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Abstract: In the context of growing and widespread demand for higher professional education, an important aspect is
the quality of the educational process and the effectiveness of its results. The educational process is a complex socio-
economic phenomenon involving at least two parties — the teacher and the students. It is these subjects of the process
that are the key elements and interact, as a result of which there is an increase in the amount of information that is
transformed into a competency-based form. It is the acquisition by students of the competencies they need in their
professional activities that is the goal of the educational process. As a result of the study, it was found that it is possible
to optimize the educational process and fill it with the necessary educational elements through fuzzy modeling of the
transmission and perception of educational information. The article proposes a model of fuzzy interaction between a
teacher and a student group. The model is designed to determine the possibilities of optimizing the educational process
and the optimal combination of educational elements. Educational elements include teaching materials, communication
tools, and digital technologies. With the help of these elements and the pedagogical strategy, the transfer of educational
information to students is carried out. The same means and motivation are used for the perception of educational
information. It is important to find the optimal combination of educational elements and tools that contribute to the
effective transfer and assimilation of educational information. Improving the effectiveness of interaction between
teachers and students affects the quality of education. The quality of the educational process determines the level of
students' training, the success of graduates' professional activities, and the professional self-realization of teachers. The
interaction model makes it possible to improve the quality of the educational process. This is confirmed by the results of
its application at Tver State Technical University.

Index Terms: Educational Process, Interaction, Teachers, Students, Coordination of Interests, Fuzzy Logic

1. Introduction

The educational process is a complex socio-economic phenomenon, finite, provided that a specific level of
education, in which the major participants are students and teachers. The purpose of the educational process is for
students to master educational material and gain knowledge, skills, and abilities that are necessary for the development
of professional competencies. It is professional competencies that enable graduates to carry out professional activities
accompanied by career growth. As the long-term practice of the author’s teaching work shows, the more intense and
interesting the educational process, the more information the student remembers, and the more actively the formation of
specified competencies takes place.

The effectiveness of the educational process is determined by the extent to which students will attain primary
general cultural and professional competencies. The success of the graduates’ professional activities depends on this.
The development of educational material and the formation of competencies largely depend on the degree of contact
between the student and the teacher in the learning process. It is mutual understanding and conducting classes in a
friendly, psychologically comfortable environment that makes the learning process the most productive. The
educational process is characterized by subject-to-subject interaction, the impact is manifested both by the teacher and
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by the student. The object of this system is educational information. It is a kind of “conductor” of interaction.
Educational information is considered a system of interrelated elements, the main of which are lectures and their
presentations, practical and laboratory classes, and methodological materials. The methodological materials contain
explanations for the implementation of practical and laboratory tasks, and examples of solving typical tasks and test
tasks. In addition, the educational process provides for students to complete coursework and practice outside the
university. All these components are interconnected. It should be borne in mind that educational information is updated
and supplemented over time because of the emergence of new knowledge, technologies, etc. There is a problem with
the timely and effective transfer of relevant information to students. Besides, the continuation of the problem of
information transmission is the problem of its perception by students. To solve these problems, it is necessary to
determine the factors influencing the educational process. Factors can be positive and contribute to improving the
effectiveness of the educational process. This is an investment in the educational process, and not just financial. The
second group contains destructive factors, which are divided into internal and external interference. The author, based
on statistical data accumulated over the past 14 years, has developed a model of interactive interaction between a
teacher and a student through the transmission and perception of educational information. The goal is to increase the
effectiveness of the educational process. As statistical data, fuzzy estimates of the effectiveness of the transmission and
assimilation of educational information in several student groups were used with various combinations and the
influence of positive and negative factors. The impact of the factors was also expressed using fuzzy estimates. Thus,
this study aims to test a model of interactive interaction between a teacher and students in different conditions of factor
influence to develop recommendations for improving the effectiveness of the educational process.

2. Theoretical Aspects of the Study

2.1. Literature Review

The problem of improving the effectiveness of the educational process does not lose its relevance to this day. The
emergence of new forms of interactive interaction between teachers and students, the introduction of distance learning,
and a large increase in the volume of information broadcast by teachers lead to the need to develop new forms of
mastering this information, adapting students to rapidly changing learning conditions. For example, in [1] the authors
draw attention to the problem of inappropriate use of digital devices and information technologies by students. Students
actively use information technology, but mainly for entertainment and activities unrelated to the educational process. In
the article [2], the authors concluded that, in general, applicants have skills in using digital technologies in education,
but they differ in level. It is possible to identify groups of applicants with low rates of mastering digital technologies
and skills in their use. This is usually explained by the different levels of training of students in urban and rural areas [3-
4]. Accordingly, the solution to the problem can be the timely distribution of first-year students into groups according to
their knowledge of information technology and the organization of separate classes. This solution is also suitable for
other disciplines, for example, a foreign language.

