIIILl / SUMMARY

Oksana Buinytska, Liliia Varchenko-Trotsenko, Valeriia Smirnova, Anastasiia
Tiutiunnyk, Bohdan Hrytseliak, Yevhen Matasar

Borys Grinchenko Kyiv University, Kyiv, Ukraine

INTRODUCTION OF AN INDIVIDUAL EDUCATIONAL TRAJECTORY
IN A HIGHER EDUCATION INSTITUTION THROUGH THE IMPLEMENTATION
OF A CATALOG OF ELECTIVE DISCIPLINES

Institutions of higher education are increasingly faced with the diversity of needs and
expectations of students, which calls into question traditional educational curricula. In this context,
there is a need to introduce new approaches that provide students with greater flexibility in learning
and the opportunity to independently shape their educational path. One of these approaches is an
individual educational trajectory, which allows students to actively participate in the formation of their
individual learning paths, increasing their motivation and interest in the learning process. The urgency
of introducing an individual educational trajectory in universities reflects the need to adapt the
educational system to modern realities and individual needs of students. It is also a response to the
challenge of ensuring flexibility, differentiation and personalization of training, which is becoming
increasingly important in light of the rapidly changing labor market and the requirements for the
competencies of future professionals. The article examines the possibility of introducing an individual
educational trajectory for students of higher education institutions through the implementation of the
“catalog of elective disciplines” module in the e-learning system, evaluation and planning of the
educational process, determination of success criteria and support of students in the process of
selection and advancement along an individual trajectory. The relevance of this issue is due to changes
in the modern educational environment, which requires a more flexible approach to learning to take
into account the individual needs and interests of students. An analysis of research related to the
implementation of an individual educational trajectory and the implementation of the catalog of
selective disciplines was carried out.

Keywords: student-centered learning, individual educational trajectory, elective subjects,
e-learning system, catalog of elective subjects

Bbyiinunpbka O., Bapuenko-Tpouenko JI., CmipuoBa B., Tiorionnuk A., I'punensik b.,
Maracap €.

KuiBcbkmii yHiBepeuteT imeHi bopuca I'pinyenka, KuiB, Ykpaina

PEAJIIBAIISI THAUBIIYAJIBHOI OCBITHBOI TPAEKTOPII ¥V 3AKJIAII BUIIIOI
OCBITH LLIJISAXOM YITPOBA/T’KEHHS KATAJIOTI'Y BUBIPKOBUX JUCIUIIJITH

3akyaay BUIIOI OCBITH BCE YACTINIE CTHUKAIOTHCS 3 PO3MAITTSM MOTPEO 1 OUiIKyBaHb CTY/ICHTIB,
110 CTaBUTH IIiJ] CYMHIB TPaAMIliiHI HAaBYAJIbHI ITporpamMu. Y 1IbOMY KOHTEKCTI BUHHUKA€E HEOOX1THICTh
3alpOBa/KCHHST HOBHUX IMIJAXOMAIB, SIKI HAJAIOTh CTYACHTaM OUIbIIy THYYKICTh y HaBYaHHI Ta
MOXXJIUBICTh CaMOCTIHHO (popMyBaTH CBii OCBITHIHM muIsaX. OQHUM 13 TaKUX MIJAXOIIB € 1HAUBITyaIbHA
OCBITHA TPAEKTOPIis, sIKa JO3BOJIAE CTyACHTaAM OpaTH aKTUBHY y4acThb Yy (OpPMyBaHHI BIACHHUX
IHIUBITyaTlbHUX OCBITHIX TPAEKTOPIiH, MiJBUIYIOYH iX MOTHBAIIIO Ta IHTEPEC A0 MPOLECY HaBYAHHSI.
AKTyasnbHICTh 3allpOBa/KEHHS 1HAMBITYaIbHOT OCBITHROI TpaekTopii y 3BO BigoOpaxkae HEOOXiIHICTH
azanTarii OCBITHBOI CHCTEMHU JI0 CyYacCHHX peallii Ta 1HIUBIIyabHUX MOTped cTymeHTiB. Lle Takox
BIJINIOBIIb HA BUKJIMK 3a0€3ME€YeHHs THYYKOCTI, JUQepeHIianii Ta nepcoHatisanii HaByaHHs, 1[0 CTa€e
BCE OUTBINI BaXKJIMBUM Yy CBITJII MIBUJKO3MIHHOTO PUHKY Tpalli Ta BUMOT JO KOMIIETEHINN MaiOyTHIX
¢daxiBuiB. Y cTarTi JOCHIIKEHO MOXJIMBICTH peajizalii 1HIUBiAyaJbHOI OCBITHBOI TpaeKTopii
CTYICHTIB 3aKJIaJliB BUIIOT OCBITH IUISIXOM YIPOBAKECHHS B CHCTEMY €JIEKTPOHHOTO HaBYaHHS MOJTYJIS
«KaTajor NUCIUILUTIH 32 BUOOPOM», OI[IHIOBAHHS Ta IUIAHYBAaHHS OCBITHHOTO MPOIECY, BUSHAYCHHS
KpUTEpIiB YCIIIIHOCTI Ta MIATPUMKH CTYACHTIB y MpOIeci BUOOPY Ta MPOCYBAaHHS 1HIUBITyaTbHOIO
TPAEKTOPi€I0. AKTYyaJIbHICTh LBOTO THMTAaHHS 3yMOBJEHAa 3MiHAMH B CYYacHOMY OCBITHBOMY
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CepeloBuIli, 10 MOTpedye OUTBII THYYKOTO MiAXOMy M0 HAaBYAHHS 3 ypaxyBaHHSM iHAWBITyaTbHHUX
notpe® Ta iHTEepeciB yuHiB. [IpoBeaeHO aHami3 MOCTIIHKEHb IIONO peai3allii 1HIUBIIyanbHOT
OCBITHBOT TPAEKTOPIi Ta BIPOBAIKEHHS KaTaJIOTy BUOIPKOBHUX JUCIHUILIIH.

