Information technologies and models of management 217

UDC 004.4 doi: 10.32620/reks.2024.4.18

Serhii DOTSENKQO!, Olga BANIT2, Dmytro NOR?, Olga MOROZOVA?

! Ukrainian State University of Railway Transport, Kharkiv, Ukraine
2 lvan Zyazyun Institute of Pedagogical Education and Adult Education
of the National Academy of Educational Sciences of Ukraine, Kyiv, Ukraine;
Kyiv National Economic University named after Vadym Hetman, Kyiv, Ukraine
% National Aerospace University “Kharkiv Aviation Institute”, Kharkiv, Ukraine

LOGICAL-SEMANTIC KNOWLEDGE MODEL
FOR THE KNOWLEDGE BASE OF A LECTURER

The subject of this study is the process of synthesizing a graphical logical-semantic knowledge representation
model with an open architecture for the knowledge base of a university lecturer. The purpose of the proposed
model is to develop a lecturer’s knowledge base using a graphical logical-semantic knowledge representation
model. The objectives of this study include: analysis of existing approaches to the formation of information
management systems for organizing the educational process in higher education institutions; definition of the
research methodology; analysis of the integrated four-factor architecture of the knowledge model about the
existence and activities of the socio-economic ecosystem; formation of a three-factor logical-semantic knowledge
representation model based on the results of the analysis; presentation of the practical implementation of the
three-factor logical-semantic knowledge representation model for the lecturer’s knowledge base; and summa-
rizing the research results and outlining future directions in the field of knowledge modeling for knowledge bases
with open architecture. The methods used include an approach that identifies general patterns and hypotheses
underlying the construction of lecturers’ knowledge bases to organize the educational process in higher educa-
tion institutions. The theoretical foundation proposes using a logical-semantic model of semiotics knowledge
because all known logical and logical-semantic knowledge models are representative objects of semiotics. The
following results were obtained. The current focus of implementing information technologies in educational
activities is on organizing educational processes in a distance format. At the same time, an important aspect of
lecturers’ work—providing information supports for their methodological activities—has been overlooked. This
work involves preparing initial materials, processing them, and forming the corresponding final materials in the
form of textbooks, educational aids, lecture notes, methodological guidelines, and presentations. This paper
proposes an architecture for a three-factor graphical logical-semantic knowledge representation model, which
defines an algorithm to form the corresponding knowledge base. According to the authors, this knowledge base
can be best implemented in Microsoft Excel. The advantage of this knowledge base model is its open architecture,
as users hold administrator rights over the knowledge base. The user makes decisions about including relevant
knowledge elements in the knowledge base. The inclusion of the "Students" factor in the knowledge base and
subsequent recording of their participation results in classes ensures the possibility of providing these results to
department and faculty management for further analysis. Conclusions. The architecture of the graphical logical-
semantic knowledge representation model and its corresponding knowledge base ensures the resolution of tasks
related to the preparation of methodological support for courses. It can also complement existing LMS (Learning
Management Systems) and LCMS (Learning Content Management Systems). The next step in using the formed
knowledge bases for relevant educational components (courses) is to create department knowledge based on
these knowledge bases. This ensures the formation and preservation of the department's intellectual potential
and transferability.

Keywords: logical knowledge representation model; logical-semantic knowledge representation model;
knowledge base with open architecture; semiotics.

1. Introduction instruction has been designated as online learning, which
requires the extensive use of information and communi-

The organization of educational processes under ~cation technologies, and specialized educational plat-
martial law, which is currently in effect in Ukraine, isre- ~ forms. Typically, higher education institutions operate
ceiving considerable attention. The main form of automated information management systems (IMS) that
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oversee the educational process at the administrative
level.

Developing a knowledge base for a lecturer is a
complex process that requires the combined efforts of
specialists from various fields and disciplines (academic
staff, technical support, methodological guidance, etc.).
It is evident that lecturers play a key role in this process.
They serve as the primary source of information on aca-
demic programs, teaching methods, and the specifics of
individual subjects. Their activities are focused on ensur-
ing a high-quality education. The primary indicator of a
lecturer’s effectiveness is his or her students’ academic
performance. However, in addition to teaching, lecturers
are required by their job descriptions to perform method-
ical, research, scientific, and monitoring work, as well as
engage in professional development. This highlights the
growing need for a knowledge base that systematically
encompasses all areas of a lecturer’s activities. Currently,
the widely accepted concept involves organizing the
work of a lecturer through the use of an Automated
Workplace of a Lecturer (AWL), which is an integral part
of the information management system of a higher edu-
cation institution (IMS). This raises the following ques-
tion: what is the role and place of AWL in the IMS? This
problem is further complicated by the fact that the archi-
tecture of an IMS can be developed based on at least three
approaches [1]:

- the IMS serves as a foundation for defining the
role and function of the AWL,;

- AWL serves as the foundation of the IMS;

- AWL is a self-sufficient knowledge base for or-
ganizing and conducting teaching and research activities
within higher education institutions.

However, no universally recognized concept or cor-
responding software product supports the organization of
a lecturer’s activities across all stages of the educational
process. This includes developing methodological mate-
rials for various forms of instruction and compiling re-
ports on the outcomes of each class. Therefore, the task
is to develop such a concept and provide a practical im-
plementation in the form of a knowledge model for a lec-
turer’s knowledge base. This paper proposes a transition
from the concept of an automated workplace to the con-
cept of a knowledge base.

