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Abstract: The emergence of a large number of e-learning platforms and courses does not solve the problem of improving 

the quality of education. This is primarily due to insufficient implementation or lack of mechanisms for adaptation to the 

individual parameters of the student. The level of adaptation in modern e-learning systems to the individual characteristics 

of the student makes the organization of human-computer interaction relevant. As the solution of the problem, a 

mathematical model of the organization of human-computer interaction was proposed in this work. It is based on the 

principle of two-level adaptation that determines the choice of the most comfortable module for studying at the first level. 

The formation of an individual learning path is performed at the second level. The problem of choosing an e-module is 

solved using a fuzzy logic. The problem of forming a learning path is reduced to the problem of linear programming. The 

input data are the characteristics of the quality of student activity in the education system. Based on the proposed model the 

computer technology to support student activities in modular e-learning systems is developed. This technology allows 

increasing the level of student’s cognitive comfort and optimizing the learning time. The most important benefit of the 

proposed approach is to increase the average score and increase student satisfaction with learning. 

 

Index Terms: Computer Science, E-Learning, Adaptation, Fuzzy Logic, Optimization, Mathematical Model. 

 

 

1.  Introduction 

The development of information technology has led to the possibility of mass introduction of e-learning through an 

e-learning system. Features of modern e-learning system are a large number of electronic resources. However, the 

accumulation of e-learning modules (e-Module) often does not have the desired effect. There are some problems in 

modern e-learning system. The most important are the low level of adaptation to the individual characteristics of the 

student and the inability to predict learning outcomes.  

In the works of many scientists in human-computer interaction elements of the theory and practice of training 

operators of various automated systems have been developed [1-5]. However, the specificity of modern e-learning 

system excludes the full solution of the problems of choosing options for organizing human-computer interaction based 

on known methods and models. If there are several options of algorithms for the implementation of educational and 

cognitive activities, the learner (hereinafter “student”) is needed to choose the most rational option, taking into account 

the existing constraints. Research aim is to improve the efficiency of human-machine interaction in learning systems. 

The criterion of effectiveness is student satisfaction and assessment of the quality of learning outcomes. Following 

research objectives would facilitate the achievement of this aim: 

 

1. To conduct a meaningful analysis of the task of choosing the option of organizing human-computer interaction 

in e-learning system. 
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2. Develop a mathematical model for choosing the most comfortable learning module taking into account 

knowledge about learning styles. 

3. Develop a mathematical model for optimizing the learning path taking into account the existing constraints. 

4. To develop a computer system for organizing human-computer interaction in the e-learning system based on 

the designed mathematical model. 

 

Its solution will improve the quality of human-computer interaction in e-learning system and rationally use 

learning time. 

2.  Related Works Analysis 

The study relates to two main questions: 

 

1. How to compare the modules available in the system with different types of presentation of educational material 

and individual student preferences? 

2. How to form an individual learning path from the selected modules? 

 

An option to overcome these difficulties can be the use of adaptation technologies [6]. 

In work [7] it is shown that the most applicable adaptation technologies are adaptation to the characteristics of the 

student and to the learning style. When organizing an adaptive dialogue, knowledge of the learning style can be applied. 

The theory and practice of learning styles is of great interest, but there are some controversies. One of them is that there 

is no single definition for the term “learning style”. In general, learning style refers to different approaches and learning 

paths. Papers [8, 9] provide an overview of learning styles and recommendations regarding them. An example of use is 

the VAK model [10]. According to this model, individuals are divided into categories according to their preferences for 

the perception of information. 

One should note that, despite significant theoretical developments in this direction, in practice, it is still a problem 

to prepare various versions of e-Modules and their ratio to specific students for adapting educational material.  

In work [11] a recommendation system is proposed. This system forms a user profile and, using data mining 

technologies, recommends learning content. In work [12] use Formalizing Logic Based Rules for recommendation 

educational material. In work [13] proposes an architecture for the recommendation of courses to a learner based on 

his/her profile. The profile of a learner is created by applying k-means algorithm to learner’s interaction data in 

MOODLE. 

However, all of these works are suitable for quantitative data. In the task of choosing the basic type of the module 

according to the VAK model, qualitative indicators are used (for example, the student's preferences in terms of the 

degree of the presence of a kinesthetic component in the module). Therefore, a method for processing quality indicators 

is needed. The most suitable for this is fuzzy logic. In work [14] a fuzzy logic approach to assess web learner’s joint 

skills was proposed. The system will check the learner’s knowledge levels to provide the appropriate content.  

In this article was proposed to define a Degree of Cognitive Comfort (DCC). It shows the degree to which the 

student's preferences match the parameters of the module. We propose to use fuzzy inferences system for calculation 

DCC. 

The influence of the use of adaptive path technology on learning outcomes was investigated in [15]. It was 

indicated that the use of this technology made it possible to improve learning outcomes and save time. 

To solve the problem of forming a learning path, various mathematical tools are used: Petri nets [16], graph theory 

[17], artificial intelligence technologies [4, 5, 18, 19], decision trees [20] and others. However, the application of these 

approaches does not make it possible to obtain a predicted value of the number of points in the final testing. 

