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INFORMATION TECHNOLOGY OF THE ACQUIRING PROFESSIONAL
COMPETENCIES PROCESS IN THE E-LEARNING MANAGEMENT SYSTEM
ENVIRONMENT BY CONSTRUCTION AN EDUCATIONAL TRAJECTORY

Abstract. The subject matter of the article is the construction of an educational trajectory in the environment of an
electronic learning management system (ELMS). The goal of the study is the development of information technology
ensures the effective use of web-resources in technical disciplines at a university for the acquisition of professional
competencies in modern conditions. The tasks to be solved are: to organize the web environment in the e-learning
management system (ELMS) for studying the discipline in a technical university on the principles of information
technology; to construct an educational trajectory for the acquisition of professional competencies in technical disciplines
at a university according to Bloom’s taxonomy; to search ways to optimize the processing of information on web resources
using the mathematical apparatus of graph theory; to develop of a recommendation on the construction of an educational
trajectory for the professional competences acquisition. General scientific and special methods of scientific knowledge are
used. The following results were obtained: The process of acquiring professional competences in the web-environment of
the e-learning methodological complex is presented in the structure of information technology. Based on the functional
distribution of teaching aids, a flowchart of the e-learning methodological complex and an algorithm for achieving the
formed competence as the ultimate goal of the educational trajectory according to Bloom’s taxonomy have been created.
The use of web-resources in technical disciplines at a university for the acquisition of professional competences is
presented in the form of a network graph, the optimization of which provides recommendations for building an educational
trajectory. Conclusions. The e-learning management system of the technical profile disciplines at the university is an
information technology that ensures the implementation of an individual approach to learning and the gradual assimilation
of educational material according to the principle “from simple to complex”. According to the functional purpose, learning
tools can be divided into elements of the traditional system, which provide for an off-line learning format and elements of
the distance learning system, which are part of the complex. In general, information technology for the acquisition of
professional competences can be based on an educational trajectory based on Bloom’s taxonomy. In order to create
conditions for effective information interaction between teachers and students, integration of applied software products,
databases, as well as other teaching aids and methodological materials that provide and support the educational process, it
is advisable to conduct it through decentralized placement of teaching materials on relevant web resources and organization
of intermediate control in a manner sufficient to conclude on the formation of professional competence.
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Introduction

Formulation of the problem and research tasks.
Today it is hard to imagine the educational process in
higher education without the use of information
technology. It is generally accepted that the use of
information technologies can significantly improve the
efficiency of the educational process, organize the
interaction of all learning subjects in a new way, and
build an educational system in which students would be
active and equal participants. While understanding such
a student-centered education strategy, it is impossible
not to take into account the circumstances and current
challenges.

The search for ways to solve this problem showed
that the topic of development and application of new
innovative approaches and learning technologies that
can meet today's requirements has gained great
popularity.

Back in 2020, due to the COVID-19 pandemic,
distance learning was widespread in Ukraine. This
experience came in handy due to a full-scale attack by
Russia. Internal and external migration, shelling, lack of
Internet or gadgets are modern challenges to education
and, accordingly, to information technologies as well. In

the conditions of a global pandemic, military actions on
the territory of Ukraine, the implementation of
systematic missile attacks by the aggressor on training
centers and training grounds, the lack of a sufficient
number of training samples for the training of highly
qualified specialists from various complex technical
systems, the question of high-quality training in a short
period of time for a large number of learners with a
minimum number of physical elements of learning.
Providing training centers with a sufficient amount of
equipment and machinery in a short period of time is an
urgent problem in such conditions.

The search for ways to solve this problem has
shown that the development and application of new
innovative approaches and learning technologies that
can meet today's requirements have gained great
popularity.

But it is the modern circumstances that impose
certain requirements on IT [1, 2]. So, they are: the
formation of a web-space, such that traditional means
(collection) can be replaced without losing the quality of
practical skills; search on the Internet with the
possibility of educational and methodological materials,
their effective interaction according to algorithms that
would ensure optimal use of resources and efficiency
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from the technical and methodological component; a
flexible mechanism for developing educational
trajectories taking into account the circumstances
(online learning, asynchronization of the educational
process, etc.); impacts and effective use of materials
according to selected criteria.

Analysis of recent research and publications.
The definition of IT is given in sources from the end of
the last century. During this long journey, the definition
was refined from all sides according to the field of
application. We will provide a legal definition that can
be used as a reference for this work. By information
technology we will understand a purposeful, organized
set of information processes using computing tools that
provide high data processing speed, fast information
search, data distribution, access to information sources
regardless of their location [3]. Publications in this field
are mainly declarative in nature, defining the main
characteristics and properties.

The basic principles of IT construction defined in a
number of sources [4, 5] will be useful. This is an
interactive (dialog) mode of working with a computer;
integration (docking, interconnection) with other
software products; flexibility of the process of changing
both data and task statements. But these are obvious
slogans without implementation mechanisms.

When narrowing down to the field of education, in
particular  higher education, the approach to
understanding the information technology of education
is considered in various descriptive aspects. Most of the
publications are dedicated to the mechanism of the
formation of the web space. In this regard, some
researchers define the information technology of
education as scientific knowledge that investigates the
peculiarities of the entire educational process. Others
see technology as a way of understanding. But,
according to experts, only simple linear storage of
information is implemented as the most simple but
extensive process, all the more devoid of interactivity.
To be fair, the authors have both the theory and practice
of filling the environment with educational and
methodical materials, such as 3D-tours, tests and so on
[6-8].