1.1. Motivation

The primary activities of a lecturer at a higher edu-
cation institution include: conducting classes, preparing
teaching materials, conducting scientific research, and
organizational work.

Therefore, it follows that an important reserve for
improving the efficiency of a lecturer’s work is the use of
an intelligent decision support system in the form of an
expert system. Practically, this should be implemented as

an Automated Workplace (AW) for the lecturer. The key
element of an AW is the knowledge base. On the other
hand, the process of forming a knowledge base in the tra-
ditional expert system format is extremely complex and
time-consuming, requiring the involvement of experts,
knowledge engineers, and programmers. Clearly, this ap-
proach is not feasible for widespread use.

The main issue is the methodology underpinning
the formation of the knowledge base. According to [2],
the foundation of this methodology is formal logic the-
ory, which is used to construct logical knowledge repre-
sentation models. However, as explored in [3], there is a
methodology for developing graphical logical-semantic
knowledge representation models. The primary ad-
vantage of these models is their simplicity of implemen-
tation, for example, through the use of Microsoft Excel.

Thus, the task arises to develop a concept for creat-
ing a lecturer’s knowledge base based on the methodol-
ogy of forming graphical logical-semantic knowledge
representation models.

1.2. Analysis of Recent Studies
and Publications

The development of any database or knowledge
base always begins with a specific subject area. As the
analysis of recent scientific works over the past few years
shows, many studies have been dedicated to identifying
challenges for educational institutions related to the im-
plementation of online technologies—initially during the
pandemic and now in the context of the war in Ukraine.
In this regard, the main focus of researchers has been on
various aspects of distance learning, particularly students'
perceptions of open and distance education and their sat-
isfaction levels with it [4]. Distance learning requires
practical learning materials, digital tools, and online plat-
forms that facilitate interaction with educational content
for both students and lecturers. The authors of [5] ana-
lyzed the usability of existing platforms, highlighting
both their disadvantages and advantages. As the popular-
ity of online education continues to grow, many colleges
and universities are interested in understanding how
online learning courses affect student engagement. The
results of the empirical research presented in [6] demon-
strate important correlations between attending online
courses and student engagement.

In [7], an additional didactic aspect was explored,
specifically the transition from coordinating teaching and
learning activities to designing, forming, and mastering
individualized learning plans. The organization of as-
sessing distance learning results in Ukraine during mar-
tial law training was studied by Ukrainian scientists [8].
They focus on the periodicity, methods and forms of both
current and final assessment of student learning out-
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comes in distance education, the tools and methods pre-
ferred by lecturers for evaluating these outcomes and
changes in assessment procedures.

An important area of research is the study of expe-
rience in remote evaluation. In [9], the authors examined
the consequences of transitioning from in-person exams
to fully online exams. The results revealed that all aca-
demic performance indicators improved, and most stu-
dents responded positively to online assessments. At the
same time, the authors of [10] argued that online exams
are more prone to academic dishonesty than traditional
examinations. Currently, with the digitalization transition
from Education 4.0 to Education 5.0, the number of stud-
ies on the use of artificial intelligence (Al) in the educa-
tional process is increasing. In this context, contemporary
researchers are exploring ways to implement learning
management systems with generative Al functions [11];
the competency levels of lecturers in using Al tools in
educational activities [12]; the application of Al tools in
educational projects [13]; and the impact of Al on educa-
tional software [14].

However, very few studies have focused on the
technical and methodological support of lecturers. Some
studies have addressed the organizational and pedagogi-
cal conditions for using the digital environment in gen-
eral education institutions [15] and the pedagogical con-
ditions for creating an effective information-educational
environment in higher education institutions [16]. The
process of creating, populating, and administering
courses on the Moodle platform is described in [17]. The
authors also describe the process of creating Moodle
team files, which automate all tasks related to LMS and
MATE structures [18]. In [19], an overview of scientific
studies was provided, covering the quality design of
online courses, facilitating lecturers in online courses,
evaluating the quality of online courses, and engaging
students in online courses.

An example of an automated information system for
managing a higher education institution, the "Electronic
University," is demonstrated in [20]. The electronic sys-
tem for managing university educational programs was
discussed in [21]. Research that attempts to streamline
the processes and technologies used by lecturers to or-
ganize educational processes during wars, pandemics, or
other crises deserves special attention.

Although the processes for creating, receiving, pro-
cessing, and delivering information to end users have
been justified and practically verified in general educa-
tion systems [22], these issues remain problematic in
higher education.

Researchers are working on the following tasks:

— determine the educational resources to be used
based on their importance for student learning [23];

— streamline the process of student registration and
electronic class journal submission [24];

— identify opportunities for applying Al in higher
education [26].

Thus, innovative technologies can be divided into
the following categories:

— modular digital learning environments;

— massive open online courses (MOQOCSs);

— distance education technologies;

— LMS (Learning Management Systems);

— LCMS (Learning Content Management Systems).

Unfortunately, among these information technolo-
gies, there is no mention of intelligent information tech-
nologies, such as knowledge bases in the form of expert
systems.

It should also be noted that the composition of mod-
ular digital educational environments excludes Intelli-
gent Tutoring Systems (learning intelligent computer
systems), which are also based on artificial intelligence
technologies.

In our opinion, this is primarily due to the fact that
the development of systems based on the principles of ar-
tificial intelligence, as a rule, requires considerable time
and the involvement of experts in this subject area, a
knowledge engineer, and programmers.