The formation of a learning path as an optimization problem was considered in papers [11-23]. However, these 

works did not take into account such individual psychophysiological indicators of a student as cognitive comfort [24] 

and functional state [25], which significantly affect learning outcomes. 

The possibility of using various methods of organizing a dialogue in e-learning system in the formation of an 

individual learning path has not been investigated. Alternative options for organizing a dialogue in the e-learning 

system are due to the discrete nature of the educational material, different levels of knowledge of the e-Module 

fragments and the possibility of carrying out various methods of self-control. 

To solve this problem, the concept of an agent-manager for e-learning support was proposed in [26-27]. The agent-

manager allows you to comprehensively automate the main areas of quality assurance in e-learning: 

 

1) Conduct an examination of the quality of e-Module, 

2) Determine the individual psychophysiological parameters of the student, 

3) Optimize human-machine interaction with the subsequent formation of an individual learning path. 
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Methods and models for items 1 and 2 are proposed in [26-30]. The problem of optimizing human-computer 

interaction remains open. 

To solve this issue, the expediency of using the functional-structural theory of ergo-technical systems (FST ETS) 

[31] as a basic methodology was proved in [32]. The possibilities and limitations of the existing methods for their 

application for the task of organizing the student's educational activity in e-learning system are analyzed and the 

application of the apparatus of functional networks (FN) and the generalized structural method is substantiated. 

The FST has developed a large number of tasks to optimize activities in human-machine systems [2, 31]. However, 

the specific limitations associated with the features of e-learning system, technological and morphological limitations 

were not taken into account. There are also no approaches to solving the optimization problem when it is possible to 

change the activity algorithm. Another disadvantage of this method is the lack of adequate input data. In the works [2], 

averaged data were used that do not take into account the individual characteristics of a person. 

A possible solution to these problems may be the use of artificial neural networks to create an expert system for 

assessing the indicators of the quality of student activity. 

All this suggests that it is appropriate to conduct research on the development of mathematical models for choosing 

options for the organization of human-computer interaction in e-learning system. This will be the main objective of this 

research study. This is important because the formation of an individual path based on quantitative indicators of the 

quality of student activity significantly improves the results of human-computer interaction. 

We proposed a recommendation system that recommends bases e-Modules and create an individual learning path 

with its.   

3.  Mathematical Model of the Organization of Human-Computer Interaction 

3.1.  Substantive analysis of the tasks of choosing options for organizing dialogue human-computer interaction 

As a rule, educational material is divided into separate modules [32]. The allocation of the levels of knowledge of 

the learning material determines the number of submodules. A sequence of submodules and self-control tests form an 

individual learning path. Self-control is a test of the quality of assimilation of educational material, which a student 

performs after studying a sub-module. Many options for organizing educational activities are created by choosing 

different variants of self-control (Fig. 1). The points obtained during the self-test do not count towards the final grade. 

Different methods of self-control require the allocation of different amounts of time and provide different levels of 

quality in learning activities. 

Let us highlight the following features of the e-Module structure: 

 

1. We have a learning module with different ways of organizing self-control and a reserve of learning time. All 

materials of the module are mandatory for study. You need to choose the option of self-control, which will provide the 

maximum score on the final test and the time for its implementation will not exceed the available time. 

 

 

Fig.1. Possible variants for self-control: A - study of educational material, no self-control; B - study of educational material and testing with 
subsequent re-study of the topic in case of a low level of test results; C - study of educational material and testing with further study of only 

problematic parts of the topic in case of the low level of testing results. 

2. In the structure of the module, submodules are distinguished according to the levels of knowledge of the 

educational material. It is necessary to choose those submodules and self-control that would provide the maximum 

score on the final testing. Moreover, the level of knowledge of the material should correspond to the student's desired 

level of assessment (for example, satisfactory or good, or excellent), and the time for completing the module should not 

exceed the available time. 
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Thus, the principle of adaptation can be formulated. At the first stage, choose an e-Module, the interaction with 

which provides the student with the maximum cognitive comfort of learning. At the second stage, choose a method of 

dialogue interaction, taking into account the time limit and highlighting the levels of knowledge of the educational 

material. 

3.2.  Formalized statement of the task of organizing human-computer interaction 

We introduce the following notations: BP – set of e-Module, { }BP bpm , 1,Mm  , M – the amount of basic e-

Module, m – the number of e-Module; bpm – m-th e-Module, CC – matrix of values of Degrees of Cognitive Comfort 

(DCC), { }CC cim , 1,Mm  , 1,ESi  , ccim – values of DCC of the i-th student for m-th basic e-Module, ES – 

number of students. 

The first level of adaptation: The task is to choose the basic e-Module. At the first level, it is necessary to choose e-

Module with a modality vector that will be closest to the human modality vector that provides the maximum DCC: 

 

MAX: )(ccF m                                                                             (1) 

 

where m – the number of the basic e-Module. 

The second level of adaptation: The task is to get the optimal plan for human-computer interaction. We introduce a 

binary controlled variable: 

 

if for the -  level of complexity, the -  variant of   is selected;

in all other case0 .