Developers of information technologies in
education specify the individualization of educational
behavior, believing that the characteristics of a person-
oriented approach to learning are most clearly
manifested in it: flexibility, modularity, accessibility,
profitability, mobility, technology, social equality,
internationality.

Thanks to modern platforms and software, there is
an opportunity to develop innovative forms and
techniques in educational activities. One of the ways to
solve the mentioned problem is the use of modern tools
and the development of e-learning electronic
management system (ELMS) of relevant profile
orientations. In the vast majority, ELMS only performs
the functions of a virtual repository, where educational
materials are stored — from electronic notes to work
programs of educational disciplines.

The possibility of automatic processing of a large
number of tests when using the control-diagnostic

module of the complex is considered as a positive
aspect of using ELMS. But the procedure for using such
a module in the context of the effectiveness of the
functioning of the entire ELMS has not been sufficiently
studied. The criterion for optimizing the processing
process is the timeliness of providing information to the
user. Moreover, the developers of ELMS do not take
into account the limitations on resources, in terms of
time.

The development and use of a wide range of
electronic educational resources is considered one of the
promising areas of the education system, in particular
higher education. Among the variety of electronic
educational resources, the indisputable advantage
belongs to ELMS are electronic learning means of the
new generation and are focused on the innovative
development of education. A specific feature of ELMS
is the integration into a single system of electronic
training tools of various natures [9-11].

One of the characteristics of the educational
environment is the provision of access for students and
teachers to structured educational and methodological
materials, electronic learning management system and
their use in any place, at any time and at any pace. In
addition to the availability of educational material, they
provide students with the opportunity to communicate
with the teacher, receive online consultations, as well as
the opportunity to receive individual “navigation” in
mastering disciplines.

Specialists determine the importance of methodical
and mathematical support of information technology
and its primacy in relation to software, information,
personnel, organizational and ergonomic support.

Information and organizational support are
regulated by the university standards, educational
programs, etc. [12, 13].

The software is developed in various variations
[14-16]. However, software, like other material, is
designed to implement the methodology. No detailed,
and most importantly, scientifically based methodology
for constructing the trajectory has been proposed. It is
not defined according to which efficiency criteria it
should be considered optimal.

Unsolved issues of what limitations should be
taken into account during development and what is the
purpose of creating this IT; which may be an
opportunity to make changes when external influences
change, to adjust software, information, personnel,
organizational and ergonomic support.

Therefore, the construction of information
technology that ensures the effective use of web-
resources from educational disciplines of a technical
profile in higher education for the acquisition of
professional competences in modern conditions is a
relevant task.

The goal of the study is the development of
information technology ensures the effective use of
web-resources in technical disciplines at a university for
the acquisition of professional competencies in modern
conditions. The tasks to be solved are:

—to organize the web environment in the
e-learning management system (ELMS) for studying the
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discipline in a technical university on the principles of
information technology;

—to construct an educational trajectory for the
acquisition of professional competencies in technical
disciplines at a university according to Bloom’s
taxonomy;

—to search ways to optimize the processing of
information on web resources using the mathematical
apparatus of graph theory.

Main material

1. IT acquisition of the necessary web-
environment from the e-learning management
system of educational technical discipline
according to the information technology
construction principles

The goal of IT is the development of data for
human analysis and making appropriate decisions based
on them, it is proposed to present IT development in the
form of a “black box” [17].

Therefore, as the object of influence we’ll consider
the development of IT technology of the acquiring
professional competencies in educational disciplines of
a technical profile in a university. In this case, according

Requirements of the standard
of education (general and
special (orofessional)
Requirements of the
educational program (general
and special (professional)
competences, evaluation

A 4

<

y

to the principles of the “black box”, students form the
input parameter stream X traditionally called factors.

Y parameters define specialists with formed
competencies, they form the output flow. In the
literature, they are called optimization parameters,
which successfully reflects the task of building an
educational trajectory with certain criteria

W influences the process of competence formation
and is determined by measures of technical, software,
information, personnel and ergonomic support, namely:
requirements of the standards and the educational
program, evaluation criteria, requirements for training in
dual education, in conditions of war. These influences
can be classified as control ones.

Another group of influences consists of the so-
called mechanisms of acquiring the necessary
competences when studying the discipline, namely:
material training tools (books, notes, posters), a
classroom, the teacher’s personality as personnel,
organizational and ergonomic support, the electronic
learning management system as methodological support
includes an electronic book, electronic graphic material
(poster, table, diagram, figure), presentation, educational
video, summary form (interactive notes) [18]. The
illustration of these provisions is presented in the Fig. 1.
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Fig. 1. The information technology of the acquiring professional competencies process during the study
of the discipline as the “black box” and the place and role of ELMS in the process of training primary discipline

2. Electronic learning management system
for the professional training in studying
the discipline in a technical university

Let’s consider an electronic Learning Management
system (ELMS) as a didactic system that integrates
applied software products, databases, and other didactic
tools and methodological materials that provide and
support the educational process in order to create
conditions for pedagogical activity of information

interaction between teachers and students. It is envisaged
that the e-learning Management System will be used as
an interactive tool for studying, for example, the structure
and a vehicle operation ensuring the implementation of
an individual learning approach and a vehicle gradual
mastery on the principle of “from simple to complex”
through the decentralized placement of didactic materials
on the relevant web resources. The organization of the
web resources will ensure that students acquire
theoretical knowledge and practical skills, namely:
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— the location of control, communication
instrumentation and other elements inside the vehicle;

— the structure of components, assemblies and
units, electrical equipment of the sample;

— the procedure for preparing the vehicle for
operation in summer and winter conditions; actions to
start the engine in different conditions in different
permitted ways;

— monitoring the operation of engine systems with
different engine modes;

— actions in cases of failure to operate the engine;
and the operation of the engine in different modes.