This important direction has developed over the last
decade, as evidenced by international scientific events
such as the Future of Al Summit 2024.

At the same time, as shown in [3], several logical-
semantic knowledge representation models have been de-
veloped in semiotics, but unfortunately, they have not
been realized in the form of corresponding knowledge
bases using information technology tools. In our view,
this is because such a model must be transdisciplinary,
encompassing various fields (psychological-pedagogi-
cal, organizational-methodical, informational-communi-
cative, legal-regulatory, etc.).

In this context, it is important to emphasize that the
main sources of knowledge regulating a lecturer's activi-
ties are the normative documents of the Ministry of Edu-
cation and Science of Ukraine (MES of Ukraine) and the
regulatory documents of educational institutions.

Currently, one such regulatory document is the Or-
der of the Ministry of Education and Science of Ukraine
No. 775, dated June 21, 2023, "On the Approval of Forms
of Documents for the Training of Specialists in Institu-
tions of Higher (Professional Pre-Higher) Education”.

This order introduced nineteen forms of documents.

However, the list does not include documents that
organize lecturers' activities during the planning and im-
plementation processes, which were previously intro-
duced by the Ministry of Education and Science, Youth,
and Sports of Ukraine's Order No. 384, dated March 29,
2012, such as:
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Innovative technologies used by teachers to organize
the educational process during war
and other crisis conditions

— MODULAR DIGITAL LEARNING
ENVIRONMENTS

— | PIES (Personalized Integrated Education
System)

— | NGDLE (Next Generation Digital Learn-
ing Environment)

N MASSIVE OPEN ONLINE COURSES
(MOOC)

— MOOC platforms: Coursera, edX,
XuetangX, FuturelLearn, and Udacity

— Gamification technologies

— | OnlineTestPad — online constructor for
tests, quizzes, crosswords

— iLearn — educational platform with
online courses, tests, and webinars

— | Stepik — educational platform for creat-
ing online courses and lessons

— | Kahoot! — application that allows creat-
ing tests in a game format

- Quizizz — application for conducting
multimedia tests using QR code cards
with instant results

— DISTANCE EDUCATION

— | Skype, Viber, WhatsApp, Zoom, Face-

book — messengers for conducting clas-

ses in synchronous or asynchronous for-
mat

— | Google Classroom, Edmodo — applica-
tions for creating virtual educational plat-
forms with integrated video lessons and
electronic assignments

— LEARNING MANAGEMENT SYSTEMS
(LMS) AND LCMS (LEARNING CONTENT
MANAGEMENT SYSTEMS)

— | Moodle, IBM Lotus, Shareknowledge —
web services for organizing the educa-
tional process online

— Adobe Captivate Prime — cloud plat-
form for employee training by educating
students

— | Claroline — platform for managing pro-
jects and coordinating educational activi-
ties, with support for integration with
other resources

— Trello — a system for organizing group
work on projects, allowing users to create
boards with cards for each participant

— | Linoit, Padlet — virtual universal boards

where relevant notes with informational

posts, images, videos, and documents can
be pinned.

Fig. 1. Innovative Technologies Used by Lecturers
for Organizing the Educational Process During War,
Pandemic, or Other Crises

— Form No. H-4.02 (Volume of Educational Work
for the 20__/20__ Academic Year);

— Form No. H-4.03 (Distribution of Educational
Work in Hours);

— Form No. H-4.04 (Individual Work Plan of the
Lecturer);

— Form No. H-4.06 (Department Report on the Ful-
fillment of Educational Work).

Additionally, Form No. H-4.07 (Lecturer's Work
Log) was also introduced by the Ministry's Order No.
1110, dated December 5, 2008. These forms, especially
H-4.04 and H-4.07, are essential for planning lecturers’
activities and compiling reports on their work results.

The planning of educational activities for teaching
a course is based on the Working Program of the Course
(WP), a regulatory document of the higher education in-
stitution (HEI) that defines the place of the course in the
professional training system, its objectives, tasks, learn-
ing outcomes, and the competencies students must ac-
quire during the learning process.

An additional regulatory document in HEIs is the
Syllabus, which provides a detailed course outline. This
includes a description of the course, its objectives and
tasks, content modules, the titles of class topics, the du-
ration of each class, assignments for independent work,
consultation times, instructor requirements, assessment
criteria, and a bibliography. The syllabus also outlines the
content of lectures, practical sessions, and laboratory ses-
sions for each module, along with the duration of each
session.

Thus, the planning of daily teaching activities is or-
ganized on a weekly basis (through the Working Program
and Syllabus) and is later specified in the respective class
schedules. Reporting on the fulfillment of teaching re-
sponsibilities can be done through the Lecturer’s Work
Log (Form No. H-4.07), which is not a regulatory docu-
ment.

Currently, no universally accepted methodology ex-
ists for planning teaching activities that simultaneously
includes elements for weekly lesson planning and reflects
the results of these lessons, including the participation of
each student. This gap makes it difficult for lecturers to
establish corresponding knowledge bases to plan and im-
plement their activities effectively.

1.3. Purpose of the Article

The purpose of this article is to increase the effi-
ciency of the lecturer's activity due to the integration of
the main results of his educational activity into the lec-
turer’s knowledge base using the application of logical-
semantic models of knowledge representation.

The key tasks and stages of this research are as fol-
lows:
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Stage 1: Analyze existing approaches to developing
information management systems to organize the educa-
tional process in higher education institutions and iden-
tify strengths and weaknesses (Section 1).