There is also a problem of insufficient information on the educational process in educational organizations. For
example, in the article [5], the authors point out the ambiguous nature of using information technology in the
educational process. On the one hand, information technologies contribute to activating students' interest in learning and
make the learning process more flexible. However, problems arise in the development of teaching methods necessary to
stimulate learning activities.

In several works [6-9], the authors explore the application of blended learning, when digital technologies are used
along with traditional teaching methods. Digital departments can also help overcome the difficulties of introducing
information technology into the educational process. Digital departments are responsible for ensuring the successful
application of information technology in education. The positive experience of creating digital departments is described
in [10]. Here, questions arise: What kind of educational material can be broadcasted through electronic information
channels? What part of the course should be studied in the classroom? What initial skills should students have at the
same time?

The effectiveness of the “transmission «»> perception” system directly depends on the organization of the
educational process, the presentation of educational material, and the psychological climate in the “teacher < students”
system.

This system is more extensive than the “transmission and perception” system since it affects not only the
educational process but also activities that teachers and students can conduct together: visiting scientific and educational
forums, participating in Olympiads, scientific and practical conferences, sports events, etc.

2.2. Teacher-Students Interaction System

In any interaction system, both direct and feedback are important. The teacher, acting as a translator of educational
information, must understand how this information is understood by students. Figure 1 shows a system of interaction
between a teacher and students without the use of elements of digitalization in the educational process and the
introduction of interactive elements. This is a traditional system of interaction used in educational organizations.
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There is a teacher here (T), <I> there are efforts by the teacher to develop the components of the educational
process (investments); <A> there are many components of the educational process into which investments are
transformed; H;(t) there are hindrances that reduce the effectiveness of educational components; <S> there is a student
group; x(t) there are planned effects, activation of the teacher’s efforts, his work plan; v(t) there are teacher’s
influences on creating elements of the educational process (lectures, practices, laboratory work, test assignments, etc.);
y*(t) is the impact of transferring the content of educational components to the student group; y(t) is the transfer of
information based on the results of perception analysis (PA) and benevolence analysis (BA). By the analysis of
perception, the author means the analysis of the effectiveness of mastering educational material, and by the analysis of
benevolence — the general attitude of students towards the teacher. The results of the analysis are the adjustments of
Ay(t), which the teacher converts into improved effects of y(t). New influences should promote an open, constructive
dialogue between the teacher and students.

»(t)

¥ <S>

0O06
OO0
(BI8®,

Ay(r) e/
/o

BA

Fig. 1. The traditional system of teacher-students interaction.

One of the primary mechanisms that can help in reducing negative factors affecting the educational process is
information technology and systemic digitalization of education. Figure 2 shows a diagram of interaction between a
teacher and students, taking into account the introduction of digital services into the educational process. Information
technology is designed to monitor the negative impact of interference and inform the teacher about it.
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Fig. 2. The scheme of interaction taking into account digitalization.

Here, the teacher will respond to threats in a timely manner and plan the effects of x(t) taking into account
possible interference. The introduction of information technology will reduce the values of Ay(t) to almost zero, which
means it will reduce the burden on teachers, relieve tension between the teacher and the student group and thereby
optimize the learning process.

Evaluation and feedback mechanisms are important components of effective teaching in higher education
institutions and are constantly monitored. The annual survey of student satisfaction with the educational process at Tver
State Technical University collects information about students’ perceptions of these aspects and problematic results in
order to help an educational organization identify its weaknesses, amend its strategies and improve teaching
effectiveness.

The feedback study can be performed through regression analysis, as suggested in the article [11].
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In this study, the author is based on the results of a survey of students in economics. The author conducts a survey
every semester after the introduction of new elements into the educational process, for example, interactive lectures,
subject-oriented colloquiums, joint classes with students of different courses and other targeted components of the
educational process. The study examines student academic performance in relation to the dynamics of interest in the
course. It was found that the more interesting the classes, the higher the academic performance.

2.3. The Relevance of Using Fuzzy Logic

The relevance of using fuzzy logic is because of the tendency to increase the complexity of mathematical and
formal models of actual management systems and processes, the desire to upgrade their adequacy, and take into account
many factors influencing decision-making. Fuzzy sets allow you to work with objects that do not have clear boundaries.
Such an object is the educational process. It consists of numerous supporting elements that can be structured depending
on the specifics of the course being taught and the personal characteristics of the students. It is necessary to take into
account the influence of both motivating components and factors that interfere with productive interaction between the
teacher and the student group.