Based on these considerations, the ELMS can be
developed by the scientific and pedagogical staff of the
department in the field of activity, covering several
academic disciplines. The main blocks that form the
overall structure of the ELSM include the following.

1. Software and information contains information
about the author, department, discipline, specialties for
which the complex is intended, the content of the
complex, a list of abbreviations if necessary, the
program of the discipline.

2. Educational and methodological blocks based
on the content modules, the sequence of which
coincides with the curriculum.

The content modules are filled with:

— theoretical (lecture) materials; educational and
practical materials (exercises, tasks, problems);

— methodological materials (guidelines,
instructions for laboratory work, individual, own-work
and other types);

— questions (tests) for self-control;

— list of references and links to web-resources.

3. The control block contains materials for the
final control of students’ activities (questions for the
exam and the final test task for the entire educational
material).

4. The educational and research blocks contain
topics of creative tasks, abstracts, educational and
research tasks, qualification works, etc.

5. The auxiliary block filled with video, audio,
multimedia materials and an electronic manual, the
material of which can be processed on a convenient
portable device (phone, smartphone, netbook, book
reader, etc.).

In order to visualize the place and role of the
e-learning Management

System in the process of studying a discipline, a
corresponding flowchart has been developed [19]

(Fig. 2).
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Fig. 2. The place and role of the e-learning Management System in the process of studying a discipline

The flowchart shows that the e-learning
Management System can be considered as a tool for
mastering a discipline within the framework of the
general  information  technology of  acquiring
professional competencies.

According to the functional purpose, learning
tools can be divided into elements of the traditional
system, provide for an off-line learning format and
elements of the distance learning system that are part
of the ELMS.
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At the same time, when studying material in a
particular discipline, each block can be used several
times.

In this case, the task of building a learning path
that would be optimal in a certain sense in terms of the
order of use of the e-learning Management System
blocks arises.

lllustrative elements of the ELMS are shown in the
Fig. 3 and Fig. 4. Namely, Fig. 3 is devoted the operation
of the control block.

One can see a form of the multiple choice test
questions for the control students.

Fig. 4 describes the operation of the educational
block.
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Fig. 3. A fragment of the operation of the control block
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Fig. 4. A fragment of the operation of the educational block

3. Functional distribution of the e-learning
Management System training tools in the field
of information education technology

The technology of programmed learning involves

the receipt of portions of information (text, graphic,
video — it all depends on technical capabilities) in a

certain sequence and provides control over learning at
points in the course determined by the teacher.

Thus, increasing the effectiveness of learning the
material, ensuring the active participation of students in
the learning process requires the use of a significant
number of tasks and exercises that are diverse in both
content and purposes.
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Tasks and exercises can be classified according to
the following criteria:

— the degree of creativity means recognizing
(checking the level of perception, awareness,
memorization of material), transformative (applying the
acquired knowledge according to a model or in a similar
situation, developing skills) and constructive (tasks of a
creative nature);

— purposes mean preparatory (activation of
students’ basic knowledge, preparation of students for
the perception of new material), educational (formation
of concepts and mastering ways to find them,
consolidation and improvement of skills), generalizing
(problem tasks of a mainly practical nature, creative
tasks), control tasks (testing of acquired knowledge,
skills and abilities);

— mandatory means tasks are mandatory and
additional tasks for those wishing to deepen their
knowledge;

— degree of independence: frontal, group and
individual,

— the form of conduct means oral, written and
experimental;

—degree of complexity means: ordinary and
complicated,;

— location means classroom and home.

Thanks to the use of computer technology (which
most universities are equipped with today), we have the
opportunity to provide each student with didactic
material for classroom work presented in a system of

tasks, in the process of which the student learns,
generalizes, and consolidates the material.

So, the e-learning Management System as a
methodical support of information technology of the
acquiring professional competencies should ensure the
setting of such training tasks and work with:

— an electronic book (including a textbook, a
manual, a formalized summary form);

— electronic graphic material (a poster, a table, a
diagram, a figure);

— videocontent;

— remote teaching and checking of the learning
level (including Moodle, H5P editor, 3D tours);

— virtual training tools (including 3D- aggregates,
3D-simulators;

— means (devices) for checking knowledge and
skills (including tests) [19].

At the same time, when studying material in a
certain academic discipline, each block can be used
several times. In this case, there is the task of building a
learning trajectory that would be optimal in a certain
sense from the point of view of the ELMS blocks
engagement order [20, 21]. The authors propose the
construction of an educational trajectory for the
acquisition of professional competences in academic
disciplines of a technical profile in higher education
according to Bloom’s taxonomy.