Kio4oBi cji0Ba: CTYICHTOIICHTPOBAHE HAaBYaHHS, IHAMBiAyajJbHAa OCBITHS TPAEKTOPIs,
JMCLUIUTIHY 32 BUOOPOM, CHCTEMA €JIEKTPOHHOTO HABYaHHS, KaTajor JUCIHUILTIH 32 BUOOPOM

Olena Diahyleva, Alona Leshchenko, Alla Paziak, Alona Yurzhenko

Kherson State Maritime Academy, Kherson, Ukraine

KAHOOT! AS A TOOL TO GAMIFY LEARNING PROCESS AT MARITIME HIGHER
EDUCATION

The article is devoted to the use of Kahoot! as a game-based learning platform at a higher
education institution. This paper has analyzed the influence of Kahoot! on learning outcomes of future
maritime professionals. The process of the “Feedback” tool use in the educational process at a higher
maritime education institution is described.

The article reviews the scientific literature on gamification in learning, e.g., the study of other
researchers and their approaches to using the tools such as Kahoot!. The paper emphasizes the fact of
limited opportunities for the Kahoot! free use despite the company’s commercial interests.

The paper describes the usage of Kahoot! as an interactive tool in both synchronous and
asynchronous modes. The synchronous mode enables teachers to conduct quizzes in real time, and
students to take part in them using their devices, which promotes active participation and healthy
competition. In asynchronous mode, teachers can assign independent study tasks to students, who can
perform them with Kahoot! at their own convenience, allowing for flexibility in learning.

The study presents the results of an experiment conducted at Kherson State Maritime Academy,
where Kahoot! has been used in teaching Maritime English and humanities. The data analysis has
identified positive changes in the level of students' professional competence, which confirms the
improvement of the learning material understanding.

The research analyzed the role of Kahoot! in the organization of feedback between teacher and
students during classes. Its specifics and features are determined precisely as a pedagogical toolkit for
quickly conducting a section of students’ acquired knowledge during any form of education and
various forms of educational classes. In general, the research and implementation of novel approaches
in gamification and game-based learning give access to creating an effective learning environment.

Further research prospects include the study of the use of other gamification tools and
game-based learning at maritime higher education institutions (e.g., Mentimeter, Miro).

Keywords: Kahoot!, gamification, e-learning, LMS MOODLE

daruaesa O., Jlemenko A., [1azsak A., FOp:keHnko A.

XepcoHChbKA /Iep;KaBHA MOPCbKa aKajaeMisi, XepcoH, YKpaiHa

KAHOOT! AK IHCTPYMEHT TEHMI®IKAIIII OCBITHHOTO IIPOI[ECY
B MOPChKIH BHIIIH OCBITI

Crarts npucBsueHa BukopucranHio Kahoot! sk irpoBoi HaB4anmpHOI miardopmu y 3akiami
BUIIOi OCBITU. Y Il crarTi mpoananizoBaHo BIUIMB Kahoot! Ha pe3ynpraru HaBYaHHS MalOyTHIX
MopchbKuX (axiBuiB. OmnmcaHo NpoIEeC BUKOPUCTAHHS IHCTPYMEHTY «3BOPOTHIM 3B’S30K» B
OCBITHROMY MPOIIEC] BUIIOIO MOPCHKOTO HAaBYAJIBHOIO 3aKJIaTYy.

IIpoBeneHo omsa HayKOBOi JiTepaTypH oo reiiMidikanii B HaBYaHHI, 30KpeMa JOCIIIKEHb
IHIIMX BUEHHUX Ta iX MiJIXO/IB 1O BUKOPUCTAHHS IHCTPYMEHTIB, Takux sk Kahoot!. 3pobneHo akueHt Ha
TOMY, 110 HaBiTh 32 YMOBM KoMepuiiiHOro xapakrepy Kahoot! icHyIOTP 0OMEXeHI MOXIMBOCTI IJIst
0€3KOLITOBHOTO BUKOPUCTAHHS.

Onucano MoxiauBocTi BHKopucTanHs Kahoot! Sk iHTepakTMBHOrO IHCTpyMEHTa SIK Yy
CHHXPOHHOMY, TaK 1 B aCHHXPOHHOMY pe&XHMaX. Y CHHXPOHHOMY DPEXKHMi BHKIagadi MOXYTb
MIPOBOJMTHU BIKTOPUHU B peajbHOMY 4aci, a CTYACHTU MOXYTb OpaTu y4acTb y HUX, BUKOPHUCTOBYIOUH
CBOI MPHUCTPOI, IO CHpHUsA€ aKTUBHINA ydacTi Ta 3/10pOBid KOHKypeHLii. B acMHXpoHHOMY pexumi
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BHKJIaJ[adl MOXYTh JaBaTH 3aBJIaHHS HA CAMOCTI{HE BHBYCHHS CTYJICHTaM, SKi MAalOTh MOXIHBICTh
npairoBaru 3 Kahoot! y 3py4nuii [uist HuX 4ac, 1o cripusie THy4KOCTi B HABYaHHI.

[IpencraBneHo pe3ynbTaTd EKCIEPUMEHTY B XEpPCOHCBHKIN JepaBHIM MOpPCHKiH akagemii, nie
Kahoot! OyB BuKOpHCTaHWI aJisi HaBYaHHS MOPCHKOi AHIVIIMICBKOI MOBH Ta TYMaHITapHHX KypCiB.
[licna anamizy JaHuUX BHSABJICHO TIO3UTHUBHI 3MIHM y piBHI c(opMoBaHOCTI mpodeciitHol
KOMITIETEHTHOCTI1 CTYJICHTIB, IO IMATBEP/IKYE MOKPAIICHHS PO3YMIHHSI HABUAJILHOTO Marepiaiy.