3. Modeling Teacher-Students Interaction

To build a model of interactive interaction, we will use the following notation. ED is the amount of educational
information transmitted in one classroom session. As practice shows, a teacher cannot transfer less than 6.1% and more
than 23.8% of the total volume of the training course in one lesson. Deviations both to the lesser and to the greater side
are methodologically impractical and create obstacles. Interference occurs as a lack of information for solving problems
and practical situations, or as overwork of students, reducing their attention when transmitting too much information to
them. We will take lectures as A, lecture presentations and methodological guidelines for studying the course are A,,
assignments for practical and laboratory classes are A5, and tests are A,. We will designate many activities that
contribute to the transfer of educational information as I;, and we will take many activities to support the motivation of
students to master educational information as I,. Various hindrances act as factors hindering the successful transmission
and perception of educational information, which we denote by H, and H,, respectively. Because of observing the
implementation of the educational process, additional sets can be formed from the original sets. For example, the
transmitted educational information has a set of A; = A; U A,, a lot of completed practical works has A5 € A5, and a
set of completed test tasks has A} < A,. In addition, many students have revealed the presence of internal incentives to
master educational information (4,). The strength of these incentives depends on the inner self of each student, and on
the student’s understanding of the need to receive an education in the chosen field [12].

The sets I, I,, H,, and H, influence the lots, which are the main components of distance learning.

All the listed fuzzy sets are connecting by fuzzy relations with the corresponding membership functions pp, €

[0, 1], k=1, 3:

= (00 0 4)) (040,100 40)
R, = {((Hl, A1), ug,(Hy, Al)),...,((Hl, A4, Hg,(Hy, A4))},
R; = {((Al, A3), pg,(Ay, Az)),...,((A3, Ay, g, (43, A4))}

The first ratio of (1) means that each element of educational information listed above is differently influenced by
investments in the educational process (I;). The second relation relates the components of the learning process to
interference (H,). The third relation shows the connection between the components of the educational process. It is
indisputable that all elements of the educational process are interdependent. This relationship is taken into account when
building an interaction model. The relationship between the components A;, 4,, A3, A, is described by expression (2):

Ay =f(A), As = (A1, A,), Ay = f(Ay, Ay, A3) 3]

Next, the concept of the potential of an element of educational information is introduced. Potential in this case
refers to the ability of a component of educational information to influence the improvement of the effectiveness of the
educational process and its role in the transmission and perception of learning information. It has been established that
the potential of each element depends on the initial amount of educational information (ED), the strength of the
influence of factors, as well as on the potential of the input component. By this conclusion, the potentials of the
elements are calculated using the following formulas:

P,, = (Ry + Ry) — R, = max{us,(ED, I,) — ug,(Hy, 4,), 0}, (3)
By
#Bl(ED; L) = ,u§0(ED, Ay + Hﬁl(lp Ay) — HﬁO(ED' Ay) 'ﬂﬁl(lp Ay)
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Py, = (In, + Ry) — Ry = max{uz, (A, L) — pg,(Hs, Az), 0}, “)
By

Ug, (IAl' L) = Py, + ug, (I, Ay) — Py, - ug, (I, 4;)

Py, = (P4, + Py,) + Ry — R, = max{us,(Pa,, Pa,, I) — iz, (Hy, 43), 0}, (5)

#53(1)141’ PAZ) = PA1 + PAz - PA1 -PAz’
#E4(PA1' PAzi [1) = #E3(PA1' PAZ) + .uﬁl([l! AS) - H’E3(PA1! PAZ) ' :uﬁl(lll A3)

Py, = (Bs + Py,) + Ry — R, = max{us (Pa,, Pa,, Pa,, L) — piz,(Hy, Ay), 0}, (6)
Bs
Bg _
#55(Bs, Pa,) = Pay@a, + Pay — Pay@a,  Pas)

MEG(PAl' Py, Pu,, L) = HES(Es: PAZ) + ug, (I, Ay) — ﬂ§5(§3' PA3) ‘g, (I, Ag)

The potentials of the components A3, AL, As, A can be founding when using the formulas:

Py, = Ri—R, = max{uﬁl(lz, Aé) — Hg, (Hz; Ae), 0} (7
PAS = (PA1 +PA2)+PA6_R2 =max{,u§7(§3, PAs)_Mﬁz(Hz, As), O}, (8)
B3

By
U5, (B3, Pag) = Paywa, + Pag = Payea, * Pag

PA§ = (PAS + PAG) - ﬁz = max{'ugs(PAs’ PAG) — Ui, (HZ’ A;), O}’ (9)
Bg
MES(PAS’ PAs) = PAs + PAs - PAs 'PAs

PAZ = ((PAS + PAG) + PA*:;) - ﬁz = (ES + PA?;) - RZ = max{,uég(gs, PA§) - HR'Z(Hz, AZ), 0}, (10)
By
“Eg(és’ PA§) = PAsGBAs + PA§ - PA5®A6 ’ PA§

Knowing the potentials of the components and the factors that affect the values of the effectiveness, you can
determine the coefficients of the mutual influence of the elements. Management impacts, in this case, consist of varying
not only external impacts (which is often quite difficult) but also in changing internal coefficients of influence. In
practice, this can be expressed in improving the structure and content of the work program of the discipline, optimizing
the composition of methods and means of teaching it, and so on.