1
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                         (2) 

 

Then, taking into account the introduced designations and the variable xkl, you can set the objective function: 
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p
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where  

 

Fp(Xm) – assessment in points of the quality of studying the i-th submodule of the m-th module,  

Xm – a variable that determines the variant of dialogue interaction, 

T(Xm) – implementation time of the dialogue interaction Xm,  

To – the maximum allowable time for the implementation of dialogue procedures,  

P(Xm) – the level of knowledge assessment,  

pо – the minimum allowable level of knowledge assessment,  

U(Xm) – the level of knowledge of the submodule,  

uо – the maximum allowable level of knowledge,  

0
(1, )k k – a variable that characterizes the level of knowlege of the fragment of the process of studying the m-th 

module,  

01,l l – a variable that characterizes the variant of self-control,  

l0 – the number of possible methods of dialogue interaction. 

 

The solution of problem (3) – (4) allows you to determine the optimal variant of human-computer interaction and 

predict the result of passing the overall final control. 
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3.3.  Selection of the basic e-Module for the implementation of training procedures  

Let us define the DCC indicator in the form of some subjective assessment  0;1D . The greater the value of this 

criterion, the greater the priority of the module to present it to a particular student. The simulation is based on the 

assumption: the more the parameters of the module meet the requirements of the student, the greater the value of D. 

The correspondence model will represent a functional mapping of  ( , ) 0;1 ,R Pm Pe D    where 

{ }Pm pmi , (1, )i l   – module parameters, { }Pe pei , (1, )i l   – student preferences.  

The set of specific parameters analyzed in each case depends on many factors. In this paper, we will limit the 

parameter of the module “Style of presentation of information” with the following components: verbal, visual, aural, 

and kinesthetic. 

Let D denote the integral indicator of the DCC. To assess this indicator, we use the following information: 

X – DCC for the visual component assessed taking into account the following particular indicators: x1 – the degree 

of manifestation of the visual component of the module, x2 – the student’s preferences for the visual component, 

Y – DCC for the verbal component assessed taking into account the following particular indicators: y1 – the amount 

of text material in the module, y2 – the student’s preferences for the verbal component, 

Z – DCC for the aural component taking into account the following particular indicators: z1 – the degree of 

manifestation of the aural component in the module, z2 – student's preference for the aural component, 

V – DCC for the kinesthetic component assessed taking into account the following local indicators: v1 –the number 

of interactive elements in the module, v2 – the student's preference for the kinesthetic component. 

The task of the assessment is to obtain the value of the student's DCC when working with a module with known 

parameters. The general scheme for solving the problem is a sequence of the following actions: 

 

a) Assessment of the parameters of the e-Module and the student according to the selected indicators, 

b) Fuzzy inference procedure, 

c) Calculation of the DCC. 

 

In the case of several available modules, ranking by DCC is performed. 

The peculiarity of the module's indicators is that they are qualitative in nature, that is, they do not have an exact 

quantitative measurement. It is advisable to evaluate the indicators using the “thermometer principle”. Student 

parameters can either be determined automatically from the test results, or by directly entering their preferences. 

Fuzzy inference. Fig. 2 shows the hierarchy of compliance indicators in the form of an output tree, which 

corresponds to the system of relations (5) - (9). 

 

 

Fig.2. Hierarchical tree of logical inference. 
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1 2
( , ).

V
V f v v                                                                                 (9) 

 

This ratio puts into correspondence fuzzy logic equations that allow determining the level of the indicator R by the 

maximum of the membership function: 
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The fuzzy inference algorithm has the form: 

 

1. The vector of values of input variables is fixed (
* * * * * * * *

1 2 1 2 1 2 1 2
, , , , , , ,x x y y z z   ). 

2. The value of the membership function of terms-estimates of input variables is determined. 

3. Using relations (10) - (14), the membership functions of the terms-estimates of the initial quantity corresponding 

to the vector of values of the input variables are calculated. 

4. An estimate is determined, for which the membership function is maximal: 

 

*
*

1,

max
( , , , ) [ ( , , , )] .j jD D

jj r
X Y Z V X Y Z V D D 


                                    (15) 

 

The fuzzy number at the output of the algorithm becomes crisp: 

 

31 2 4

1 2 3 4

( , , , ) ( , , , ) ( , , , ) ( , , , )
, , ,

DD D D
X Y Z V X Y Z V X Y Z V X Y Z V

D
D D D D

    
  
 

.               (16) 

 

Assessment of the integral indicator. Suppose that the linguistic variables xi, yi, zi, vi  are estimated by fuzzy terms 

H – low, C – medium, B – high, determined using the Gaussian membership function. 

Using fuzzy terms, let us define knowledge about relation (5) – (9) in the form of knowledge matrices. 

Table 1 presents a fragment of the matrix for relation (5). Each group of lines reflects a conditional statement that 

connects the fuzzy values of the input and output variables. 

For example, Table 1 shows that the following statement: IF (X = B) AND (Y = B) AND (Z = B) AND (V = B) 

THEN R = B is a condition of high conformity of the module. 