In general, the functional distribution of training
tools in the e-learning Management System is presented
in Fig. 5.
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Training system offline

Training system online

. Book (a textbook, a manual)

. Graphic material (a poster,a table, diagram, figure)
. Presentation

. Educational video movie

. Formal synopsis

. Working model (machines, mechanisms)
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. Means (devices) for controlling knowledge and skills
. Practical skills on the equipment
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. Educational video movie } videocontent
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. 3D tours
. 3D - aggregates

. Practical skills (3D- simulators)
. Means (devices) for checking knowledge and skills

O©CoO~NOOTEAWNPE

The professional competence has been formed

Fig. 5. Functional distribution of training tools in the e-learning Management System

4. Educational Trajectory in e-learning
Management Systems Based
on Bloom’s Taxonomy

In general, the information technology of acquiring
professional competencies can be based on an
educational trajectory built according to Bloom’s
taxonomy.

Taking into account the Bloom’s taxonomy [22]
and functional distribution of training tools in the
Learning tools in the e-learning Management System
one can be distributed in such a way:

— the level “remember” includes such tools as an
e-book (a textbook, a manual) (1), an electronic graphic
material (a poster, a table, a diagram, a figure) (2), a
presentation (3), an educational video movie (4) and a
formal synopsis (interactive notes) (5);

— the level “understand” includes 3D tours (6) as
the ELSM tools;

— the level “apply” includes 3D - aggregates (7);

— analogously, event (8), defines the mastery of
practical skills using 3D simulators, involves the
skills of level “analyze” and ‘“evaluate” one’s
performance;
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— the structure of the e-learning Management
System provides means (devices) for controlling
knowledge and skills that contribute to the formation of
synthesis skills (based on the results of negative
feedback from other events. This connection is realized
through the level “create” (9).

At the same time, it is possible to re-work the
elements of the e-learning Management System if it is
necessary to improve the quality of learning. Such a
situation will arise, in particular, during the intermediate

Remember Remember Remember Remember Understand ~ Apply

control of knowledge and will be schematically
implemented in the form of negative relationships in the
algorithm.

In general, these considerations are illustrated in
Fig. 6.

Thus, the process of acquiring competence in an
academic discipline can be described by a list of events
and activities as a set of measures that reflect its essence
and the relationship between individual procedures
(activities).

Analyze,

evaluate  Create

The professional
competence has
been formed

L

PPPPPRVO

Poor assessment results of the trained specialist. Unsatisfactory evaluation results, material repetition

Fig. 6. Educational Trajectory in e-learning Management Systems Based on Bloom’s Taxonomy

5. Optimization the processing of information
on web resources for the acquisition of
professional competencies in technical

disciplines at a university using the
mathematical apparatus of graph theory

5.1. A graphic network model for construction
an educational trajectory in accordance with the
ELMS structure. Authors consider network planning is
considered a general tool of project management allows
for the most efficient use of available resources, both
material and non-material [23, 24].

To construct a network schedule for the acquisition
of competence in an educational discipline, we will
define the following events. Gaining knowledge from:

1 — an electronic book (a textbook, a manual);

2 — an electronic graphic material (a poster, a
tables,a diagrams, a figure);

3, 4 — video content (a presentation, an educational
video movie);

5 — obtaining knowledge from the summary form
(interactive notes);

6 — formation of understanding by mastering the
3D tour,;

7 — application of skills on 3D aggregates;

8 — mastery of practical skills;

In addition, the control of knowledge and skills
with the use of appropriate means (devices) as point 9 in
the tducational trajectory.

Thus, the process of acquiring competence in an
academic discipline can be described by a list of events
and activities as a set of measures that reflect its essence
and the relationship between individual procedures
(activities).

Events 1-5 will be attributed to the lower levels of
Bloom’s taxonomy, namely, they correspond to the
“knowledge” category.

Events 6 and 7 fall under the category of
“understanding” and “application” respectively.

For analogical reasons, event 8, which determines
the mastery of practical skills with the help of 3D
aggregates and simulators involves the skills of
analyzing and evaluating one's activities.

It should be noted that the structure of ELMS
provides means (devices) for controlling knowledge and
skills, which contribute to the formation of synthesis
skills based on the results of negative feedback from
other events.

This relationship is implemented through event 9
and failure intensity.

Thus, the process of acquiring competence in an
educational discipline can be described by a list of
events and works, as a set of measures that reflect its
essence and the relationships between individual
procedures (measures).

So, the procedures for applying training tools for
the competencies formation in terms of the network
schedule are presented in Table 1.

Finally, the network graph will look as shown in
Fig. 7.

5.2. Optimization of the process of formation of
professional competence along the critical path.
Authors use the classical theory of network planning
and management to optimize the graph in order to
reduce the time of work and rational use of forces and
resources. For this, each work must be put in
accordance with some numerical estimate that
characterizes its duration.

The duration of the work was determined
experimentally in the course of conducting a
pedagogical experiment at the Armored Vehicles
Department of Hetman Petro Sahaidachnyi National
Army Academy in accordance with the training
programs according to the profile of the department.