3.1. The Model of Information Transmission

The information transfer model is basing on the following assumptions:

e The investments I; should lead to an increase in the overall information transfer rate, that is, increase the
overall potential of the model. Active independent work of the teacher, deep awareness of their intellectual
activity should also help to increase the transfer rate of educational information;

e The presence of external interference H; leads to a decrease in the volume and quality of transmitted

information;
e The value of the total potential also depends on the initial amount of information already transmitted.

The total potential of the information transfer model is determining by the formula:

Kry = (((Bay + Bi) + (Pay + B2)) +Ra) - By (11)

The coefficients of mutual influence of the components can found from the system of equations:
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(PA1 =1- {u§3(A1_AZ)®§3(A1,A3)(A1, Ay, A3) + ug,(As, A4)}
Py, = HE3(A1v Az) - #§3(A2,A3)69§3(A2,A4)(A2' A3, A4)
Py, = ﬂk3(A1,A3)e91§3(A2,A3)(A1' Az, A3) ~Hry (Al' A4)
Py, = H§3(A1,A4)69§3(A2,A4)(A1' Ay, A4) * Uz, (A3' A4)

(12)

The visualized information transfer model is present in Figure 3 as a fuzzy-oriented graph, the weights of the arcs,
which are the values of the corresponding membership functions. In Figures 3 and 4 up, € [0, 1] there is a degree of
belonging of the element to the educational process. This is a degree that shows how much the improvement of learning
effectiveness depends on this element.

Fig. 3. The visualized information transfer model.

Investments in the learning process (set I;) can be not only financial. In a broad sense, investments also represent
the efforts and additional work of a teacher associated with optimizing the presentation of educational material [13]. As
the pedagogical experience of the author and the observation of the educational process of other teachers shows, a more
thorough study of individual topics of academic disciplines contributes to their better presentation to students. Usually,
students, seeing the efforts and interest of the teacher, also get carried away with the course. There is an increase in their
academic performance [14].

Interference (H,) interfering with the effective transmission of educational information may be:

¢ Insufficient organizational, methodological, and technical provision of the educational process [15];

¢ Insufficient motivation of the teacher for explanations of the educational material that are understandable to the
student audience. If the teacher does not know how to explain the material clearly and clearly, then students
may have difficulty assimilating it. In addition, insufficient communication can lead to misunderstandings of
instructions and assignments, which also complicates the learning process. [16];

o Differences in culture and language. International students may face difficulties in understanding and mastering
the material. The teacher should take these differences into account and apply a variety of teaching methods to
make the material accessible to all students;

e Teacher fatigue caused by multitasking, intensification of his work;

e Psychological barriers that form against the background of the demonstration of negative emotions and
attitudes. The teacher should create a trusting and supportive atmosphere in the classroom so that students feel
comfortable and can freely express their thoughts and ask questions about the discipline.

The presented list contains the most common difficulties in the educational process. There may be other obstacles
due to the specifics of the educational organization, the direction of training, academic discipline, etc.
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3.2. The Model of Perception of Information

The purpose of constructing and analyzing a cognitive model of operational perception of educational information
is to determine the mechanism of perception and the influence of individual factors on the effectiveness of learning

components.
For the model of information perception, the same assumptions are valid as for the model of information

transmission, only they are considering by students.
The total potential of the information perception model is determining by the formula:

KAI = ((PAE + PAZ) + (PAS + PAG)) - Rz (13)
The coefficients of mutual influence of the components can found from the system of equations:
Py = :“R3(A5,A§)€BR3(A6,A§)(A5’ As) Ag) Ui, (Ag' A6)
Pyy = {#§3(A§‘AZ)®§3(A5:AZ)(A§’ Ay, As) + ny(As, AZ;)} ~ iy (A3 Ao)
$ Pag = pg; (4s, Ae) = {#;%3(A5,A§)eaﬁ3(A5.Af,)(AS» A3, A3) + g, (4s, A6)} (14)

Py, = {H§3(A§,A6)$§3(AZ, A(,)(A”é; Ay Ag) + 1z, (As, Ae)} -
- {M§3(A6, A3) DR (46, A3) (Ae' Az, AZ) + Uz, (Aa, As)}

The visualized model of information perception is present in Figure 4 in the form of a fuzzy-oriented graph, the
weights of the arcs, which are also the values of the corresponding membership functions.

,H}’il [.1'2__:{6_] I

Fig. 4. The visualized model of information perception.
External factors supporting student motivation (set I,) include:

e Creating conditions for understanding the purpose of the activities performed by students at the level of
academic assignments, at the level of mastering a specific academic discipline, passing an internship, etc.;

e Substantiation of the relationship between the acquired knowledge and its practical application in the future
professional field. In the classroom, the teacher needs, first of all, to apply an interdisciplinary approach and
establish interdisciplinary connections so that students form a knowledge system. On this basis, when studying
specific topics, starting with the conceptual apparatus, the teacher needs to give examples and specifically
indicate the place of the studied material in the field of the future profession [16];

e The use of active teaching methods in training sessions, etc.
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Hindrances to the perception of educational information (H,) lie in the psycho-behavioral types of the students
themselves. It is impossible to force a person to study against his will. If students have no desire to learn, and weak
internal motivation, then even the most patient and talented teacher is unlikely to immediately be able to see the positive
results of their work. Often, teachers, seeing the lack of interest among students, lose it themselves. The educational
process is interdependent, the art of teaching consists precisely in activating students' interest in learning through the
use of active methods and technologies.