Stage 2: Define the research methodology (Sec-
tion 2).

Stage 3: Analyze the integrated four-factor architec-
ture of the knowledge model related to the existence and
functioning of the socio-economic ecosystem. Based on
this analysis, we develop a three-factor logical-semantic
knowledge representation model (Section 3).

Stage 4: Development of proposals for practical im-
plementation of the three-factor logical-semantic

knowledge representation model for lecturers’
knowledge base in higher education institutions (Sec-
tion 4).

Stage 5: Summarize the research results and outline
future directions for developing knowledge modeling in
lecturer knowledge bases (Section 5).

2. Research Methodology

The research approach involves identifying general
patterns and hypotheses that form the foundation for
building knowledge bases for lecturers in higher educa-
tion institutions. The theoretical basis of this study is the
use of a logical-semantic knowledge model from semiot-
ics. The rationale for this choice is that all known logical
and logical-semantic models of knowledge are repre-
sentative semiotic objects [3].

3. Research Materials

An analysis of recent studies and publications re-
veals that the innovative information technologies used
by lecturers to organize educational processes are applied
in the development of [26]:

- modular digital learning environments;

- massive Open Online Courses (MOQOCS);

- distance education technologies;

- LMS (Learning Management Systems);

- LCMS (Learning Content Management Sys-
tems).

Unfortunately, none of these innovative infor-
mation technologies include the development of
knowledge base models for lecturers and higher educa-
tion students.

On the other hand, according to [1], the Automated
Workplace of a Lecturer (AWL) is an integral part of the
Information Management System of a Higher Education
Institution (IMS HEI). The architecture of this system
can be developed using at least three approaches:

The IMS HEI serves as the foundation for defining
the role and tasks of the AWL,;

The AWL serves as the basis for the formation of
the IMS HEI;

The AWL is a self-sufficient knowledge base for or-
ganizing and implementing the pedagogical and scien-
tific activities of the lecturer.

We have chosen the third approach, which envi-
sions the development of a self-sufficient knowledge
base for organizing and implementing the pedagogical
and scientific activities of the lecturer. The feasibility of
this task was demonstrated in [3], where it was demon-
strated that, in addition to traditional knowledge bases
built on logical knowledge representation models (expert
systems), there are graphical, logical-semantic
knowledge representation models. The primary ad-
vantage of these models is the openness of the physical
model’s architecture to the user.

According to [3], the simplest graphical logical-se-
mantic knowledge representation model is a regular table
that includes a header and sidebar. An example of such a
table is a weekly class schedule. Typically, the header
consists of a set of course codes for the corresponding
academic program. The sidebar contains days of the
week and the corresponding time slots for the classes.
The cells in the table contain the course name, session
type, lesson topic, lecturer name, and classroom number.
According to semiotic theory, this table can be classified
as a two-factor logical-semantic knowledge representa-
tion model.

Examples of such tables are also found in the "Lec-
turer's Work Log." Let's consider the table titled "Record
of the Lecturer's Teaching Work," where the header in-
cludes the following elements in Table 1.

Table 1
Record of the Lecturer's Teaching Work

Stream Code
or Academic
Group

Course
Title

Date

Lesson Topic
Type of Session
Number of Hours

The table you uploaded appears to be titled "Results
of Semester Control, Defense of Educational Modules"
and includes the following elements in its header, as
shown in Table 2.

ECST (European Credit Transfer and Accumulation
System credits) A characteristic feature of these tables is
that one of the two factors that shape the table is the time
factor. The eight-factor logical-semantic models studied
in [3] exclude the time factor; they are designed to repre-
sent the knowledge that characterizes objects and their
properties.
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Table 2
Results of Semester Control: Defense of Educational Modules

Surname Attendance Record Summary
and Results, Date
and
Ne [ Initials of E‘é = |
the ES O |8
Student Zs| = |©

Among the four-factor logical-semantic models
studied in [27, fig. 14.14], one includes the time factor
(Fig. 2). Based on the structure of this model, it is possi-
ble to develop a three-factor logical-semantic knowledge
representation model (Fig. 3).

In this architecture, two tables are combined, with
time serving as the common factor. This allows for inte-
grating dialectically opposing factors:

- Process factors of organizational activities.

- Process factors of technological activities.

Contimnty Time
of time
Discreteness
of time
Technological Organizational
activity activity Spa-:ek
Process Discreteness
Factors of space
Orgamizational
activity
Resource Technological
Factors activity

Fig. 2. Integrated Four-Factor Architecture
of the Knowledge Model on the Existence
and Activities of the Socio-Economic Ecosystem

Process factors of
technological
activity

Process factors of
organizational
activity

Time

Fig. 3. Architecture of the Three-Factor
Logical-Semantic Knowledge Representation Model

By incorporating the time dimension into these
knowledge representation models, the system can better

track dynamic changes and activities over time, ensuring
that both organizational and technological processes are
adequately captured and reflected in the knowledge base.
This integration helps construct more flexible and com-
prehensive models that align with real-life processes.

The task now arises to define the specific content of
the elements of these factors according to the structure
and organization of the educational process. The educa-
tional activity is carried out through interaction between
the lecturer and student. This interaction can take differ-
ent forms, but it is most effectively realized during in-
class activities. This activity is represented in the form of
problem-solving tasks. The lecturer is responsible for de-
scribing the relevant tasks, and the student is responsible
for solving them.