Table 1. Fuzzy knowledge base for the integrated indicator DCC (fragment)  

X Y Z V D 

В В В В В 

С С С С С 

Н Н Н Н Н 
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Fuzzy logic equations, which are put in accordance with Table 1, make it possible to assess the integral indicator of 

compliance for fixed values of local indicators. Fuzzy inference for a hierarchical system of indicators occurs by fuzzy 

inference for intermediate peaks with the subsequent transfer of clear values of these variables to fuzzy systems of the 

next level of the hierarchy. 

3.4.  Obtaining the optimal plan of human-machine interaction in e-learning system 

Enter the notation: 

Xm is a matrix of possible variants for the process of human-machine interaction in the environment of the basic m-

th e-Module, 1,m M  , where M is the number of the e-Module. The elements of the matrix xkl define the objects for 

constructing an individual learning path in the basic e-Module. The variable
0

1,k k  characterizes the level of 

knowledge of the submodule of the basic e-Module. The variable 
01,l l  characterizes the variant of constructing 

dialogue procedures, where l0 is the number of possible options for organizing the control procedure. 

Bm is a matrix that contains learning scores in points in the environment of the basic e-Module. The elements of the 

matrix  
kl

b  (
0

1,k k , 
01,l l ) are formed because of calculating individual predictive values for each student. 

Tm is a matrix that contains the value of time to study the submodules of the basic e-Module. The elements of the 

matrix tkl ( 0
1,k k , 01,l l ) are formed as a result of calculating individual predictive values for each student. 

You can set the objective function, which determines, for the m-th e-Module, the number of points obtained for the 

correct answers during self-monitoring if the dialogue interaction took place according to the variant xkl:  

 

MAX:  
0 0

1 1

k l

kl kl

k l

b x
 

                                                                        (17) 

 

Constraints on the mathematical expectation of the execution time of the dialogue procedure for studying the m-th 

basic e-Module according to the l-th variant with a knowledge level of k: 

 

0 0
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Constraints on the level of knowledge (U0 – the maximum allowable knowledge level): 
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0
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There is only one way to interact at each step: 

 

1

1
lo

kl

l

x


 ;                                                                               (20) 

 

 0,1 .klx                                                                               (21) 

 

Thus, the solution of problem (17)-(20) allows us to determine the optimal plan of human-machine interaction 

Х=(xkl), ( 0
(1, )k k , 

0
(1, )l l ). 

If there is a sufficiently complete database of the results of the actual human-machine interaction, the problem of 

obtaining the original data is reduced to the problem of approximation. To solve this problem, the apparatus of artificial 

neural networks (ANN) is used. 

An artificial neural network of the MIMO type (multi-input multi-output) with one hidden layer has been 

developed. The parameters of the student (level of motivation, input control, cognitive comfort, and functional state), 

parameters and features of the structure of the module (level of knowledge of the module, method of self-control, etc.) 

are set as inputs. Interaction results (training time, learning result in points) are given as outputs. The setting of weights 

of ANN in the training sample “known input” – “known output” was based on the algorithm of inverse error 

propagation. The ANN’s ability to generalize makes it possible to obtain data that are absent in the training sample.
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3.5.  An example of modeling the organization of human-computer interaction in e-learning system 

The input data for the first stage of adaptation are the parameters of the e-Module (Fig. 3) and the parameters of 

the student (Fig. 4). Since they are of a qualitative nature, the measurements are carried out according to the method [29] 

on the thermometer scale. The modality test was used to determine the student parameters [33]. 

 

 

Fig.3. Evaluation of e-learning module parameters. 

 

Fig.4. Evaluation of student parameters. 

Because of applying the model according to item 4.1, we obtained the following values of DCC (Table 2). 

Table 2. DCC  

No of e-Module 1 2 3 4 

DCC 0.63 0.39 0.22 0.29 

 

Therefore, the module No1 is chosen for the basic e-Module. 

The second stage of adaptation makes it possible to obtain an optimal plan for choosing an option for dialogue 

interaction using various methods of self-control (Fig. 1). Table 3 shows the input data for the optimization problem for 

the selected three levels of knowledge of the e-Module.  

Table 3. Input data for the optimization problem 

Levels of knowledge of 
the module 

Score, points Time, min. 

1 8 9 9

8 9 9

8 10 10

B 

 
 
 
 
   

10 18 15

9 19 18

9 19 20

T 

 
 
 
 
   

2 

3 

 

It is necessary to obtain an individual student learning path for different values of time reserves T0={30, 45, 60}. 

Table 4 shows the results of solving the optimization problem for the input data (Table 3) and various time 

reserves Т0. 

The greater the reserve of available time, the greater the level of quality of training can be achieved. The obtained 

matrices correspond to the learning paths shown in Fig. 5. Possible options for the organization of self-control 

correspond to Fig.1 (for l = 1 – Fig.1, A; for l = 2 – Fig. 1, B; for l=3 – Fig. 1, C). 
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Table 4. The results of solving the optimization problem 

Time reserve Т0, min The optimal plan 
Forecast of points scored per module / 

possible number of points 
Time forecast, min 

30 

1 0 0

1 0 0

1 0 0

X

 
 

  
 
   

24/30 28 

45 

0 0 1

1 0 0

0 1 0

X

 
 

  
 
   

27/30 43 

60 

0 0 1

0 1 0

0 0 1

X

 
 

  
 
   

28/30 54 

 

The path (Fig. 5, a) can be used with minor time reserves. It does not provide self-control but provides the lowest 

level of learning quality. 