Taking into account the specifics of the subject
area, it is suggested to use the percentage of work in the
total time budget for the formation of professional
competence as numerical estimates (Table 2) [19].
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Table 1 — The competencies formation Table 2 — Work duration in the network graph
in terms of the network for construction an educational trajectory
schedule in accordance with the ELMS structure
Event Numbers . Work | Duration, Duration, % of the total
Ne number | of works Title and content of works Ne title min. working time of the material
1 0 0 The beginning 1 0-1 15 242
Obtaining knowledge from an
2 1 0-1 electronic book a (textbook, a 2 0-2 35 5,65
manual) 3 0-3 40 6,5
Acqumr_1g know_ledge frc_)m 4 0-4 10 1,62
3 2 0-2 electronic graphic material (a
1-2 poster, a table, a diagram, a 5 0-5 10 1,62
figure) 6 | 1-2 35 5,65
0-3 Acquiring knowledge from
4 3 1-3 video content (a 7 13 40 6.5
2-3 presentations) 8 1-4 10 1,62
22 Acquiring knowledge from 9 1-5 10 1,62
5 4 24 wdep content (an educational 10 23 40 6,5
3.4 movie)
05 11 2-4 10 1,62
1-5 Obtaining knowledge from 12 2-5 10 1,62
6 5 2-5 the summary form 13 3-4 10 1,62
3-5 interactive notes
4.5 ( ) 14 3-5 10 1,62
Formation of understanding 15 4-5 10 1,62
7 6 5-6 .
by mastering the 3D-tour
— - 16 5-6 5 0,81
8 7 6-7 Application of skills on 3D-
aggregateg; 17 6-7 5 0,81
9 8 7.8 Mastery practical skills on 3D 18 7-8 90 14,52
t d simulators;
aggregates and simulators 19 69 45 726
6-9 Means (devices) of control of
10 9 7-9 - 20 7-9 45 7,26
8-9 knowledge and skills
- 21 8-9 45 7,26
11 10 9-10 The professional competence
has been formed (The end) 22 | 910 90 14,52

Fig. 7. Network graph of the formation of educational competence process in the ELMS

In accordance with the main provisions of network  additional resources and reducing the duration of some
planning, it is proposed to optimize the schedule by critical works by involving other specialists [25, 26].
redistributing the resources of works that are not on the As we can see, with the existing trajectory of the
critical path to work on the critical path, using formation of professional competence, the works related
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to the control of knowledge and skills, which events are
numbered 8, 9, are on the critical path.

In general, this does not involve a fundamental
revision of the schedule, except for the improvement of
the control process itself, but the defined approach
allows optimizing the process of formation of
educational competence as a whole.

Similarly, events numbered 5, 6, and 7 are the
most "dangerous" for “hitting” the critical path.

In the terminology of the educational process,
these proposals can be formulated as follows: it is
advisable to increase the time for knowledge control and
the ability and/or “parallelize the process” of checking
each stage of educational competencies formation.

At the same time, it should be noted that the
reduction of the critical path will be facilitated by the
allocation of additional time due to 3D tours and 3D
aggregates at each stage of competence formation.

In order to improve the functioning of ELMS, it is
proposed to: clarify the time for acquiring knowledge
from video content (presentations); from video content
(educational movies).

5.3. The dynamic model for construction an
educational trajectory in accordance with the ELMS
structure.

We will correspond to each event the state of
ELMS depending on the number of students who are in

it. Based on these data, a dynamic its model can be built
(Fig. 8).

This graph shows:

Mo — the intensity of students’ admission to ELMS;

M1 — the intensity of obtaining knowledge from an
electronic book a (textbook, a manual);

M2 — the intensity of acquiring knowledge from
electronic graphic material (a poster, a table, a diagram,
a figure);

Mz —the intensity of acquiring knowledge from
video content (a presentations);

Mz — the intensity of acquiring knowledge from
video content (an educational movie);

Ms — the intensity of acquiring knowledge from the
summary form (interactive notes);

Ms — the intensity of formation the understanding
by mastering the 3D-tour;

M7 — the intensity of application the skills on 3D-
aggregates and simulators;

Mg — the intensity of mastery practical skills on 3D
aggregates and simulators;

Mo — the intensity of control of knowledge and
skills;

Mio — the intensity of students’ “graduation”.

Of course, at each learning evaluation stage of
outcomes, materials are repeated in case of
unsatisfactory results.

Fig. 8. Network state graph of the dynamic model of formation of professional competence in ELMS

Based on these considerations, A is marked on the
graph — the failure intensity of the corresponding state.

M — the intensity of rejections when learning from
an e-book;

A2 — the intensity of failures when gaining
knowledge from electronic graphic material

A3 — the intensity of refusals when gaining
knowledge from the presentation;

)4 — the intensity of rejections when learning from
educational movies;

s — intensity of failures when learning from
interactive notes;

Xe — the intensity of failures when formation the
understanding by mastering the 3D-tour;

Az — the intensity of failures when applying skills
on 3D aggregates;
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As — the intensity of failures when practicing skills
on 3D and augmented reality simulators;

Ao — the intensity of unsatisfactory results in the
control of knowledge and skills.

These parameters of the model can be determined
by statistical data [27].