Formulating tasks implies structuring knowledge
for various educational activities such as lectures, practi-
cal and laboratory sessions and independent work. The
challenge for students is to acquire the necessary compe-
tencies by mastering the knowledge provided.

Thus, the lecturer selects the appropriate tool (plat-
form) for the "materialization" of the formulated tasks.

The following tasks are proposed to be included in
the set of factors titled "Process Factors of Organizational
Activity (PFOA)" (Table 3):

— reparation of lecture materials by the lecturer;

- preparation of practical session materials by the
lecturer;

- preparation of laboratory work materials by the
lecturer.

The following tasks are proposed to be included in
the set of factors titled "Process Factors of Technological
Activity (PFTA)":

- Student mastery of knowledge presented in lec-
ture materials;

- Student acquisition of practical skills during
practical sessions;

- Student acquisition of abilities during the execu-
tion of laboratory work.

The task is to select the appropriate tool to form the
proposed architecture of the three-factor logical-semantic
knowledge representation model. This architecture in-
cludes two interconnected tables; thus, it is rational to im-
plement this model in Microsoft Excel.

A further development of this model would be to
include knowledge carriers for each element in the
formed matrices. For example, additional folders titled
"PFOA - Time" and "PFTA - Time" could be created in
advance to store the relevant materials for each task.

This approach would allow for a more structured
and flexible organization of the knowledge base, aligning
it with the educational process, where both organizational
and technological activities are tracked and monitored
over time.
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Table 3
Example of a Physical Model for the Three-Factor Logical-Semantic Knowledge Representation Model
for a Lecturer's Knowledge Base
Process Factors of Organizational Activity Process I_:actors .
of Technological Activity
Lectures (L) Practical Sessi- | Laboratory Weeks Surname, first name, patronymic
ons (PS) Work (LW) of the student
L PS LW
Topic 1 Topic 1 Topic 1 1 Points Points Points
2
3

In the folder "PFOA - Time" (Process Factors of Or-
ganizational Activity), it is possible to create additional
subfolders titled "L" (Lectures), "PZ" (Practical Ses-
sions), and "LR" (Laboratory Work). Similarly, in the
folder "PFTA - Time" (Process Factors of Technological
Activity), subfolders can be created for each student. This
structure allows users to navigate directly to the content
of each folder via hyperlinks from specific cells in a ta-
ble. For example, clicking on the cell corresponding to
"L" (Lectures) links to the content stored in the "L"
folder, where lecture files can be organized and stored.

Another option involves using more specific hyper-
links from individual cells. In this scenario, within the
"L" folder, additional subfolders can be created for each
lecture topic. For example, clicking on the cell labeled
"Topic 1" would direct the user to the "Topic 1" folder in
the "L" folder.

For the folder "PFTA - Time," similar subfolders
can be created to store files related to the students’ per-
formances and results. These could include reports from
laboratory work, outcomes of practical sessions, and
other relevant materials documenting the students’ mas-
tery of the learning material.

This physical model allows for the structured organ-
ization of both the lecturer’s teaching materials and stu-
dents’ results, enabling easy access to and management
of the educational process. Using hyperlinks within Ex-
cel, each element of the knowledge base can be effi-
ciently navigated, thereby making the system user-
friendly and enhancing the organization of the
knowledge base.

4. Practical Case: Implementation
of a Three-Factor Logical-Semantic
Knowledge Representation Model
for a Lecturer's Knowledge Base

Table 3 presents an example of the implementation
of this logical-semantic knowledge representation model
for the course "Information Systems and Information
Technologies".

The set of elements under "Process Factors of Or-
ganizational Activity" (PFOA) includes an additional el-
ement, "Hours/Date," placed next to each task. This en-
sures the recording of the session’s duration and date.

The set of elements under "Process Factors of Tech-
nological Activity" (PFTA) includes the elements "Sur-
name, First Name, and Patronymic" (PIB) for each stu-
dent. Additionally, for each of these elements, the follow-
ing are included: "Lecture (L)", "Practical Session (PZ)",
and "Laboratory Work (LR)." These additional elements
ensure that student participation in the respective ses-
sions is recorded.

The "Time" factor includes the elements "Schedule"
and "Week." The inclusion of the "Schedule™ element al-
lows links to the relevant schedule file via a hyperlink.
The "Week" element enables the formation of topics for
each week. Each week corresponds to a row in which the
session date, session duration, class hours (periods), ses-
sion types planned (Lecture, PZ, LR), and location are
indicated. An important part is information about stu-
dents’ attendance and their activities during the session,
which is determined by the corresponding score accord-
ing to the Working Program of the Course. The results of
the students’ educational activities are determined after
the completion of the module. The knowledge base also
includes a row where test control results are recorded
along with the total score. A key advantage of this
method for constructing a knowledge base is that any cell
can be linked via a hyperlink to the corresponding folder.
This applies to both elements of the sets of respective
model factors and cells formed because of the Cartesian
product operation of adjacent factor elements. These
folders can store specific files containing the knowledge
that forms the content of the relevant session (Table 4).