The path (Fig. 5, b) requires more time, but provides an opportunity to refine fragments of educational material 

with an insufficient level of quality of learning, which improves the quality of learning.  

The path (Fig. 5, c) provides the highest level of learning quality through re-study of the material in case of low 

self-control results but requires even more time. 

 

 

Fig.5. Variants of individual learning paths for different time reserves: a – T0=30; b − T0=45; c − T0=60, where k is the level of knowledge, and l is a 
variant of self-control. 

4.  Results and Discussions 

Computer technology for the organization of human-computer interaction in e-learning system is implemented by 

the software package “Modelling qualimetric complex of dialogue interaction in the student-computer system”. 

Basic functional requirements for the software package: 

 

 quality examination and evaluation of e-Module parameters; 

 determination of the parameters of students; 

 determination of the degree of compliance of the e-Module parameters with the student's preferences; 

 determination of the current functional state of the student; 

 preparation of initial data is the definition of probabilistic-temporal indicators of the quality of training for the 

assessment of algorithms of activity; 

 optimization is the choice of an individual learning path in the environment of basic e-Module; 

 maintaining a database of the results of dialogue interaction in the e-learning system. 

 

Fig. 6 shows the composition of software and information tools required to automate the task of organizing human-

computer interaction in e-learning system. 
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To study the effectiveness of the developed models and computer technology, the experiments were carried out 

based on the Sumy National Agrarian University. In the e-learning system MOODLE, a course "Informatics" was 

developed. This course contained four options for basic modules of educational content, three levels of knowledge and 

three options for conducting self-monitoring of learning outcomes. Fig. 7 shows the user interface in the formation of an 

individual learning path. 

 

 

Fig.6. A set of information and software tools for organizing human-computer interaction in the e-learning system. 

Test A corresponds to the method of self-control (Fig. 1, B), which provides a complete re-study of the material in 

the case of an insufficient number of correct answers to test questions. 

Test B corresponds to the method of self-control (Fig. 1, C), which provides additional study of only problematic 

fragments of educational material in the case of an insufficient number of correct answers to test questions. 

 

 

Fig.7. Window for the formation of an individual learning path. 

Two groups of students were selected for the experiment. The experimental group was trained with the support of a 

recommendation system. The control group was trained using traditional technology. In the experimental group, at the 

first step, VAK-testing of students was carried out. Then these students were asked to look through samples of basic 

modules and choose the most comfortable one for their study. The coincidence of the student's choice and the 

recommendation of the system was 86.73%. The second step determined the individual learning path. The average score 
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in the experimental group raised from 72.32 to 81.43. An important indicator is a decrease in student refusals from a 

learning session and an increase in learning satisfaction. 

We also applied this recommendation system for the course "Information and Cybersecurity Standards" is being 

developed on the TalentLMS cloud learning platform (Fig.8). We are currently conducting a study on the effectiveness 

of system implementation for this platform. 

 

 

Fig.8. The course "Information and Cybersecurity Standards". 

The learning materials of the course are formed using the knowledge of learning styles according to the VAK 

model. So, for example, in Fig. 9 shows a fragment of a course for a Visual learning style. The Auditory style is 

implemented as an audio version of the learning material.  

 

 

Fig.9. Fragment of a course for a Visual learning style. 

The formulation of the problem of choosing options for organizing human-machine interaction in the e-learning 

system as an optimization problem has been developed. The problem was solved by implementing the principle of two-

level adaptation. At the first level, we select an electronic module, the parameters of which are most consistent with the 

student's requirements. At the second level, we form an adaptive individual learning path in the environment of this 

module. 

In contrast to the known optimization models [1, 13, 14], which use the indicator "probability of error-free 

execution", the model uses the assessment of learning quality in points. The advantage of the proposed approach is that 

the developed model takes into account the desired level of learning knowledge and features of the structure of the e-

Module. 

In contrast to the [14] models, which use average human performance, a model based on artificial neural networks 

has been developed. The advantage of this model is the use of the actual results of human-machine interaction, which 

are accumulated in e-learning system database and taking into account the individual psychophysiological parameters of 

the student. 
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We can identify the following main limitations inherent in this study: only algorithmic discrete student activity is 

considered, the course has a modular structure, student performance indicators are unchanged when working with e-

Module, control is carried out in the form of closed-type tests. 

However, we should note that the actual learning results might not match the values determined by the model. 

Based on this, it is necessary to develop a technology for the possible reconstruction of the individual learning path, 

taking into account the new actual values. 

5.  Conclusions and Future Work 

1. We carried out a meaningful analysis of the problem of choosing a variant of organizing human-computer 

interaction in e-learning system. It has been determined that alternative options for organizing a dialogue in e-learning 

system are due to the discrete nature of the educational material, the features of the structure of the e-Module and the 

possibility of organizing the methods of human-computer interaction through the use of various methods of self-control. 