According to the state graph (Fig. 8), for the
average number of students in each i-th state n;,

i=1,n, can be determined by the differential equations
system (1)—(11):

dngt(t) = toho (t) — 4y (t) — 3n3 (t) -

— gy (t) — 15N (1) + Aoy (t) + Aona (1) + 1)
+Ao3 () + Aoy (t) + Aons (1);

dnét(t) = 1o (t) — o0y (t) — 15Ny () — gy (1) — o
=gy (1) + ANy (1) + Agng (1) + Agng (1);
dnjt(t) = Ny (1) = N o () + 1y (1) — 5~ ‘)
— ANy (t) — 4Ny (8) + Ao 4 (8) + Apn3 () + o0 (1),
dnd3t(t) = 113N (t) + gy (8) + 213N (t) — g3 () — @
—Aghg (t) = Az (t) — Apng (t) + A3n, (t);
% = g a0 () + p1ang () + pan g (t) — p5ng (t) — -
_/13”4 (t) - ﬂ»]_n4 (t) — ﬂ6n4 (t) — 22n4 (t) _ /14n5 (t),
dné-,t(t) = psNg (1) + w5Ng (1) — gNg (1) + 415N (1) - ©
_/14n5 (t) + 25n6 (t) — ﬂons (t) _22n5 (t),
% = #eMs () =4 (O = ol (= 7y

—A5Ng () + AgN7 (t) — Agng (1);

) g (06 0 - s 0+ 221 0 (8)
d
B0 _ g - om0 27760+ g ;)
d
%(t) = pgNg (t) + pghy (1) + pigNg (t) — (10):
—A7ng (t) — AgNg (t) — AgNg (t) + AgNyo ();
dnld—ot(t) = pgNg (t) — Aghyo (1) — 1goMo (1) (11)
with initial conditions (12 —13):

Ng(0) = Np; n(0) = Ng; ny(0) = Np;
n3(0) = N3; ng(0) = Ny4; n5(0) = Ns; 12)

ng(0) = Ng; n7(0) = N7; ng(0) = Ng;
Ng(0) = Ng; nyo(0) = Nyg;

Ng (t) + g (t) + Ny (1) + N (t) +
+n4 (t) + ng (t) + ng (t) + n7 (1) +

+ng (t) + g (t) + Ny (t) = N(t),

where i=1,n — the number of system states according

to the educational trajectory for the acquisition of
professional competencies; t [0, T],

T — a certain period of time for the acquisition of
professional competence;

N; — the number of students in the i-th state at the
initial moment of time t=0.

The solution of the system of differential equations
(1) — (13) will be the dependencies of the average
number of students in each state in time.

N(t) = ng (t) + My (t) + np (1) + ng (1) +

(13)

+n, (t) + N5 (t) + ng (t) + N7 (t) + ng (t) + (14)
10
+ng () + o (t) = D i (1),
i=0
where N(t), i= 1,n— the number of students, in the

i-th state of ELMS according to the learning tool at the
moment; T — a certain period of time.

On the basis of this solution, a dynamic analysis of
the work of ELMS for a certain period of time T can be
done.

Correlations between different ones N, (t) will

make it possible to evaluate the efficiency indicators of
ELMS. Thus, the load factor of the i-th training tool

_N©
K3 - N(t) (15)

where N(t) —the total current number of students at

ELMS.

Thus, for the study of the process of formation of
professional competence in ELMS, it is advisable to use
the model as such, which takes into account changes
over time and states according to statistical data.

5.4. The results of a dynamic analysis of the
acquiring  professional competencies in the
environment of an e-learning methodological
complex by ELSM. According to [27, 28] the student’s
transition from one state to another within the ELMS is
carried out with intensities, pi or A, depend on the
influence of the external environment and controlling
influences from the control system.

The number of students in each i-th state n;,

i =1,n, can be determined by the system of differential
equations (1) — (13).

According to the pedagogical experiment, two
groups were selected: control and test ones.

Classes in the control group were conducted in a
traditional way, and in the test group — with the help of
the ELMS.

And on the basis of the statistical data processing,
the corresponding values of the state to state transitions
intensities were determined (Table 3).
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Table 3 — The values of the state to state
transitions intensities

Ne Name Value, man/hour
1 Mo 0,633
2 M1 3,8
3 M2 1,63
4 M3 1,43
5 M4 5,7
6 Ms 5,7
7 Mé 1,14
8 M7 1,14
9 Ms 0,633
10 Mo 0,633
11 M10 0,633
12 o 3,8
13 M 5,7
14 A2 1,425
15 A3 5,7
16 Aa 5,7
17 As 1,14
18 A6 1,14
19 A7 1,27
20 As 1,27
21 Ao 0,63

So, according to the table 3 data the system (1) —
(13) will look like
dng (t)
dt
—5,7-ny(t)-5,7-ng(t) +3,8-m(t) +3,8-n, () + (16)
+3,8-n3(t) +3,8-ny (t) +3,8- ng (t);

= 0,631 (t)—3,8- 1y () —1,43- ng(t) -

dnollt(t) —=3,8-np(t)~1 631y (t) —1,63- ny (t) -
—1,43ny () —3,8-ny(t) +5,7 - Ny (t) + (17)
+5,7-n3(t) +5,7-ny (t);
d® _4 63 e (£)—3 8- (1) —
o =163:19()+1.63-my () ~3,8: (1) 18)
—5,7-ny (t) +1,425-n 4 (t) +1,425- g (t);
dns (V) _4 43. . o (1) —
L No (t) +1,43-ny (t) +1,43-ny (t) 19)
—16,625-ng(t) +5,7 - ny(t);
an,®) _ ¢ 5. . () —
T—5,7 nl(t)+5,7 n3(t)+5,7 no(t) (20)
~3-5,7-n4(t) — Ny (t) - (1,14 +1,425) - 5,7 -ng ();
ns () _ ¢ 5. (8 — 114 1 (1) —
T—5,7 no(t)+5,7 no(t) 1,14 no(t) (21)