An important feature of these folders is that they can
also store additional materials used during the prepara-
tion of the final content of the knowledge to be presented
in the sessions. From this perspective, the proposed ar-
chitecture of the logical-semantic knowledge representa-
tion model can be used as a tool that facilitates an im-
portant aspect of a lecturer’s work, namely, the develop-
ment of methodological support.
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Table 4
Example of the Architecture of a Logical-Semantic Knowledge Representation Model
for the Course "Information Systems and Information Technologies™
Knowledge base for the discipline " Information Systems and Information Technologies""
2 2 = | Lecture Topics | & 2 = CI% 8 g = % Schedul Fullname of the | Fullname ofthe | Full name of the
S8 |2 |€] [Auditorium | & | @ | & |FESIOKSL 8 ) 5 | & | LORISE | SCRSAUEN sy gent, student. student.
[ Auditorium Auditorium
Module 1: Theoretical Foundations of Information Technologies Week L|PS|{twW] L |PS|LW] L [PS|LW
0208 |2 |1 |Topicl 02.08. PS1 2 LW 1 1 ol22)4f2]2
2 Topic 2 2 PS2 2 LW 2 2 412 2)4af2]2
2 Topic 3 2 PS3 2 LW 3 3 412 2)4af2]2
2 Topic 4 2 PS4 2 LW 4 4 412 |2)4af2]2
2 Topic 5 2 PS5 2 LW 5 5 412 |2)4f2]2
2 Topic 6 2 PS 6 2 LW 6 6 52|25 2]2
2 Topic 7 2 PS7 2 w7 7 5 3|3|5]| 3] 3
Current Control 26 | 15 [ 15 30 | 15 | 15
Test 40 40
Overall Points 96 100
Content Module 2: Theoretical Foundations of Automated Information Technologies Week L|PS|W]|] L [PS|LW] L |PS|LW
2 Topic8 2 PS8 Lw 8 8 s l2|2
Topic 9
2 2 PS9 2 LW 9 9 41 2| 2
2 Topic 10 2 PS 10 2 LW 10 10 4 2|2
Topic 11
2 2 PS11 2 LW 11 11 41 2| 2
Topic 12
2 2 PS 12 2 LW 12 12 3| 2|2
2 Topic13 2 PS13 2 Lw 13 13 | 4|2]|2
Topic 14
2 2 PS 14 2 LW 14 14 3| 2|1
2 Topic 15 2 PS 15 2 LW 15 15 4 11| 2
Current Control 30| 15| 15
Test 40
Overall Points 100

By linking cells to folders with relevant teaching
materials, the architecture ensures that lecturers can eas-
ily access, update, and present the necessary content for
each session. This makes the model an effective organi-
zational framework for managing educational content
and preparing for classes.

5. Discussion

From the literature analysis, it is evident that current
efforts in the implementation of information technologies
in educational activities are predominantly focused on
the organization of educational processes in online for-
mats. At the same time, a crucial area of lecturers’ work
is often overlooked: informational support for their me-
thodical activities. This work involves the preparation of
source materials, their processing, and the formation of
final materials such as textbooks, educational aids,

lecture notes, methodological guidelines, and presenta-
tions. The three-factor logical-semantic knowledge rep-
resentation model proposed in this paper (see Table 3)
outlines an algorithm to form a relevant knowledge base.
The authors believe that the best implementation of this
knowledge base can be achieved using Microsoft Excel
(see Table 4). The advantage of this knowledge base
model is its open architecture, as users have administrator
rights to manage the knowledge base. The user can select
the knowledge elements to be included in the base. Addi-
tionally, incorporating the "Students" factor and tracking
their participation in lessons allows for providing these
results to department and faculty leadership for further
analysis.

The proposal to use Microsoft Excel to form the in-
terface of the knowledge base is due to the fact that the
basis of the formation of logical-semantic models of
knowledge representation is ordinary tables (matrices),
the modeling of which is expedient to be carried out with




Information technologies and models of management

225

the help of a table processor. It is important that hyper-
links are easily implemented in this application. At the
same time, programming using Visual Basic is practi-
cally not used. This gives lecturers who do not possess
the technologies of traditional databases and knowledge
the opportunity to independently develop their own
knowledge bases.

Because universities usually have licensed Mi-
crosoft Office products, lecturers have free access to use
these products.

6. Conclusions and Future
Research Directions

The formation of data and knowledge bases using
traditional technologies requires the involvement of rele-
vant information technology specialists. For the for-
mation of knowledge bases, experts with knowledge,
knowledge engineers, and programmers are involved. At
the same time, appropriate database and knowledge base
management systems are also used.

It should also be noted that data and knowledge ba-
ses are used by users to solve problems by searching for
solutions in relevant databases.

Currently, a generally recognized method for de-

signing knowledge bases using logical-semantic
knowledge representation models has not been devel-
oped. If such methods and corresponding tools are devel-
oped and actively used in traditional intelligent infor-
mation technologies, then such methods and correspond-
ing tools are only being developed for researched
knowledge bases based on logical-semantic ones.
It should also be noted that procedural knowledge is not
employed in the developed knowledge bases. This is ex-
plained by the fact that elements of knowledge are placed
in the corresponding nodes of the coordinate axes, as well
as in the nodes of inter-coordinate matrices in the form of
concepts. The semantic component of the knowledge is
determined by the meaning of the concepts that define the
coordinate axes and nodes on these axes.

Unfortunately, this form of knowledge presentation
does not allow the inclusion of knowledge presented on
electronic media in these nodes. The proposed applica-
tion of matrices in the form of spreadsheets solves this
problem. This is explained by the fact that an electronic
carrier of specific knowledge is combined with the cor-
responding cell of the matrix via hyperlinks. In this case,
the search for the necessary knowledge is excluded. It is
sufficient to choose appropriate coordinate axes and,
based on the specified elements on these axes, to find a
node in the corresponding matrix that indicates the path
to the necessary electronic knowledge carrier.