2. A mathematical model of the organization of human-computer interaction, based on the principle of two-level 

adaptation, has been developed. At the first level, the basic e-Module is selected. The apparatus of fuzzy logic is chosen 

as the main tool for mathematical formalization [34]. A fuzzy inference model was developed to quantify the degree of 

compliance. At the second level, the search for the optimal plan of human-computer interaction in the environment of 

the basic e-Module is performed. The problem comes down to a linear programming problem. An artificial neural 

network provides the formation of input data. According to the obtained optimal plan and taking into account the 

existing restrictions, the parameters of the students and the features of the modular structure, an individual learning path 

is formed.  

3. We have developed a computer technology, which, unlike the known ones, allows us, within the framework of a 

single system, to automate comprehensively all the processes necessary for organizing high-quality human-computer 

interaction in e-learning system: 

 

 comprehensive consideration of factors influencing the performance of students; 

 quality assessment of e-learning modules; 

 automatic forecasting of learning outcomes taking into account individual features; 

 automatic selection of the optimal variant of human-computer interaction.  

 

The most important benefit of the proposed approach is improving the average score and increasing student 

satisfaction in learning.  

The direction of further research is to develop a model of human-machine interaction, which will take into account 

the actual learning outcomes and update the proposed individual path. It is also necessary to develop agent-manager 

software that implements cloud computing. 

References 

[1] Grif M. G., Sundui, O., Tsoy, E. B. “Methods of designing and modeling of man-machine systems”, Proceedings of 

International Summer workshop Computer Science. pp. 38-40, 2014.  

[2] Omid. Sharifi, "Score-Level-based Face Anti-Spoofing System Using Handcrafted and Deep Learned Characteristics", 

International Journal of Image, Graphics and Signal Processing (IJIGSP), Vol.11, No.2, pp. 15-20, 2019.DOI: 

10.5815/ijigsp.2019.02.02. 

[3] Pinchuk, O., Burov, O., Lytvynova, S. “Learning as a systemic activity”, Karwowski W., Ahram T., Nazir S. (Eds.), Advances 

in Human Factors in Training, Education, and Learning Sciences. Springer, Cham, pp. 335-342, 2020. DOI: 10.1007/978-3-

030-20135-7_33. 

[4] Zaritskiy, O., Pavlenko, P., Tolbatov, A. “Data representing and processing in expert information system of professional 

activity analysis”, 2016 Modern Problems of Radio Engineering, Telecommunications and Computer Science, Proceedings of 

the 13th International Conference on TCSET, pp. 831–833. 

[5] Zaritskry, O., Pavlenko, P., Sudic, V., Tolbatov, A., Tolbatova, O., Tolbatov, V., Tolbatov, S., Viunenko, O. “Theoretical bases, 

methods and technologies of development of the professional activity analytical estimation intellectual systems”, 2nd 

International Conference on Advanced Information and Communication Technologies, pp. 101-104, 2017. 

[6] Ennouamani, S., Mahani, Z. “An overview of adaptive e-learning systems”, Eighth International Conference on Intelligent 

Computing and Information Systems (ICICIS), Cairo, pp. 342-347, 2017. DOI: 10.1109/INTELCIS.2017.8260060. 

[7] Klašnja-Milićević A., Vesin B., Ivanović M., Budimac Z., Jain L.C. “Personalization and adaptation in e-learning systems”, E-

Learning Systems. Intelligent Systems Reference Library, pp. 21-25, 2017. DOI:10.1007/978-3-319-41163-7_1. 

[8] Fleming, S., McKee, G., Huntley-Moore, S. “Undergraduate nursing students' learning styles: a longitudinal study”, Nurse 

education today, 31(5), pp. 444–449, 2011. DOI: 10.1016/j.nedt.2010.08.005. 

[9] Knoll, A. R., Otani, H., Skeel, R. L., Van Horn, K. R. “Learning style, judgements of learning, and learning of verbal and visual 

information”, British journal of psychology, 108(3), pp. 544–563, 2017. https://doi.org/10.1111/bjop.12214. 

[10] Fleming, N., Baume, D. “Learning Styles Again: VARKing up the Right Tree! ”, Educational Developments, 7, pp. 4-7, 2006. 



 Mathematical Model for Adaptive Technology in E-learning Systems 13 

Copyright © 2022 MECS                                                      I.J. Modern Education and Computer Science, 2022, 4, 1-15 

[11] Mabrouk, M. El, Gaou, S. and Rtili, M. K. “Towards an intelligent hybrid recommendation system for e-learning platforms 

using data mining,” International Journal of Emerging Technologies in Learning (iJET), 12(06), pp. 52-76, 2017. 

[12] Ehimwenma, K.E., Crowther, P., Beer, M. Formalizing logic based rules for skills classification and recommendation of 

learning materials. I.J. Information Technology and Computer Science, 9, pp. 1-12, 2018. 