—5,7-ng(t) +1,14 - ng (t) — 3,8 n5(t);

dng(t) .., 114, _0.63. _
T =140 114160 0,630~
1,14-ng(t) +1,14- 0 (t) ~1,14- ng (t);

dn;t(t) ~114-n(t) 6,961, (t) +1,27-ng(t); (23)

dngt(t) =0,63-n; () -1,9-ng(1) +1,27-ng(t);  (24)

dng(®) . . )

T =063 000+ 0,63: ()16 0)~ e
—1,27'ng(t)—1,14'n9(t)—1,14'ng(t)+1,14'n10(t);

dny (1)

T =0,63:ng(t)~0,63-m(1) ~0,63-myo t); (26)

ng(0)=57; m;(0)=0,i=110. (27)

It is assumed that there are no student deductions,
i.e. the total number of students at the ELSM is
constant.

Solving the system of equations (16) — (21) gives
the time dependence of the students number in each
state.

A dynamic analysis of the ELMS functioning and
modeling of its state components should determine the
optimal volume of the lecturer’s workload and time
reserve (Fig. 9). In this figure one can see the graphical
dependence on time of the number of students in each
state n(0) — n(10).

As can be seen from the graph, the total number of
620 minutes, which corresponds to a little more than 10
hours of study time, is quite enough for the formation of
professional competence within one topic of study of an
academic discipline, which is evidenced by the
attenuation of fluctuations.

Meanwhile, the graph of the dependence of the
number of students, whose knowledge is subject to
verification, indicates the inefficient work of point 5 and
the ineffectiveness of point 9.

This  confirms the recommendations  for
parallelization of the process and with intensity
regulation and modeling of different options.

As an option to get rid of the “bottleneck” in the
control of the acquisition of professional competences,
it is proposed to organize an intermediate control after
paragraphs 5-8 (Fig. 5), and a final control based on the
results of the intermediate control.

To optimize the network schedule, it is suggested
to change the works duration on the critical path by
adding additional works for this purpose (Table 4).

In the terminology of the educational trajectory
formation, such changes can be interpreted in the
organization of intermediate control in such a way as to
reduce the load on the final one.

This can happen when a student is expelled from
studies or when such intermediate results are obtained
that allow drawing a conclusion about the formation of
professional competence without final control.

A fragment of the optimized network graph is
shown in Fig. 10.
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n9(tt)
ni0(tt)

15l

Fig. 9. The number of students in ELMS elements state

Fig. 10. The graphical dependence on time of the number of students in each state

Table 4 — Modification of the of the network graph works for optimization

Work title Duration, ‘)/;J)]E)Iht:;ant;):::i\;vlorking time Work title Duration, ()/:));)Ir::(rant;tt:rli;\;orking time

5-6 0,71 7-8 2,00
5-9 6,61 7-9 7,61
5-10 2,01 7-10 2,01
6-7 0,61 8-9 4,61
6-8 2,21 8-10 2,01
6-9 6,61 9-10 6,52
6-10 2,01
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Based on the analysis of the graph, it can be
concluded that such an organization of the process of
acquiring professional competence does not have works
on the critical path. At the same time, the total hour of

training increases by 0.2% realistic from the point of
view of organizing training.

According to the proposed method, the calculated
values of states n(0) — n(10) is shown in Fig. 11.

nl(tt)

Fig. 11. Optimized loading of ELMS elements states relative to the number of students

In this version of the educational organization, all
elements of the ELMS “work out” to achieve the result,
and the number of students in each state gradually
decreases without creating traffic jams.

Conclusions

1. The e-learning management system of the
technical profile disciplines at the university is an
information technology that ensures the implementation
of an individual approach to learning and the gradual
assimilation of educational material according to the
principle “from simple to complex”.

2. According to the functional purpose, learning
tools can be divided into elements of the traditional
system, which provide for an off-line learning format

and elements of the distance learning system, which are
part of the complex.

3.In general, information technology for the
acquisition of professional competences can be based on
an educational trajectory based on Bloom’s taxonomy.

4.In order to create conditions for effective
information interaction between teachers and students,
integration of applied software products, databases, as
well as other teaching aids and methodological
materials that provide and support the educational
process, it is advisable to conduct it through
decentralized placement of teaching materials on
relevant web resources and organization of intermediate
control in a manner sufficient to conclude on the
formation of professional competence.
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Indopmaniiina TexHo0risA Mpouecy HAGYTTH (PaXOBUX KOMIETEHTHOCTEH
Y cepeOBHIL €J1eKTPOHHO-HABYAJIBLHOI0 METOAUYHOI0 KOMILIEKCY HIJISIXOM N00Y/I0BH OCBITHBOI TPA€EKTOPIL