3.3. The Potential of the Information Interaction Model

The potential of the information interaction model can be calculated as an algebraic combination of the potentials
of information transmission and perception models (15) or as their average value (16).

K = Kr; + Koy — Kry - Kug (15)
K = (Kr; + Kap)/2 (16)
Other methods of calculating the final potential can also be used.

4. Results and Discussion

4.1. Results Of the Information Transfer Model

All experiments were carried out at 0.061 < ED < 0.238. Figure 5 shows the results of the model at 10%
information transfer.

The situation numbers are indicated in column “A”, the designations in columns “B” — “J” imply the weights of the
arcs of the graph shown in Figure 3. That is i11 = ug (I, 4,), ..., i14 = pg, (I, Ay), K11 = pg, (Hy, 4,), ...,
h14 = ug, (Hy, A,). These are the input variables of the model. The output variables are the potential of the model
(K1), the potentials of its main components (4;, A,, A3, A4), and the total weight of the model (Sum(a;;)). The values
in columns “M”— “P” are calculated using formulas (3) — (6), the potential of the model is calculated using formula (11),
and the total weight of the model is the sum of the values in cells R2:W2. These coefficients, in turn, are determined
from the system (12) using the MS Excel Solver service.

A B G D E F G H I J K L M N o} P Q R 5 T u v w X

1 No| Ep | iz1 | izz | i1z | ize | iz | iz | miz | hze | 11 | m1 | a1 | a2 | A3 | A4 | Kii | a12 | a13 | a14 | a23 | a24 | a34 | Sum(aij)
2 o1 0 o0 o 0 0o o0 0 o0 0 0 01 01 019 03439 019 0,951 -0,701 -0,190 0,904 0,564 0,648 1,04764
3 0 0 019 0344 04685 Al 0916 08 01

4|1 [ o 05695 A2 08506 0,100

5 A3 08376 0,190

5 A4 0862 0,344

7 01 005 0 0 0 0 0 0 0 005 0 0145 0145 0269 04656 0269 0,802 0,517 -0,515 0,506 0,305 0,493 2,10757
8 005 0 0,269 0,466 06093 Al 09043 0855 0,145

s 2 [00s] o 07144 A2 06569 0,145

10 A3 07615 0269

1 A4 0053 0,466

12 01 005 02 0 0 0 0 0 0 024 0 0145 0316 04152 065 04152 0,331 0,331 0,676 0,03 0,044 0,1 124668
13 024 0 0415 0,658 08 Al 05522 0855 0,145

1 3 [o2a] o 0883 Az 00151 0316

15 A3 03103 0415

16 A4 06905 0,658

17 01 005 02 01 0 0 0 0 0 024 0 0145 0316 04152 06922 04152 0,157 0144 0,799 0,02 -014 -0.34 0,59881
18 0316 0 0474 0,692 0838 AL 02781 0855 0,145

15 4 [031s o 09053 A2 0159 032

20 A3 01294 0474

2 A4 0771 0,692

» 01 005 0z ¢l Ol 0 0 0 0 024 0 0145 0316 04152 06922 04152 0,008 0081 0841 0,15 0,14 0,53 0,1136
2 0316 0 0474 0,723 03542 AL 00879 0855 0,145

u s (03844 o 09147 A2 0308 0,32

25 A3 0055 0474

2 A4 08188 0,723

Fig. 5. The results of the work information transmission model with investing.

The coefficients a;; can range from —1.0 to +1.0. The closer they are to the boundary values, the stronger their
influence in the model. The proximity of these values to zero indicates a weak influence. The signs at the coefficients
can be interpreted as follows. The “+” sign indicates the predominant influence of the first element, and the “—” sign
indicates the predominant influence of the second element.
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As shown in Figure 5, when transmitting 10% of information without investment and interference (situation No. 1),
the potential of the model is 0.5695. This value is estimated as an average. Lectures, as well as presentations and
guidelines, are of the greatest importance in this situation. The gradual addition of investments helps to increase the
potential of the model but also reduces its overall weight. Therefore, the investment should be within reasonable limits.
Further reinforcement of such a model is not economically feasible.

When transmitting information without reinforcement, but taking into account interference, the model cannot
determine the potentials of the components (4, 4,, A3, A,) with a noticeable decrease in potential. A further increase
in the influence of interference leads to a zero potential of the model, which indicates the impossibility of its existence.
However, if reinforcement is added under the influence of interference, we will get the results as shown in Figure 6.