Y gochijpkeHHI mpoaHamizoBaHo ponb Kahoot! B opranizamii 3BOPOTHOTO 3B’SI3KY MIXK
BHKJIQIa4eM 1 CTyJIEHTaMH Tij] 9ac 3aHsaTh. Came Horo crenudika Ta 0coOIMBOCTI BUZHAYAIOTHCS K
MeIaroriYHui 1IHCTPYMEHTAPIH AJIsl IBUAKOTO MPOBEIACHHS 3pi3y 3HaHb, HAOYTHUX CTYACHTAMU IIiJ] 4ac
Oynp-sikoi  (opMu HaB4YaHHS Ta pi3HUX (OPM HABYAJBHHUX 3aHATH. 3arajoM JOCHIDKEHHS 1
BIIPOBA/KEHHS HOBAaTOPCHKUX MIAXOMIB y cdepi reiimidikamii Ta irpoBoro HaBYaHHS BiJKPHUBAIOTh
NUISIX IO CTBOPEHHS €()EKTUBHOTO OCBITHHOTO CEPEIOBHIIIA.

[lepcrieKTHBH MOAANBIINX JOCTI/KEHb MH BOA4aeMO Yy JOCHIHPKEHHI BUKOPHUCTAHHS 1HIIMX
3aco0iB TeiMidikarii Ta iIrpoBOro HaBYaHHS y BHUINWX MOPCHKHUX HaBYAJIBHUX 3aKjIanax (HAIpUKIIA,
Mentimeter, Miro).

Kurouosi ciioBa: Kahoot!, reiimidikaris, enekrponre Hapuanas, LMS MOODLE

Valentyna Krotenko, Hanna Afuzova, Ganna Naydonova

Dragomanov Ukrainian State University, Kyiv, Ukraine

THE CASE METHOD AS A TECHNOLOGY FOR ENSURING THE QUALITY OF
HIGHER EDUCATION DURING DISTANCE LEARNING USING ICT TOOLS: WORK
EXPERIENCE

Current socio-ecological and socio-political challenges dictate the implementation of a
complex of information and communication (digital) technologies into the organization of the
educational process. This makes it possible to implement the process of distance learning in
educational institutions in situations of natural and technogenic uncertainty. The organization of the
educational process is directed not only to the assimilation of individual blocks of theoretical
information but also to the ability of students to make independent decisions and act in various
situations, practically using the accumulated knowledge. To achieve such results, it is necessary to
apply new approaches to the organization of the educational process, focusing on personal and
professional individuality of each student, relying on a differential and creative approach in the
learning process, and using variability of interactive forms and training methods. This approach not
only increases the likelihood of knowledge assimilation but also allows going beyond them in the area
of development of students' analytical skills and self-awareness, communication and leadership skills,
and formation of decision-making in conditions of uncertainty.

In this context, it is worth considering the problem of using the case method in professional
training with an emphasis on the essence of the case method as an interactive learning method and as a
form of organization of educational and cognitive activities of students; as a pedagogical technology
used in the process of professional training; on the potential of the case-method as a powerful tool for
interactive, personality-oriented student learning strategy aimed at developing their critical thinking,
communication skills and interpersonal communication skills.

The most powerful are cases that make it possible to obtain a number of reasonable estimates,
which leads to variable, but equally plausible and proven conclusions. Also, an effective means of
professional training in the system of continuous and open education is the use of case triggers, which
are presented in the form of unresolved or provocative issues that require further searches and
discussions. Particular attention is paid to developing cases specifically focused on the development of
students' scientific skills (interrupted case).

The results of using the case method, as one of the most promising interactive methods of
organizing vocational training, to ensure the quality of education during distance learning using ICT
tools on the example of professional training of future specialists in the field of special and clinical
psychology are analyzed.
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Keywords: The case method, quality of education, higher education, vocational training,
distance learning, knowledge control, ICT tools

Kportenko B., Ady3osa I., Haiinbonosa I.

Ykpaincbkuii 1ep:xaBHuii yHiBepcuTeT iMmeni Muxaiina /Iparomanosa, KuiB, Ykpaina

KEﬂC-METO)I SIK TEXHOJIOI'ISI 3ABE3NEYEHHS SIKOCTI BUIIOI OCBITH
O] YAC AUCTAHIIMHOIO HABYAHHS 3 BHUKOPUCTAHHSIM 3ACOBIB IKT:
JOCBII POBOTH

CyuacHi COLIaJTbHO-EKOJIOTIUHI Ta COLIaJIbHO-MOJITHYHI BUKIMKUA JAUKTYIOTH YIPOBAKECHHS
KOMIUIEKCY 1H(GOpMAIiTHO-KOMYHIKAIIMHUX (IU(PPOBUX) TEXHOJOTIM B OpraHi3aIililo OCBITHHOTO
mporecy. Lle mae MOXIMBICTH peaizyBaTd MPOIEC AMCTAHIIMHOTO HABYaHHS B 3aKJaJaxX OCBITH B
yMOBaX MPUPOIHOI Ta TEXHOTEHHO1 HeBU3HAUeHOCTI. OpraHi3allis OCBITHROTO MPOIECY CIPSIMOBaHA HE
JIMIIE Ha 3aCBOEHHS OKPEMUX OJIOKIB TEOPETUYHHMX BIIOMOCTEH, a i Ha BMIHHS CTY/ICHTIB CAaMOCTIITHO
MpUAMaTH PIMICHHS Ta TIATH B PI3HOMAHITHUX CHUTYAIlisX, TPAKTUYHO BUKOPUCTOBYIOUM HAKOMTWYEHI
3HaHHA. [[J1s1 TOCATHEHHS TaKWX PE3yJbTaTiB HEOOXITHO 3aCTOCOBYBATH HOBI IMiTXOMU IO OpraHi3arlii
OCBITHBOTO TIPOIIECY, OPIEHTYIOYHCh Ha OCOOMCTICHO-TIpOo(deciiiHy I1HAMBITYAIbHICTh KOMXHOTO
CTYICHTa, CITUPAIOYNCH HA TU(EPEHIITHO-KpeaTUBHUN MiXiJ Y MPOIECi HaBYaHHs, BUKOPUCTOBYIOUH
BapiaTUBHICTh I1HTEPAKTHBHUX (OpPM 1 METOMIB HaBYaHHA. Takud MIAXiA HE TUIBKW ITiJIBHIIYE
BIPOTI/IHICTh 3aCBO€HHS 3HaHb, ajie ¥ JI03BOJIAE BUUTH 3a iX MeXi y cdepi pO3BUTKY aHATITUYHUX
3mi0HOCTEe 1 CaMOCBIZIOMOCTI CTY/AEHTIB, KOMYHIKaTUBHHMX 1 JIIJEPCHKHUX SKOCTeH, (opmyBaHHS
3aTHOCTI MPUHMATH PILICHHS B YMOBAaX HEBU3HAUYEHOCTI.