O. A. Maxoros, T. B. JlaBpyT, M. B. Hopsunii, b. I1. Mary3sko, B. 3amora

AHoranis. IIpexMeToM BHBUYEHHSI B CTAaTTi € MOOYI0BA OCBITHBOT TPAEKTOPIT Y CEPEOBUIII €JIEKTPOHHO-HABYaIbHOTO
METOJMYHOTO KOMIUICKCY. MeTow cTaTTi € po3pobka iHdopMaiiiHoi TexHONIOTIl, sKa 3abe3mneuye eheKTHBHE BUKOPHCTAHHS
web-pecypciB 3 HaBYaNbHUX JMCHHUIUIH TEXHIYHOro Mpodinto y Bumn st HaOyTTs (HaxoBUX KOMIIETEHTHOCTEH B CydacHHX
yMmoBax. 3aBaaHHs JociimikeHHs: Oprasizamis cepeloBHINA EICKTPOHHO-HABYAIBHOTO METOAWYHOTO KOMIUIEKCY 3a
MIPHUHIAIIAMHA TTOOYIOBH iH(POPMAIIiifHOT TeXHOJOTIi; moOymI0oBa 3a TaKCOHOMIi€I0 BiryMa OCBITHBOI TpaekTopii HaAOYTTS (haxoBUX
KOMIIETEHTHOCTE! 3 HaBUAIBHHUX JUCLHUIUIIH TEXHIYHOTO MPOQilo y BHIII; MOITYK IUIAXIB ONTHMI3amii 0OpoOKkH iHpopMmarii
web-pecypciB 3 BHKOpHUCTaHHSIM MAaTEMaTHYHOTO amapary Teopii rpadiB; po3pobka peKkoMeHAalii o0 MO0yIOBH OCBITHBOT
TpaekTopii HaOyTTs (axoBUX KoMneTeHTHOcTed. OTpuMaHni Taki pesyasraTn: [Ipouec HaOyTTs (HaxOBUX KOMIETCHTHOCTEH y
web-cepe1oBHIIi eIeKTPOHHO-HABYAIBHOTO METOAWYHOTO KOMIUICKCY MOJAHHN y CTPYKTypi iH(popmauiiiHoi TexHosorii. Ha
OCHOBI TPOBEIEHOr0 (DYHKLIOHATBHOTO pO3MOALTYy 3ac00iB HAaBYaHHS CTBOPEHO OJIOK-CXEMY EJEKTPOHHO-HABYAIBLHOTO
METOJMYHOTO KOMIUIEKCY Ta allOPUTM JOCSTHEHHsS c(hOPMOBaHO! KOMIETEHTHOCTI SIK KiHIIEBOI METH OCBITHBOI TpaekTopil 3a
TakcoHoMiero Brmyma. Bukopucranns ~Web-pecypciB 3 HaBUANBHUX JUCIHMILTIH TEXHIYHOTO MPOQiM0 y BUIm A HAOyTTS
(haxoBHX KOMIIETEHTHOCTEH MOJAHO Y BHUIIIAII MEpPEKEBOTO rpada, ONTHMI3allis SKOTO Hagae PeKOMEHMalii moa0 1mo0yaIoBU
OCBITHBOI TpaekTopii. BucHOBKH. EJEKTpOHHO-HABYAIBHUI METOJUYHHN KOMIUIEKC HABYQJIbHHUX JHUCLHUIUIIH TEXHIYHOTO
npodimo y Bul € iHGOPMALIHOI TEXHOJOTI0, 10 3a0e3meuye peamizalilo iHAWBIAYaIFHOTO MIAXOAYy OO HaBYaHHS Ta
HOeTaIHe 3aCBOEHHS HABYAIBLHOTO MaTepiaty 3a NPUHIMIIOM “Biji IPOCTOrO 10 CKIaaHOr0”. 3a GyHKI[IOHATEHUM MTPU3HAYCHHIM
IHCTPYMEHTH HaBYaHHS MOJKHA MOAUIMTH Ha €IEMEHTH TPAJULIiHHOI CHCTeMH, sKi mependadatots off-line popmar HaBuaHHS Ta
€IIEMEHTH CHUCTEMHM IMCTAHLIHOTO HABYaHHS, IO € Y CKJIaAi KOMIUIEKCY. Y 3arajJbHOMY BHUIIIAI iH(OpMaIiifiHa TeXHOIOT s
HaOyTTs1 (axoBHX KOMIIETCHTHOCTEH MOXKE MaTH B OCHOBI OCBITHIO TPa€eKkToOpito, MoOymoBaHOIO 3a TakcoHOoMieo Biyma. 3
METOIO0 CTBOPEHHSI YMOB JUIsl €)EeKTUBHOI iHPOpMAIiifHOT B3aeMOAii Mk BUKIIagadaMH 1 CTyIeHTaMH, iHTerpalii MpUKIaTHUX
MPOTPaMHUX MPOMAYKTIB, 0a3 NaHWX, a TaKOX IHIIMX AWAAKTUYHUX 3aC00IB 1 METONUYHUX MarepiaiiB, IO 3a0e3MedyroTh i
MiITPUMYIOTh OCBITHIH Tpolec, HOro JOLIJIGHO NPOBOJMTH IUIIXOM JCLEHTPATI30BAHOTO pPO3TAlIyBaHHS JUAAKTUYHUX
MarepianiB Ha BimmoBimHux WeD pecypcax Ta opraHizaiii TPOMDKHOTO KOHTPOJIO y CIOCIO, MOCTATHIM Ui BHCHOBKY IIPO
chopMoBaHicTh MPOGeciiHOT KOMIIETEHTHOCTI.

KawuoBi caoBa: iHdopMmamiliHa TEXHOJOTiS; HABYAIbHI JAWCHWIUIIHY; €JICKTPOHHHN HaBYAJIbHO-METOIMIHHI
KOMILIEKC; OCBITHSI TPA€EKTOPis; TakcoHOMIst biryma; MepesxxHuit rpad; chopMoBaHicTh MpodeciiHOi KOMIETEHTHOCTI.
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