A B G D E F G H I 1 K L M N a P Q R 5 T u vV W X
1 No | Ep | it1 | iz | @13 | itd | i | iz | w1z [ w2e | 1 | m | a1 | a2 | A3 | a4 | Kii | a12 | a13 | a14 | a23 | a24 | a34 | sumij)
2 01 005 0 0 0 005 005 0 0 005 009 0005 0,045 01357 0253 01357 0,974 0,966 -0,875 0,963 0,910 0,791 -0,0221
a 005 0098 0136 0,253 03544 Al 09493 0905 0,095
al 6 10,657 0,008 0442 A2 09292 0,045
5 0,3724] A3 09272 0136
5 A4 2581 0253
7 01 005 005 0 0 005 005 0 0 0085 0098 0005 009 01767 03221 01767 0,963 001 -0,352 0913 -0.46 0,657 0,80528
8 00975 0,098 0,177 0322 04419 Al 09297 0905 0,095
a7 [0.0575 0.008 05405 A2 0873 0,09
10 A3 08339 0177
u A4 0978 0322
12 01 005 005 005 0 005 005 0 0 0085 0098 0005 009 01767 035 01767 0957 0,86 -0,177 0902 037 06 1,05055
13 014263 0.098 0218 0356 04%3 Al 09193 0905 0,095
1“8 0,098 03853 A2 08664 0,09
15 A3 08182 0218
16 A4 0512 0356
17 01 005 005 005 0 005 005 01 0 00975 0098 0005 009 01767 02737 01767 0,972 -1 0,681 0928 0,65 0,739 0,30304
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Fig. 6. The results of the information transmission model with reinforcement and interference.

Situation No. 6 shows a 5% effect of interference h,, and h,,, as well as a 5% effect of investment i,,. Despite the
exceeding influence of interference, the potential of the model increased to 0.3724. Further increasing investments at
the same level of interference impact ensures an increase in the potential and overall weight of the model. Interference
of new interference (situation No. 9) reduces both the potential of the model and its total weight. However, the
predominance of positive factors (situation No. 10) corrects the state of the information transmission model.

4.2. Results Of the Information Perception Model

The work of the information perception model is based on the same principles and assumptions as the work of the
information transmission model. The input variables are By, ug, (I, A), Hz,(Hz A3), tr,(Hz AL), u,(Ha As),
R, (Hz, A6). In Figures 7 and 8, the input variables are indicated respectively as B3, i26, h23, h24, h25, h26. The
value of B, is calculated by formula (5) as the sum of the potentials of components A4, and A,. The remaining values are
set by the expert. The output variables are the potential of the model (Kj;), its main components (43, A}, Az, 4¢) and
the total weight of the model (Sum(a;;)). The values in columns “J”—“M” in Figures 7 and 8 are calculated using
formulas (7) — (10), the potential of the model is calculated using formula (13), and the total weight of the model is the
sum of the values in the cells O2:W2. These coefficients, in turn, are determined from the system (14) using the MS
Excel Solver service.

As shown in Figure 7, students’ perception of lectures, presentations, and methodological guidelines without
additional reinforcement and any interference at the 0.19 level provides the potential of the model equal to 0.5695
(average level). The total weight of the model is 0.61168. A positive value indicates that the model is working well. In
the second situation, B; = 0.269, which provides both an increase in the potential of the model and its total weight. The
following experiments confirm this trend. An attempt at a small reinforcement of the model (situation No. 4) improves
the condition of the model, but exceeding the investment of more than the required volume significantly reduces the
overall weight of the model. This means that the model can only be improved to a certain level.
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A B C D E F G H 1 ] K L M N o] P Q R 5 T u A" W X
1 No.| B3 | i26 | 23 | h2¢ | 25 | h26 | 12 | H2 | a6 | A5 | A3+ | A4r | Kai |a53* | a63* | a3%6 |a3+4%| a54* | a64* | a65 | a56 | a4*6 |Sum(aif)
2 019 0 0 0 0 0 0 0 0 019 019 03432 046856 -0,01 0,183 -0,017 0,589 -0,14 -0,12 0,012 -0,02 0134 0,61168
3 0 019 0190 0344 019  A3* 0,19
4 1 0 056953 Ad® 05322 0,3430
5 a5 0152 0,10
6 A6 _ 01189 009924 0,0881 00992 0,00
7 0260 0 0 0 0 0 0 0 0 026898 0269 04656 060934 0,013 0,267 0,0074 0,728 -0,25 -0,23 -0,002 -0,03 0,119 0,62206
8 0 0,260 0,260 0,466 026898 A3* 0,260
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10 A5 023 0,269
1 A6 01251 009582 00978 0,0958 0,00
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Fig. 7. The model of information perception with reinforcement.

Perception of information without reinforcement, but taking into account interference (situation No. 6) reduces the
potential of the model, and its total weight makes it negative, which indicates a lack of efficiency. A further increase in
the influence of interference indicates the impossibility of the model’s existence. However, if reinforcement is added
under the influence of interference, we will get the results as shown in Figure 8.