From another perspective, the activity of any spe-
cialist is always purposeful. This leads to the primary task
of forming the purpose of the activity. In physiological
cybernetics, the purpose of an activity is considered a
project of future activity.

It is proposed to form such a project based on a log-
ical-semantic model of the knowledge representation that
constitutes the content of the lecturer's activity. Logical-
semantic models are part of logical models of knowledge
representation, along with frames, semantic networks,
graphs, and production models.

The main difference from other knowledge repre-
sentation models is the openness of the architecture of
logical-semantic knowledge representation models for
their developers due to the use of appropriate graphic
models. At the same time, the original architecture of this
model is universal. In this case, the lecturer is given the
opportunity to independently establish an appropriate
knowledge base.

Thus, the logical-semantic model of knowledge rep-
resentation for the knowledge base is designed to solve a
completely different problem, namely: planning the lec-
turer’s activity with the determination of the necessary
resources and time with the results recording of the im-
plementation of this activity.

Since the interface of such a logical-semantic model
of knowledge representation is open to the lecturer (white
box), the need to search for the necessary methodological
materials in the knowledge base is eliminated. After all,
at the stage of its formation, its location is determined
with precision to the corresponding file or folder.

The proposed architecture of the graphical logical-
semantic model of knowledge representation and the cor-
responding knowledge base can be used autonomously.

It can also be added to existing LMS (learning man-
agement system) and LCMS (learning content manage-
ment systems) systems.

To assess the level of improvement in the lecturer’s
activity, it is proposed to use the following indicators. As
a quantitative indicator, determine the number of special-
ists that need to be involved in the development of the
knowledge base. With the traditional approach to devel-
oping a knowledge base in the form of an expert system,
it is necessary to involve a knowledge expert (lecturer), a
knowledge engineer who owns the technology of extract-
ing knowledge from the lecturer, and a programmer.
With the proposed approach, the lecturer implements
both the stage of knowledge formation and its presenta-
tion in the knowledge base. In this case, there is no need
to involve a knowledge engineer or programmer. There-
fore, the development time is reduced by more than 60%.
The development time is also reduced because the archi-
tecture of the physical model of the knowledge base is
universal and does not require additional time for devel-
opment.

As a qualitative indicator of improving the effec-
tiveness of the lecturer's activity, it is proposed to deter-
mine the completeness of coverage of the main stages of
the lecturer’s work. As arule, the lecturer performs a pre-
liminary selection and preparation of educational and
methodological materials and then develops their final
version. Then, according to the schedule, the correspond-
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ing classes are held, during which the level of participa-
tion of applicants in conducting classes is assessed. Thus,
the proposed method of forming the lecturer's knowledge
base ensures the integration of the main results of the ac-
tivities of both the lecturer and applicants into a single
knowledge base. A fully formed lecturer's knowledge
base can be included in the department's knowledge base.

In this way, the formation and preservation of the
intellectual potential of the department and the possibility
of its transfer are ensured.
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JOI'TKO-CMHUCJIOBA MOJEJIb 3HAHbD J1J151 BA3U 3HAHB JIEKTOPA
C. I Jlouenxo, O. B. banim, /1. 1. Hop, O. 1. Mopo3osa