VY 1bOMy KOHTEKCTI BapTO PO3MISHYTH MPOOJIEeMy BUKOPHUCTAHHS Kelc-MeTony y mpodeciitHii
MiATOTOBLI 3 aKIEHTOM Ha CYTHOCTI KEWC-METO/Y SIK IHTEpaKTUBHOTO METOAY HAaBYAHHS Ta AK (HOpMHU
opraHizaiii HaBYaJIbHO-II3HABAJILHOI JISUTBHOCTI CTYIEHTIB; $K TMEAaroriuHoi TEXHOJIOTii, 1o
BUKOPHCTOBYEThCS y Mpolieci mpodeciifiHol MiArOTOBKY; MPO MOTEHINal KeHC-METOAy SIK MOTY>KHOTO
IHCTPYMEHTY IHT€PAKTHUBHOI, 0COOMCTICHO-OPIEHTOBAHOI CTparerii HaBYaHHS CTYJAEHTIB, CIIPIMOBAHOT
Ha PpPO3BUTOK IXHBOIO KPUTUYHOTO MHCIIEHHS, KOMYHIKATUBHUX HABHYOK Ta HAaBHYOK
MI>KOCOOHMCTICHOTO CITUJIKYBaHHS.

HalinoTyXHilmMMu € KeWcH, 110 Aal0Th 3MOTY OTPHUMATH HU3KY OOIPYHTOBAaHUX OILHOK, IO
MPU3BOAUTL 1O 3MIHHHMX, aJié OJIHAKOBO IMPAaBIOMOAIOHMX 1 TIEpPEeBIpEHUX BHCHOBKIB. Takoxk
e(peKkTUBHUM 3ac000M MpodeciiHOi MIArOTOBKM B CHUCTEMI Oe3MepepBHOI Ta BIJKPUTOI OCBITH €
BUKOPUCTaHHSI KeHMC-TpUrepiB, IIO MPEACTaBICHI y BUIVISAI HEBUPIMIEHUX YH MPOBOKATUBHUX
npobieM, mo NOTpPeOyITh MOAANBIIMX MOIIYKIB Ta 00roBopeHb. OcoOMUBY yBary MpHIUICHO
PO3pOOTEHHIO KEHCIB, CIElialbHO OpPIEHTOBAHWX Ha PO3BUTOK HAyKOBHX HAaBHUYOK CTYACHTIB
(mepepBaHMii Ke¥iC).

3OIACHIOETBCSL  aHaNli3  pe3yJbTaTiB  BUKOPUCTAHHS — Kec-MeToqy  SK  OJHOro 3
HAlMepCHeKTUBHINIMX  IHTEPAaKTUBHUX METOMIB  Oprasizauii mpodeciiHoro HaBYaHHSA IS
3a0€3MeUeHHs] SIKOCTI OCBITH IMiJI Yac IMCTAHIIMHOTO HaBuaHHsA 3 BUKOpucTaHHAM 3aco0iB IKT nHa
NpUKIIaAl podeciitHOl MiATOTOBKM MaiOyTHIX (axiBLiB CHEIiaJbHOI Ta KJIIHIYHOT IICUXOJIOTI].

KuarouoBi ciaoBa: kelic-MeTon, SKICTh OCBITH, BHINA OCBiTa, MpodeciiiHe HaBYaHHS,
JUCTaHIIIIfHe HABYaHHS, KOHTPOJb 3HaHBb, 3aco0u [KT

Dmytro Verbovetskyi, Vasyl Oleksiuk

Institute for Digitalisation of Education National Academy of Educational Sciences of
Ukraine, Kyiv, Ukraine

EMPIRICAL EVALUATION OF GAMING SOFTWARE OF THE GAMIFICATION
ENVIRONMENT FOR THE PREPARATION OF FUTURE BACHELORS OF
INFORMATICS

The article presents a model of introducing a gamification environment into the educational
process for the preparation of future bachelors of informatics. We have analyzed the domestic and
foreign experience in selecting criteria for software and hardware, determined the criteria for selecting
the components of the gamification environment and the indicators of each criterion, selected the

90


https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%83%D0%BA%D1%80%D0%B0%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9/vocational+training

ISSN 1998-6939. Information Technologies in Education. 2024. Ne 1 (55)

components of the gamification environment, conducted an experimental evaluation of some software
samples according to the defined criteria. The purpose of the article is to design a model of a
gamification environment for training future bachelors of computer science in higher education
institutions. Design, cloud-oriented, content and information and communication criteria were selected
for the selected platforms and their components were outlined. A table of evaluation by experts was
developed and the results were analyzed. A ranking of the received data was also made and
conclusions were drawn based on the evaluation results. According to experts' assessments, the
environment most suitable and least suitable for the selected criteria was determined, as it scored the
highest and lowest number of points. An expert assessment of gamification platforms was conducted,
criteria for selecting such platforms were developed, and indicators of each environment were outlined.
We see the design of other components of the gamification environment, the creation of tasks using
gamification technologies, the analysis of feedback, the development of technological infrastructure
and the creation of methodological recommendations for the implementation and use of the
environment as further perspectives of the research.