A B C D E F G H M N o] P Q R S T u v w X
1 No.| B3 |26 | h23 | m2a | h2s | m26 | 12 | B2 | a6 | a5 | a3+ | Aer | Kai | a53* | a63* | a3*6 |a3*4*| a54* | a64= | a65 | as6 | a4*6 |Sumqaij)
2 01357 0 005 0 0 0 0 005 0 013573 01357 02098 027755 0,019 0,078 0,0089 0,349 016 0,16 0,033 0,03 0,09 -0,0091
3 0.05 0.1357 0,086 021 013573 A3* 0,086
4 6 0,05 037561 Ad* 02436 0,2008
5 03256| A5 014 01357
6 A6 0076 -0103 -0068 -0,103 0,00
7 01357 0 005 005 0 0 000975 0 013573 01357 02098 023184 0,017 0,082 0,0117 0,313 016 015 0,03 0,03 008 -0,0168
8 0.0975 0.1357 0,086 016 013573 A3* 0,086
s 7 0,098 03361 A4* 02054 0,1508

=
=]
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Fig. 8. The results of the information perception model with reinforcement and interference.

Situation No. 8 shows a 5% effect of interference h,5; and h,,, and a 5% effect of investment i,,. Despite the
exceeding influence of interference, the potential of the model increased to 0.451. With a decrease in the volume of
perceived information, the potential of the model decreases slightly (situation No. 9), however, with an increase in the
investment component (i, = 0.15), the potential of the model increases significantly.

4.3. Calculation Of the Potential Of The Information Interaction Model

The table contains the initial data for calculating the potential of the information interaction model, and the last two
columns present the results of the calculations. The first column of the table shows the double number of the situation.
The first digit of the number indicates the number of situations shown in Figures 5 and 6. The second digit in
parentheses is the number of the situations from Figures 7 and 8.
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Table 1. Calculation of the Potentials of the Information Interaction Model

w | 5 | e | e | e | PO b

> Bs " weight Tl N weight Al Formula (15) Formula (16)
1(1) 0.190 0.5695 1.0476 0.5695 0.6117 0.815 0.570
2(2) 0.269 0.7290 2.1076 0.7144 0.6221 0.923 0.722
3(3) 0.415 0.9110 1.2467 0.8830 0.6644 0.990 0.897
3(4) 0.415 0.9110 1.2467 0.9224 0.6877 0.993 0.917
3(5) 0.415 0.9110 1.2467 0.9496 0.2188 0.996 0.930
6(6) 0.136 0.3724 -0.0221 0.3256 -0.0091 0.577 0.349
6(7) 0.136 0.3724 -0.0221 0.2386 -0.0168 0.522 0.306
6(8) 0.136 0.3724 -0.0221 0.4510 0.1775 0.655 0.412
9(9) 0.118 0.3600 0.3030 0.4150 0.1599 0.626 0.388
9(10) 0.118 0.3600 0.3030 0.6887 0.3066 0.801 0.524

As can be seen from the table, the model has the greatest potential in situation 3(5). The lowest potential is typical
for the model in situation 6(7).

Situation 3(5) in the information transfer model, there is a situation with reinforcement of the teacher's activity. It
provides for investing in the preparation of lectures by a teacher (i;; = 0.05) and the preparation of presentations, and
methodological recommendations (i;, = 0.2). In practice, this can be expressed in additional payment to the teacher for
time to prepare lectures and presentations. For example, it takes six academic hours to transfer 10% of the educational
information from the entire course. At the same time, the teacher spends an average of 2 hours preparing one lecture and
1 hour preparing a presentation (methodological recommendations). One academic hour of classroom work is paid in
the amount of 405 monetary units, a total of 2 430 monetary units. The additional payment for the preparation of one
lecture will be 405*2 *0.05 +405*0.20 = 40.5+81 = 121.5 monetary units. There are three such lectures, which means
that in addition to the basic salary, the teacher will receive 364.5 monetary units. The effect of interference in this
situation is not considered.

In the information perception model, situation 3(5) is also a situation without interference, but with 10%
reinforcement. The practice-oriented nature of the educational material can act as an incentive for students. The
information provided to students can be very useful in their work.

Situation 6(7) has interference in both models. At the same time, there is no reinforcement in the information
perception model. As a result, this situation is recognized as the most inefficient.

4.4. Comparative Analysis of the Actual and Model Results of Interaction in the Educational Process

All the models presented above are based on the results of classroom work by teachers and students in the
economic field. Table 2 shows the results of the transfer of information, actual and obtained by the model. The fact
values K (fact) are determined by how many units of educational information the teacher was able to transfer in one
lesson according to the established plan.