[13] Rawat, B., Dwivedi, S.K. An Architecture for Recommendation of Courses in E-learning System, I.J. Information Technology 

and Computer Science, 4, pp. 39-47, 2017. DOI: 10.5815/ijitcs.2017.04.06 

[14] Mitra, M., Das, A."A Fuzzy Logic Approach to Assess Web Learner's Joint Skills", IJMECS, 7, 9, pp.14-21, 2015.DOI: 

10.5815/ijmecs.2015.09.02 

[15] Muhammad, A., Zhou, Q., Beydoun, G., Xu, D., Shen, J. “Learning path adaptation in online learning systems”, IEEE 20th 

International Conference on Computer Supported Cooperative Work in Design (CSCWD), pp. 421-426, 2016. DOI: 

10.1109/CSCWD.2016.7566026. 

[16] Dai, J., Su, G., Sun, Y., Ye, S., Liao, P., Sun, Y. “Application of advanced Petri net in personalized learning”, Proceedings of 

the 9th International Conference on E-Education, E-Business, E-Management and E-Learning. Association for Computing 

Machinery, New York, NY, USA, pp. 1–6, 2018. DOI: 10.1145/3183586.3183588. 

[17] Wang F., Zhang L., Chen X., Wang Z., Xu X. “Research on personalized learning path discovery based on differential evolution 

algorithm and knowledge graph”, Data Science. ICDS 2019. Communications in Computer and Information Science, 1179, 

Springer, Singapore, pp. 285-295, 2019. DOI: 10.1007/978-981-15-2810-1_28. 

[18] Colchester, K., Hagras, H., Alghazzawi, D., Aldabbagh, G. “A survey of artificial intelligence techniques employed for adaptive 

educational systems within e-learning platforms”, Journal of Artificial Intelligence and Soft Computing Research, 7(1), pp. 47-

64, 2017. DOI: 10.1515/jaiscr-2017-0004. 

[19] Dovbysh, A., Budnyk, M., Piatachenko, V., Myronenko, M. “Information-Extreme Machine Learning of On-Board Vehicle 

Recognition System”, Cybernetics and Systems Analysis, 56, pp. 534–543, 2020. DOI: 10.1007/s10559-020-00269-y. 

[20] Chen, Y. H., Tseng, C. H., Huang, C. L., Deng, L. Y., Lee, W. C. “Recommendation system based on rule-space model of two-

phase blue-red tree and optimized learning path with multimedia learning and cognitive assessment evaluation”, Multimedia 

Tools and Applications, 76(18), pp. 18237–18264, 2017. DOI: 10.1007/s11042-016-3717-3. 

[21] Gao, Y., Chang, H. J., & Demiris, Y. “Iterative path optimisation for personalised dressing assistance using vision and force 

information”, IEEE/RSJ international conference on intelligent robots and systems, Daejeon, pp. 4398-4403, 2016. 

DOI: 10.1109/IROS.2016.7759647. 

[22] Vanitha, V., Krishnan, P., Elakkiya, R. “Collaborative optimization algorithm for learning path construction in E-learning”, 

Computers & Electrical Engineering, 77, pp. 325-338, 2019. DOI: 10.1016/j.compeleceng.2019.06.016. 

[23] Zhengbing Hu, Ivan Dychka, Mykola Onai, Yuri Zhykin, "Blind Payment Protocol for Payment Channel Networks", 

International Journal of Computer Network and Information Security (IJCNIS), Vol.11, No.6, pp.22-28, 2019.DOI: 

10.5815/ijcnis.2019.06.03 

[24] Sisay Tumsa, " Application of Artificial Neural Networks for Detecting Malicious Embedded Codes in Word Processing 

Documents", International Journal of Wireless and Microwave Technologies (IJWMT), Vol.10, No.5, pp. 35-40, 2020.DOI: 

10.5815/ijwmt.2020.05.04  

[25] Zhang, J. H., Xia, J. J., Garibaldi, J. M., Groumpos, P. P., Wang, R. B. “Modeling and control of operator functional state in a 

unified framework of fuzzy inference petri nets”, Computer Methods and Programs in Biomedicine, 144, pp. 147-163, 2017. 

DOI: 10.1016/j.cmpb.2017.03.016. 

[26] Lavrov, E., Pasko, N., Tolbatov, A., Barchenko, N. “Development of adaptation technologies to man-operator in distributed e-

learning systems”, 2nd International Conference on Advanced Information and Communication Technologies, pp. 88-91, 2017. 

DOI: 10.1109/AIACT.2017.8020072. 

[27] Lavrov, Е., Barchenko, N., Pasko, N., Borozenec, I. “Development of models for the formalized description of modular e-

learning systems for the problems on providing ergonomic quality of human-computer interaction”, Eastern-European journal 

of enterprise technologies, 2, pp. 4-13, 2017. DOI: 10.15587/1729-4061.2017.97718. 

[28] Lavrov, E., Barchenok, N., Lavrova, O., Savina, N. “Models of the dialogue “human-computer” for ergonomic support of e-

learning”, ICTERI Workshops 2019 3rd International Conference on Advanced Information and Communications Technologies. 

pp. 187-190. DOI: 10.1109/AIACT.2019.8847763. 

[29] Lavrov, E., Kupenko, O., Lavryk, T., Barchenko, N. “Organizational approach to the ergonomic examination of e-learning 

modules”, Informatics in education, 12(1), pp. 107-124, 2013. DOI: 10.15388/infedu.2013.08. 