Keywords: Digitization, digital educational environment, gamification, gamification
environment, bachelor of computer science

Bepooseunkuii /1., Oaexkcrok B.

IncTuryr nm¢posizanii oceitn HamionanbHoi akagemii megaroriyHmx Hayk YKpaiHw,
KuiB, Ykpaina

EMIIIPUYHA OMLIHKA IT'POBOI'O ITPOT'PAMHOI'O 3ABE3IEYEHHS
TEAMI®PIKAIIAHOI' O CEPEJIOBHUIIIA JJIsA MNIArOTOBKHA MAWBYTHIX
BAKAJIABPIB IHOOPMATUKHN

VY crarTti nmpeacTaBaeHO MOJIETh YIPOBAKEHHs cepenoBuIa reimidikaliii B OCBITHIN MpoIiec
JUISL TIATOTOBKM MaiOyTHIX OakanaBpiB iH(opmaruku. [TpoananizoBaHo BITYM3HSHUHN Ta 3apyOiKHUIN
JIOCBIJT BHOOpPY KpHUTEPIiB MPOrpaMHO-TEXHIYHOTO 3a0€3MeUeHHs, BHU3HAUYCHO KpHUTEpii BimOopy
KOMIIOHEHTIB cepeJoBUIIa TeiMidikamii Ta MOKa3HUKH KOXHOTO KpUTEpio, BiAIOpaHO KOMIIOHEHTH
cepenoBuIa rerMidikairii, TPOBEICHO EKCIICPUMEHTANIBHY OIIIHKY OKPEMHX 3pa3KiB MPOTPAMHOIO
3a0e3neyeHHs BIAMOBIIHO /10 BU3HAYCHHUX KPHUTEPiiB. METOI0 CTaTTi € po3poOKa MOJeli cepeloBHIIa
reimidikariii Juisl TiArOTOBKM MalOyTHIX OakanaBpiB iHQOpMATHKK y 3akianax BUIOi OoCBITH. st
oOpanux  muarpopm  Oyno  oOpaHo  AWM3aliH,  XMapOOPIEHTOBAHICTb,  KOHTEHT  Ta
iH(pOopMalifHO-KOMYHIKallIiHI KpUTepli W OKpecleHo iX KOMIOHeHTH. Po3pobineHo Tabmuiio
OLIIHIOBAaHHS €KCIepTaMM Ta MPOAHATI30BaHO pe3yiabTaTH. Takok MpOBEIEeHO PaHKyBaHHS OTPUMAHUX
JAaHUX Ta 3p00JIEHO BUCHOBKH 3a PE3yIbTaTaMM OI[IHIOBaHHS. 3a OI[IHKaMM €KCTepTiB 0yJI0 BU3HAUYCHO
CepeloBUILE, sIKe HAHOLIbII Ta HaWMEHINI BIIMOBiHE OOpaHUM KPHUTEPisIM, OCKIJIBKH BOHO HaOpajo
HaWOUIbIy Ta HalWMeHHly KUIbKICTh OaniB. IlpoBeneHO ekcrepTHy OIIHKY TeiMidikaiiitHux
wiathopM, po3poOJeHO KpHTepii BiIOOpPY Takux IIATGOpM, OKpPECICHO NOKAa3HUKH KOKHOTO
cepenoBuma. lloganpIMMK TMEpPCIIEKTHBAMHU JTOCTIDKCHHSI MM BOAuaeMO TIPOEKTYBaHHS 1HITUX
KOMIIOHEHTIB CepeloBUINa TeiMidikallii, CTBOPEHHs 3aBlaHb 13 BHUKOPHUCTAHHSAM TEXHOJOTIH
reiiMiQikarii, aHajgi3 3BOPOTHOTO 3B’S3KYy, PO3BUTOK TEXHOJOTIYHOI 1H(QPACTPYKTYpH Ta CTBOPEHHS
METOIMYHUX PEKOMEH/allii 11010 BIPOBAKEHHSI Ta BUKOPUCTAHHS CEPEIOBHUIIIA.

KurouoBi cioBa: nudposizaiis, nudpoBe OCBITHE cepenoBHIle, reiMidikallis, cepeaoBUIIE
reiimicikarii, 0akanaBp iHPOPMATHKH

baoiues C., lonuapenxo T.