Table 2. Actual and Model Results of the Transfer of Educational Information

No. I, H, Ky (fact) | Ky (calcul.) Approximation error
1 0.000 0.000 0.6 0.5695 0.0508
2 0.050 0.000 0.7 0.7290 0.0414
3 0.240 0.000 0.9 0.9110 0.0122
4 0.316 0.000 0.9 0.9350 0.0389
5 0.384 0.000 0.9 0.9480 0.0533
6 0.050 0.098 0.4 0.3724 0.0690
7 0.098 0.098 0.5 0.4880 0.0240
8 0.143 0.098 0.5 0.5470 0.0940
9 0.143 0.188 0.4 0.3600 0.1000
10 0.384 0.188 0.7 0.6670 0.0471

The main element of theory and an example of its practical use are accepted as a unit of educational information.
For example, the optimal plan is ten basis units. The teacher, without additional reinforcement, transmits six basic units
to the student audience, and then the actual value of the potential of the information transfer model is 0.6. This does not
mean that the lesson plan is not being implemented, but only indicates that the plan could have been performed better.
For example, a teacher could enhance the transmission of information with additional practical examples.

The average approximation error of the model values is 0.053 or 5.3% and does not exceed 7%, which indicates
the good quality of the model.
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Table 3 shows the results of the information perception model in comparison with the actual data. The fact values
are the proportion of the material learned by students on average in the group. For example, of the ten pieces of
information transmitted by the teacher, an average of seven units were mastered. The actual value will be 0.7. The
values are revealed by testing students.

Table 3. Actual and Model Results of Perception of Educational Information

No. B, I, H, Ky, (fact) Ky, (calcul.) Approximation error
1 0.190 0.00 0.00 0.6 0.5695 0.0508
2 0.269 0.00 0.00 0.7 0.7144 0.0206
3 0.415 0.00 0.00 0.8 0.8830 0.1038
4 0.415 0.05 0.00 0.9 0.9224 0.0249
5 0.415 0.10 0.00 0.9 0.9496 0.0551
6 0.136 0.00 0.05 0.3 0.3256 0.0853
7 0.136 0.00 0.10 0.2 0.2386 0.1930
8 0.136 0.05 0.10 0.5 0.4510 0.0980
9 0.118 0.05 0.10 04 0.4150 0.0375
10 0.118 0.15 0.10 0.7 0.6887 0.0161

The comparison of the actual and calculated values was also carried out using the average approximation error,
which is 0.0685 or 6.85%. It is also less than 7%, which indicates the good quality of the model.

The values of information interaction in the situations discussed in Table 1, calculated based on the results of
transmission and perception of educational information, are shown in Table 4.

Table 4. Comparison of the Potentials of the Information Interaction Model and Potentials of Classroom Information Interaction

Potentials of _the Information Potential_s of Classropm Approximation error
No. Interaction Model Information Interaction
Formula (15) Formula (16) Formula (15) Formula (16) Formula (15) Formula (16)
1(1) 0.815 0.570 0.840 0.600 0.0301 0.0508
2(2) 0.923 0.722 0.910 0.700 0.0138 0.0310
3(3) 0.990 0.897 0.980 0.850 0.0098 0.0553
3(4) 0.993 0.917 0.990 0.900 0.0031 0.0186
3(5) 0.996 0.930 0.990 0.900 0.0056 0.0337
6(6) 0.577 0.349 0.580 0.350 0.0056 0.0029
6(7) 0.522 0.306 0.520 0.300 0.0041 0.0183
6(8) 0.655 0.412 0.700 0.450 0.0636 0.0851
9(9) 0.626 0.388 0.640 0.400 0.0225 0.0313
9(10) 0.801 0.524 0.820 0.700 0.0235 0.2509

The approximation error of the values determined by the formula (15) was 0.018 (1.8%). The calculation using the
formula (16) showed an error of 5.8%. Both results are acceptable and confirm the good quality of the information
interaction model.

5. Conclusion

As a result of the research, a model of information interaction between a teacher and students has been created,
based on the joint use of an information transmission model and an information perception model. The teacher plays an
active role in the information transfer model. Students play an active role in the information perception model. The
model of information interaction between teachers and students is designed to develop recommendations for improving
the effectiveness of the educational process. The effectiveness of the educational process is understood as matching the
costs and efforts of both the teacher and the students to the result. The result here is the percentage of students
mastering educational information. The study found that the more benevolent the teacher and students are towards each
other, the more effective the learning process. An additional incentive may be investments in the educational process,
and not only of a financial nature.

The method that has shown good effectiveness in practice is the introduction of modern information technologies
into the educational process, which are well understood by both the teacher and the students. The use of digital services
increases the interest of the student audience in the educational process. Accordingly, the level of mastering educational
information, academic performance, and the effectiveness of the educational process as a whole increases.
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The developed model of information interaction can be used by teachers of various academic disciplines to identify

the advantages and disadvantages of the educational process. Based on the simulation results, teachers can conclude
about the effectiveness or insufficient effectiveness of the educational process and offer management (for example, the
head of the department or the dean of the faculty) a joint solution to the identified problems.

Future research suggests the development of educational strategies for teachers, taking into account the perception

of learning information by student groups.
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