IIpeamMeTom BUBUYEHHS B CTATTI € IPOLECH CUHTE3Y rpa)ivHOI JIOT1KO-CMUCIOBOT MOZIEINI IPEICTABICHHS 3HAHb
3 BIAKPHUTOIO apXiTEKTypOIo A 0a3u 3HaHb BUKJIa/1ada BUIIOTO HABYAJIFHOTO 3akiiaxy. MeTolo € 0a3u 3HaHb BUKJIA-
Jada 3 BUKOPHCTAHHAM TpagidHOi JOTiKO-CMHCIOBOI MOJENI MPEACTAaBICHHSA 3HaHb. 3aBAAaHHAMHU JAaHOTO JIOCi-
JOKEHHS €: aHaJIi3 ICHYIOUHX IMiIXOiB 10 GopMyBaHHA iH(OPMAIITHO-YIPaBISIFOUNX CUCTEM IS OpraHi3alii HaB4a-
JEHOT'O MPOIIECY Y 3aKiIajaX BUIOi OCBITH; BU3HAYCHHS METOIOJIOTI] TOCI IKSHHST; aHaJli3 iIHTerpOBaHOl YOTHPH (a-
KTOPHOI apXiTEeKTYpH MOJIEINi 3HaHb NP0 iICHYBaHHS Ta MiSUTBHICTH COIialIbHO-€KOHOMIYHOI €KOCHCTEMH, (HopMy-
BaHHS Ha OCHOBI PE3yIbTATIB aHATI3y JaHOI apXITEKTYPH TPHOX (PAKTOPHOI JIOTIKO-CMHUCIIOBOI MOICNI TIPEACTaBICHHS
3HaHb; MIPEJCTABJICHHS MIPAKTUIHOI peamizarii Tpu (HaKTOPHOI JOTiKO-CEMAaHTHYHOI MOJIEITi TIPEICTABIICHHS 3HAHb JIJIS
0a3u 3HaHb BUKJIa/lada BHIIIOTO HAaBYAIEHOTO 3aKialy; y3aralbHEHHS Pe3y/IbTaTiB IOCIIHKEHHS Ta OKPECICHHS Maii-
OYTHIX HaNPSAMKIB PO3BUTKY B Tally31 MOAETIOBAHHS 3HAHD [UIA 0a3 3HAHB 3 BIAKPUTOIO apXiTekTyporo. Bukopucro-
BYBaHMMH METOAMHU €: ITiJIXi]l, AKWi Iepeadayae BUABICHHS 3aTajJbHUX 3aKOHOMIpPHOCTEH 1 rinoTes, AKi CKIaIaloTh
OCHOBY TI00OYyZI0BY 0a3 3HaHb BUKJIAJadiB JJIs OpraHi3alii OCBITHROIO MPOIIECY y BUIMX HaBYAIBHUX 3akianax. Teo-
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PETUYHOIO OCHOBOIO NPOIIOHYETHCSI BUKOPUCTOBYBATH JIOTIKO-CEMAaHTUYHY MOJENb 3HAaHb ceMioTHKH. OCHOBOIO Ta-
KOT0 PillIeHHS € Te, 110 BCi BiJIOMi JIOT14HI Ta JIOT1KO-CMHUCIIOBI MOZIEN 3HaHb € PENPE3eHTaTUBHUMH 00'€KTaMH CeMi-
oTuKH. OTpumani Taki pesyabraru. BcraHOBIIEHO, 10 Ha 11€if Yac OCHOBHA yBara IpH BIPOBa/HKEHHI 1H(pOpMaIlifHUX
TEXHOJIOTIH B OCBITHIN JisUTRHOCTI 30CE€peKeHa Ha OpraHi3allii OCBITHHOTO MPOIECY B AUCTaHLiHHOMY ¢opmarti. B
TOH K€ Yac, 1103a yBaroo 3aJIMIIAETHCS BAXKIMBUHA HANPSMOK poOOTH BUKIIAJadiB, a came: iHpopmailiHe 3abe3me-
YeHHs 1X JisUTbHOCTI NPY BUKOHAHHI MeToAM4YHOI poboTu. Lls poboTa 1o’ s13aHa 3 i ArOTOBKOIO BUXIIHUX MaTepiajiB,
X ormparroBaHHsIM, (OpMyBaHHIM BIAMIOBIHMX KIHIIEBUX MaTepialiB y (hopMi IiJpyIHUKIB, HABYAJILHHUX TIOCIOHUKIB,
KOHCIIEKTIB JIEKIIii, METOIMYHHX BKa31BOK, IPE3EHTAIli{, TOIIO. 3alpOIIOHOBAaHA Y CTATTi apXiTeKTypa rpadidHoi TpH
(haKTOPHOI JIOTIKO-CMHUCIIOBOT MOJENI TNpEACTaBJICHHS 3HaHb BH3HAYA€ aNTOPUTM (OPMYyBAHHS BiAMOBIAHOI 0a3u
3HaHb. Ha nymMKy aBTOpiB Halikpaie s 0a3a 3HaHb MOXKe OyTH peanizoBaHa y noaatky Microsoft Excel. [TepeBaroro
uiei Mozieni 6a3u 3HaHBb € BIIKPHTICTH i apXiTEKTYpH Ul KOPUCTyBaya, a/Ke BiH Ma€ IpaBo aiMiHicTpaTopa Ii€l
0a3u 3HaHb. BiH npuiiMae pilmeHHs Mpo BKIFOYEHHS BIJNOBIAHUX €JIEMEHTIB 3HaHb y 0a3y 3HaHb. BKiroyeHHs 10
ckiagy 6a3u 3HaHb QakTopy «3100yBayi OcBITHY i TociTyto4oi (hikcalii pe3yabTaTiB X y4acTi y NpOBEI€HHI 3aHATh
3a0e3neuye MOXKIIMBICTh HaJaHHsI IIUX Pe3yNbTaTiB KepiBHUUTBY Kadenpu i (pakyabTeTy JUIsl TOCHTiIyI040ro aHami3y.
BucHoBkH. 3ampornoHoBaHa apXiTekTypa rpadigHol JOriKo-CMHCIOBOI MOJIETI MPECTaBICHHS 3HaHb W BiIIOBiIHA
it 6a3a 3HaHb 3a0e3Meuye BUPIIICHH 3a/1a4 i JrOTOBKH METOANYHOTO 3a0e3MeyeHHs TUCIMILTIH. BoHa Takox Moxe
OyTH TOTTOBHEHHSM JI0 ICHYIOUMX CHCTeM LMS (cucremu yrpapiiHds HaBuaHHsM) Ta cucteM LCMS (cucreMu yrpasiiHHs
3MicToM HaByaHHs). HacTyITHIM HanpsIMKOM BUKOPHCTaHHs cpopMoBaHHMX 0a3 3HaHb ISl BiJIMOBIIHUX OCBITHIX KOM-
TIOHEHTIB (AMCIMIUTIH) € (JOpMYyBaHHS Ha X OCHOBI BiINOBiAHOT 0a3u 3HaHb Kadenpu. TakuM yMHOM 3a0e31euyeThCs
(opMyBaHHS i 30€peKEHHS IHTENIEKTYaJIbHOr0 MOTEHIIAY Kadeapyu i MOXKIIMBICTh HOTO Iepenayi.

KurouoBi ci1oBa: jioriuHa MOJIeNTb PEICTaBICHHsI 3HaHB; JIOT1KO-CMUCIIOBA MOJIENh TIPE/ICTABIICHHS 3HaHb; 0a3a
3HaHb 3 BiJIKPUTOIO apXiTEKTYpPOIO; CEMIOTHKA.
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