XepcoHcbKuil 1ep:KkaBHUI YHIBepcuTeT, XepcoH, YKpaiHa

3ACTOCYBAHHSI  BIKJIACTEPHOI'O AHAJII3Y JIA  ®OPMYBAHHA
NIAMHOKWH KOEPEHTHUX JTAHUX

VY cTarTi 3ampoONOHOBAHO HOBUM MiAXiA 1O aHami3y JaHMX 3a JONOMOIOI0 OIKJIAaCTEpPHOIO
aHaui3y, KUl CyTTEBO BIAPI3HAETHCS B TpaaAuLIIiHOT KiacTepu3auii. [IpoananizoBaHo HasiBHI HayKOBI
mpaLi, y sSIKMX CXapaKTepu30BaHO METOA OIKJIaCTEpPHOTo aHallizy Ta OCOOIMBOCTI MOTO 3aCTOCYBaHHS.
ABTOpH 30CEpEIKYIOTHCS HA BUSABJIICHHI KOSPEHTHHX IMIMHOKWH y CKJIaHUX JAaHUX, [0 BUXOIATH 32
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MEX1 3BHYAHMX JaHUX, HANpPUKIaJ, ekcrpecii reHiB. OCHOBHY yBary HpUAIIEHO JOCIIKEHHIO, K
OIKJIaCTCpHUI aHaji3 MOXKE BUSBIITA NPUXOBAaHI 3B’SI3KM Yy JaHHX, II0 YacTO 3aJIUIIAIOTHCS
HENOMIYEHUMH TIpM  BHUKOPHUCTaHHI Tpamuiiiiaux wmetoniB. CdopMoBaHO KpuTepii SIKOCTI
OikyacTepu3anlii JaHUX eKcIpecii TeHIB Ta OLIHEHO €(EeKTHUBHICTh BHYTPIIIHIX KpHUTEpiiB ABTOpH
JIeTaIbHO PO3IIISAAAIOTH SIKICTh OIKJIacTepiB, BUKOPUCTOBYIOUN CepeIHbOKBaApaTniHy noMuiky (MSE)
Ta B3aeMHY iH(popmarrito, 3a06e3nedyrod B TaKUi CIIOci0 JOCTOBIPHICTh Ta 00’ EKTUBHICTH PE3YJIBTATIB.
Oco06nuBiCTh GIKJIACTEPHOTO aHai3y MOJIATae y HOTo 3AaTHOCTI BUSBIIATH OIKIIaCTEPH Pi3HUX PO3MIpiB
Ta (OpM, 10 € BAKIUBUM ISl PO3YMIHHS CKJIQJIHUX Ta HEOMHOPiAHUX AaHuX. Lle mo3Bosie He TUTbKU
BUJUISATH JIOKadbHI IMa0IOHKM B MIAMHOXHWHAX JAaHHUX, alie ¥ PpO3KPUBATH OUIBII CKIIAHI
B3a€MO3B’s13kH. CTaTTd TaKoX aKIEHTY€E Ha ONTHUMI3allii TinmeprapaMeTpiB 1 BUKOPUCTAHHI KPUTEPIiB
SAKOCT1 JJISi OCSTHEHHS HaMOUIbII TOYHMX pe3yabTaTiB. MeTa JOCHIKEHHS MOJSATrae HE TUTBKU B
imeHTu(iKaIii KOEepeHTHUX MIiAMHOKWH JIaHUX, aje W y DIMOmOMY pO3yMiHHI CTPYKTYPHHX
0COOIMBOCTEH 1 B3a€MO3B’SI3KiB, BIAKPUTUX 3aBISIKU OikiacTepHOMy aHamidy. Lls pobora BinkpuBae
HOBI TEPCNEKTUBH MJIs aHai3y CKIAQAHUX JaHWUX, MPOMOHYIOYH OiIbII TIMOOKE PO3YMIHHS 1X
CTPYKTypH Ta nuHamikd. OcOOIMBO LIHHUM € 30aTHICTh METONY BUSABIISATH NEPETHUHHI O1KIacTepH, 110
CIIpHsi€ BUSBICHHIO CKJIQIHINIMX 1 TITMOMINX 3aJIeKHOCTEH Y TaHUX.

KirouoBi cioBa: GikimactepHuil aHaii3, MTy4HI OiKiIacTepu, KpUTepii sIKOCTI OikiiacTepu3ariii,
B3aeMHa iH(}OopMarlisi, CepeTHbOKBaApATHIHA TIOMUITKA

Sergii Babichev, Tetiana Goncharenko

Kherson State University, Kherson, Ukraine

APPLICATION OF BICLUSTERING ANALYSIS FOR FORMING COHERENT DATA
SUBSETS

This paper introduces a new approach to data analysis using biclustering, which significantly
differs from traditional clustering methods. Available scientific works were analyzed, which
characterized the method of bicluster analysis and the features of its application. The authors focus on
identifying coherent subsets within complex data, extending beyond typical data such as gene
expression. They emphasize exploring how biclustering analysis can uncover hidden connections in
data, often overlooked by conventional methods. Quality criteria for biclustering of gene expression
data were formed and the effectiveness of internal criteria was evaluated. The quality of biclusters is
thoroughly examined using mean squared error (MSE) and mutual information, ensuring the reliability
and objectivity of the results. A distinctive feature of biclustering analysis is its ability to identify
biclusters of various sizes and shapes, crucial for understanding complex and heterogeneous data. This
approach not only highlights local patterns in data subsets but also reveals more intricate interrelations.
The article also stresses the importance of optimizing hyperparameters and using quality criteria to
achieve the most accurate results. The research aims not only to identify coherent data subsets but also
to gain a deeper understanding of structural features and interconnections revealed by biclustering
analysis. This work opens new prospects for analyzing complex data, offering a deeper insight into
their structure and dynamics. Particularly valuable is the method’s ability to detect overlapping
biclusters, aiding in uncovering more complex and profound dependencies in the data.
Keywords: Biclustering analysis, artificial biclusters, quality criteria for biclustering, mutual

information, mean squared error

Ilepminosa JI.