[30] Lavrov, E., Lavrova, O. “Intelligent adaptation method for human-machine interaction in modular e-learning systems”, 

Proceedings of the 15th International Conference on ICT in Education, Research and Industrial Applications. Integration, 

Harmonization and Knowledge Transfer. Volume II: Workshops, 2019.  

[31] Adamenko, A.N., et al. Informatsionnye upravlyayushchye cheloveko-mashynnye sistemy issledovanyia, proektyrovanye, 

testyrovanye (Information controlling human-machine systems: research, design, and testing). Mashinostroyenye, Мoscow, 

1993. 

[32] Giurgiu, L. “Microlearning an evolving elearning trend”, Scientific Bulletin, 22(1), pp. 18-23, 2017. DOI: 10.1515/bsaft-2017-

0003. 

[33] Siwi, M. K. Yuhendri L V. “Analysis Characteristics of Learning Styles VAK (Visual, Auditory, Kinesthetic) Student of Banks 

and Financial Institutions Course”, International Conference on Education for Economics, Business, and Finance (ICEEBF), 

2016. 

[34] Zhengbing Hu, Yulia Khokhlachova, Viktoriia Sydorenko, Ivan Opirskyy, "Method for Optimization of Information Security 

Systems Behavior under Conditions of Influences", International Journal of Intelligent Systems and Applications (IJISA), Vol.9, 

No.12, pp.46-58, 2017. DOI: 10.5815/ijisa.2017.12.05 

 

 



14 Mathematical Model for Adaptive Technology in E-learning Systems  

Copyright © 2022 MECS                                                      I.J. Modern Education and Computer Science, 2022, 4, 1-15 

Authors’ Profiles 
 

Nataliia Barchenko, PhD in Engineering Science, Associate Professor of the Department of Computer Science, 

Sumy State University, Sumy, Ukraine. Research interests include e-learning, human-computer interaction, expert 

systems. 

 

 

 

 

 

 

 

Andrii Tolbatov, PhD in Engineering Science, Associate Professor of the Department of Cybernetics and 

Informatics, Sumy National Agrarian University, Sumy, Ukraine. Research interests include e-learning, 

information systems and technology, cybersecurity, intellectual systems. 

PostDoc in NAU Cybersecurity R&D Lab http://cyberlab.fccpi.nau.edu.ua/ 

 

 

 

 

 

 

Volodymyr Tolbatov, PhD in Engineering Science, Associate Professor of the Department of Computer Science, 

Sumy State University, Sumy, Ukraine. Research interests include e-learning, information technology, control 

systems for technological processes. 

 

 

 

 

 

 

 

Sergiy Gnatyuk, DSc, PhD, Professor. In 2007 he received MSc degree in information security from NAU. He 

received PhD in Eng degree in cyber-security from NAU in 2011 and DSc in 2017. In 2014 he received Associate 

Professor degree as well as in 2021 he received Full Professor degree. Vice-Dean of the Faculty of Cybersecurity, 

Computer & Software Engineering. Scientific Adviser in NAU Cybersecurity R&D Lab 

http://cyberlab.fccpi.nau.edu.ua/ IEEE Member, Scientific Adviser of Engineering Academy of Ukraine. Research 

interests: cryptography, quantum key distribution, network & internet security, information security incident 

management, cybersecurity & CIIP. 

 

 

 

Tetiana Lavryk, PhD in Pedagogical Sciences, Senior Lecturer of the Department of Computer Science, Sumy 

State University, Sumy, Ukraine. Research interests include applied methods for self-organization and self-

management in blended learning, learning resources and tools for security education. 

 

 

 

 

 

 

Viktor Obodiak, PhD in Engineering Science, Associate Professor of the Department of Computer Science, 

Sumy State University, Sumy, Ukraine. Research interests include e-learning, cybersecurity, expert systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Mathematical Model for Adaptive Technology in E-learning Systems 15 

Copyright © 2022 MECS                                                      I.J. Modern Education and Computer Science, 2022, 4, 1-15 

Igor Shelehov, PhD in Engineering Science, Associate Professor of the Department of Computer Science, Sumy 

State University, Sumy, Ukraine. Research interests include development of scientific and methodological 

foundations and information tools for designing self-learning adaptive control systems for technological 

processes. 

 

 

 

 

 

 

Olena Tolbatova, Master's degree in automation and computer-integrated technologies. Postgraduate student in 

NAU Cybersecurity R&D Lab http://cyberlab.fccpi.nau.edu.ua/ 

 

 

 

 

 

 

 

 

 

How to cite this paper: Nataliia Barchenko, Volodymyr Tolbatov, Tetiana Lavryk, Viktor Obodiak, Igor Shelehov, Andrii Tolbatov, 

Sergiy Gnatyuk, Olena Tolbatova, "Mathematical Model for Adaptive Technology in E-learning Systems", International Journal of 

Modern Education and Computer Science(IJMECS), Vol.14, No.4, pp. 1-15, 2022.DOI: 10.5815/ijmecs.2022.04.01 

 