XepcoHcbKHil 1ep:KkaBHU YHiBepcuTeT, M. IBaHo-PpaHKiBCbK, YKpaiHa

3ACOBH BILINBY HA MOTUBAIIMHY C®EPY 3J05YBAUIB BUIIIOI OCBITH B
YMOBAX CUHXPOHHOI'O HABYAHHS

VY cydacHii OCBITHI mapaaurmi, 30pI€HTOBaHIM Ha 3aJ0BOJICHHS 3alUTIB OCOOMCTOCTI,
0COOJMBOrO 3HaueHHS HaOyBalOTh NpoOieMH MpoeciiHOro CTAHOBJIEHHS MaWOyTHIX (QaxiBLiB.
ComianbHi mpo6aeMu, BOEHHUN Yac 3MYIIYIOTh OCBITSH MOCTIMHO BJIOCKOHATIOBATHA CBOI MPAKTHUYHI
¢axoBi HaBUuKM. bararo 3akianiB nepeinuio Ha JUCTAHIIHHUNA (opMaT HaBYaHHS, a 1€ IPU3BEJIO J10
HEOOX1THOCTI BJOCKOHAJIIOBAaTH HABHUUYKH POOOTH 13 3aCTOCYBAaHHSM 1HHOBALIMHUX TEXHOJOTIN
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BUKJIaJIaHHA. Y I[bOMY € SIK TIO3UTHUBHI, TaK 1 HETaTWBHI CKJIaAOBi. /|0 MO3UTUBHUX MOXHA 3apaxyBaTu
BU3HAUCHHS 1 OOTpYyHTYBaHHS 3ac00IB aKTHBHOTO HABYAHHS B PEKHMMI CHHXPOHHOTO (aCHHXPOHHOTO)
HABYAHHS, 3 YMM BUKJIAQJa4i YCHIIIHO CHpaBisiOThcs. OMHAK y 3B’S3Ky 3 BiJJAJICHUM HaBYAHHSIM
BUHHMKAE TIpo0iieMa 3 MOTHBAII€l0, TPOSBOM  CaMOCTIHHOCTI, C(OPMOBAHICTIO  SKOCTEH
CaMOMEHE/DKMEHTY 37100yBauiB BHIIOi OCBiTH. IlocTtae mnpobnemMa MO3UTHBHOTO BIUIMBY Ha
MOTHBAIliiHY c(epy cydacHoro 3100yBada, mo 3ade3nedye WOro yCHIIIHICTh K y HaBYaHHI, TaK 1 B
MaiiOyTHill mpodeciitHiil aisuibHOCTI. 3aco0M MOTHBaLii 70 YCIHiXy MaloTh OyTH AWAAKTHYHO 1
METOIMYHO Y3TODKEHI 3 ToTpedamMH, IHAUBIIyaIbHUMHU SKOCTSAMH THX, XTO HABYA€THCS.
Indopmarnzanis, mudpoBizalist OCBITHBOIO NPOLECY HAJAa€ IIMPOKI MOMIMBOCTI Ui TBOPYOCTI
BukiamadiB. Cydacui IT-texHomorii, ocoOmMBO XMapHI TEXHOJOTIi, HaJalOTh TMexaroraM JOCUTh
3py4YHMiA, O€3KOIITOBHMI HaOip IHCTPYMEHTIB JJIsl aKTHBi3alii HaBUAIbHO-II3HABAIBHOI NisTIBHOCTI
3100yBadiB, 30KpemMa I1e BIpTyasIbH1 JOIIKH, MyJIETUMEIIHHI TTPE3eHTaIli1, 3ac00u opraHi3allii rpymnoBoi
poOOTH, CEpBICH A CTBOPEHHS TECTIB, IHTENEKT-KapTKH, JOMOBHEHA Ta BipTyalbHA PEasbHICTD,
nepeBepHyTe HapuaHHs. CIiJ 3a3HAYUTH, MO SIKICTh CIPUUHATTA iH(OpMAaIlii, BMOTUBOBAHICTh Ha
TISUTBHICTD, TMIABUINYETHCA y TPOLECi Mepersay Bieo, MPOCIYyXOBYBaHHS TEKCTIB Ta MY3WYHHUX
TBOpiB. MoTuBaIlis MiABUITYETHCS, KOJIU 3100yBadi OepyTh aKTUBHY Y4YacTh Y CTBOPEHHI MaJltOHKIB,
MYyJABTUMEIINHUX Tpe3eHTalii Touo. BIiuB Ha pO3BHTOK MOTHBALIWHOI cdepu 3100yBadiB BUIIOT
OCBITH CKJIQJIHUH 1 BUMarae 0araro gacy Ta 3yCHJIb BHKJIQIaviB.

KuarouoBi caoBa: MoruBamiitHa cdepa, TUCTaHIlIiHE HaBYaHHS, CUHXPOHHE HABYAHHS,
cpuitHATTS iHpopMarii 3700yBayaMyu BHUIIOI OCBITH, 3aCO0M BIUIMBY Ha PO3BHUTOK MOTHBAIIMHOL
cthepu 3100yBaviB BUIIOI OCBITH

Liudmyla Perminova

Kherson State University, Ivano-Frankivsk, Ukraine

MEANS OF INFLUENCE ON THE MOTIVATION SPHERE OF HIGHER
EDUCATION ACQUISITIONS IN CONDITIONS OF SYNCHRONOUS EDUCATION

In the modern educational paradigm oriented towards the satisfaction of individual requests,
the problems of professional formation of future specialists acquire special importance. Social
problems, wartime force educators to constantly improve their practical professional skills. Many
institutions switched to a distance learning format, and this led to the need to improve work skills with
the use of innovative teaching technologies. This has both positive and negative components. The
definition and substantiation of means of active learning in the mode of synchronous (asynchronous)
learning, which teachers successfully cope with, can be attributed to the positive. However, in
connection with remote learning, there is a problem with motivation, the manifestation of
independence, and the formation of self-management qualities of higher education students. There is a
problem of a positive influence on the motivational sphere of a modern student, which ensures his
success both in studies and success in future professional activities. Means of motivation for success
should be didactically and methodically coordinated with the needs and individual qualities of those
who study. Informatization, digitization of the educational process provides ample opportunities for
teachers' creativity. Modern IT technologies, especially cloud technologies, provide teachers with a
fairly convenient, free set of tools for activating the educational and cognitive activities of students,
including virtual whiteboards, multimedia presentations, tools for organizing group work, services for
creating tests, intelligence cards, supplemented and virtual reality. It should be noted that the quality of
information perception, motivation for activity increases when watching videos, listening to texts and
musical works. Motivation increases when the winners themselves take an active part in creating
drawings, multimedia presentations, etc. The influence on the development of the motivational sphere
of higher education seekers is complex and requires a lot of time and effort of teachers.

Key words: motivational sphere, distance learning, synchronous learning, perception of
information by students of higher education, means of influencing the development of the motivational
sphere of students of higher education
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Xomenko €.

XepcoHCbKHMH 1epKaBHUM YHiBepcUTeT, XepCcoH, YKpaiHa

CYYACHI METOJIM, MOJEJI TA TPOI'PAMHI 3ACOBH PEAJIIBAIIL TA
ONTUMI3AILIl CACTEM IOT (INTERNET OF THINGS)

Y crarTi OpeACTaBIeHO aHali3 Cy4YacHHX METONIB, MOJeNeld Ta I1HCTPYMEHTIB, IO
BUKOPHUCTOBYIOTBCS Y TPOIIEC CTBOPEHHs Ta onTuMmizamii cucreM [HtepHery peueit (IoT). [deransno
PO3MISTHYTO PI3HOMAHITTS MiJXOMIB 1 MPOrpaMHMX pIillleHb, IO Bi0OpaXkae TUHAMIYHE 3POCTaHHS Y
chepi aBroMaru3arlii, sIKi aKTUBHO PO3BHUBAIOTHCS SK MPOBIIHUMH MibkHapoaHuMmH IT-kommnanisMu,
takumu sk Google, Apple Ta Xiaomi, Tak i BiTuu3HsHUMH (pipmamu, 30kpema AJAX, i 3100yBatoTh
MOMYJISIPHICTh Ha PUHKY. Y CTaTTi BUCBITIEHO BaXIUBICTh [0T y pi3HHX acnekTax Ccy4acHOTO »KHUTTS,
BKJIFOYAIOUM €HEeproeeKTUBHICTh, OE3MEKy Ta ONTUMI3aIlil0 Oi3HEC-TIPOIeciB. ABTOp aKIIEHTY€E yBary
Ha TIOCTIHHOMY PO3BHUTKY TEXHOJOTIH, IO BIAKPUBAIOTH HOBI MOXKJIMBOCTI JUIsl KOPHUCTYBadiB Ta
CIPUSIOTH TOJIMIICHHIO SKOCTI IXHBOTO XUTT. Po3msHyTo Takox iHTerpamito loT y pisni cdepu
TISTTBHOCTI, [0 MOXKE TPU3BECTH JI0 3HAYHOTO MO3UTHUBHOTO BIUIMBY Ha CYCIIJIBCTBO Ta €KOHOMIKY.
OxpiM TOro, y CTarTi MOAAHO OMISAA iCTOpii PO3BUTKY HAIpsIMy IHTEPHETY peueil, IpeacTaBIeHO
€BOJTIOIII0 Ta KJIIOYOB1 BIXM y 1iH Taimy3i. Po3misiHyTO Tako)K CcydacH1 KOMYHIKAI[iiHI TEXHOJIOTI1, 5K €
ocHoBoto it [oT mpuctpoiB. ABTOp BU3Ha4dae 6a30Bi KpUTEpii, SKMM MMOBHHHI BiIMOBIIATH Cy4acHi
HaJIHI CUCTEMH, aHATI3YIOUW iX 13 momisiay epeKTHUBHOCTI, MacimrTaboBaHOCTI Ta Oe3neku. CtaTTs
TAKOK MICTHTh aHaNi3 KiIJIbKOX MOIMYJISPHUX FOTOBUX CUCTEMHHUX PIIICHb, IPEACTABICHUX HA PUHKY.
JI1s1 KOXKHOTO 3 HUX HABEJEHO XapaKTePUCTUKH, TIEpPEeBar, HEIOMIKM Ta YHIKaJIbHI ocoOmuBocTi. Lle
Jla€ MOXJIUBICTh IIMOIIE 3pO3YMITH PI3HOMaHITHICTh JOCTYIHMX BapiaHTIB Ta JONOMarae y BHOOpi
BI/IMOBITHOT CUCTEMH B 3aJISKHOCTI B/l iXHIX 1HIUBIAyadbHUX MOTPeO 1 Oromkety. CTaTTs € KOPUCHUM
pecypcoM ISl THX, XTO IIyKae OHOBJICHY Ta BHYEPHHY iH(opmarito mnpo cydacHi cucremu [oT ta ix
BITPOBA/KCHHSI.

Kurouosi caoBa: Internet of Things, MmeTonu kepyBaHHS MPUCTPOSIMH, 3acO0M aBTOMAaTU3allil,
CUCTEMH aBTOMaTH3allii

Yevheniy Khomenko

Kherson State University, Kherson, Ukraine

MODERN METHODS, MODELS AND SOFTWARE TOOLS FOR
IMPLEMENTATION AND OPTIMIZATION OF 10T SYSTEMS (INTERNET OF THINGS)

This article presents an analysis of modern methods, models, and tools used to create and
optimize Internet of Things (IoT) systems. It examines in detail the variety of approaches and software
solutions, reflecting the dynamic growth in the field of automation, which is being actively developed
by both leading international IT companies such as Google, Apple and Xiaomi, and domestic firms, in
particular AJAX, which are gaining popularity in the market. The article highlights the importance of
[oT in various aspects of modern life, including energy efficiency, security, and business process
optimization. The author focuses on the continuous development of technologies that open up new
opportunities for users and improve their quality of life. The author also considers the integration of
IoT into various fields of activity, which can lead to a significant positive impact on society and the
economy. In addition, the article provides an overview of the history of the Internet of Things,
presenting the evolution and key milestones in this area. Modern communication technologies that are
the basis for IoT devices are also considered. The author identifies the basic criteria that modern
reliable systems must meet, analyzing them in terms of efficiency, scalability, and security. The article
also contains an analysis of several popular off-the-shelf system solutions on the market. Each of them
is characterized by characteristics, advantages, disadvantages, and unique features. This provides a
deeper understanding of the variety of options available and helps in choosing the right system for
their individual needs and budget. The article is a useful resource for those looking for updated and
comprehensive information on modern IoT systems and their implementation.

Keywords: Internet of Things, device control methods, automation tools, automation systems
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