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Abstract: The current pace of development of information technology has created the preconditions for the emergence 
of a wide range of tools for providing educational services using distance learning technologies.  This is confirmed by 
the intensification of the use of distance learning systems in the conditions of sanitary and epidemiological restrictions 
and the need for acute cost savings. 

The existing scientific and methodological apparatus for studying the quality of functioning of distance learning 
systems is mostly based on approaches to separate assessment of the effectiveness of their elements and the relevant 
quality indicators. This limits the ability to take into account important factors in the decision-making process and 
requires comprehensive consideration of the contributions of relevant subsystems to the functioning of the distance 
learning system. 

In order to solve this problem, the article presents a comprehensive methodology for assessing the effectiveness of 
distance learning system, based on methods of probability theory and hierarchy analysis and describes the patterns of 
influence on the effectiveness of distance learning system of importance and contributions of its subsystems. 
Comparative analysis of the data obtained by monitoring and forecasting performance indicators based on the proposed 
method, shows an increase in the reliability of the assessment within 15-18%, which in contrast to the existing reduction 
of standard deviation of performance indicators by an average of 26% and ensures the adequacy of the results within 
certain assumptions and hypotheses. 

In such conditions, the choice of an appropriate option for the construction of the DN system is ensured by the 
reliability of the forecast of the results of its operation in the range of 82-85%, which is high enough to make 
appropriate decisions. 
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The value of this study lies in the possibility of using the tested scientific and methodological apparatus in 
forecasting the outcome of the system and saving material, financial and human resources in the process of 
implementing the relevant recommendations in practice. This fact makes it possible to eliminate limitations in the 
practice of building distance learning systems and creates a new opportunity to cover a wider range of factors that affect 
the quality of operation.The application of this technique makes it possible to predict the results of the joint operation of 
the relevant subsystems of the distance learning system, taking into account their contribution to the overall result. 
 
Index Terms: Methodology, Efficiency, Distance learning, Quality indicator. 
 

1.  Introduction 

Current trends in the development of educational technologies require efforts to develop distance learning as one 
of the effective tools for implementing the model of lifelong learning [1]. The actualization of this issue acquires 
characteristics in the context of sanitary and epidemiological restrictions around the world and requires the 
improvement of procedures for providing quality educational services. 

Distance learning is a special form of purposeful process of mastering knowledge, skills and abilities, the 
distinguishing feature of which is the interaction of remote participants in the learning process in a specialized 
environment based on modern psychological, pedagogical and information and communication technologies [2]. 

Distance learning technologies can be used in other forms of education: full-time, part-time and blended forms of 
education, the system of retraining and advanced training, the system of individual learning in the study of individual 
disciplines (topics) or blocks of the discipline. 

Global trends in the development of distance learning in advanced countries show efforts to ensure, on the one 
hand, the approximation of the virtual learning environment to real life through the use of simulation technologies and 
gamification, on the other - the introduction of learning individual skills and knowledge of learners. The issues of using 
the results of distance learning courses in order to select personnel to participate in specific operations (missions) taking 
into account the relevant requirements are considered. Promising distance learning tools should provide effective 
individual training of relevant specialists, taking into account the applied needs and capabilities of specialists, the 
introduction of a rating system for their evaluation at the departmental level, as well as distance learning [4-7,27]. 

Analysis of trends in education has shown that the most appropriate is the use of blended learning using different 
forms of learning. 

The existing scientific and methodological apparatus does not fully take into account the impact on the 
effectiveness of the distance learning system of the quality of its components and receives an objective forecast of the 
outcome of its operation to select the most appropriate option. 

Approaches to a separate assessment of the effectiveness of the elements of the distance learning system and the 
corresponding indicators of their quality are used. This limits the possibility of taking into account important factors in 
the decision-making process and requires a comprehensive consideration of the contribution of the relevant subsystems 
to the functioning of the distance learning system. 

As the analysis showed, in the absence of dependences of the description of mutual influence on the results of 
subsystems functioning and the distance learning system in general, it is best to use the method of expert evaluations to 
improve the methodology and use it to compare obtained and expected results. 

The limitation of the application of these methods is the availability of professional knowledge about the processes, 
objects and methods of functioning of the distance learning system. The use of distance learning technologies, along 
with improving the quality of education through the use of new technologies, will reduce the cost of education, 
significantly reducing the need for classrooms and appropriate equipment, reducing the time and number of trips to 
school, minimizing the required number of publications. 

Therefore, the development of a comprehensive model of continuing education based on appropriate scientific 
methods and improving the methodology for evaluating the effectiveness of distance learning for its use to predict the 
effectiveness of distance learning in accordance with its options, taking into account the value and contribution of its 
subsystems 

2.  Literature Review 

Distance learning is a modern complex organized form of learning that can meet the educational needs of users 
regardless of their spatial and temporal location relative to educational institutions. 

The [1] describes the distance learning process as a complex process. This process must meet educational 
standards, the result of interaction between teacher and student, be implemented through telecommunications 
technology in a specific information and educational environment. But there are no specific ways of implementation. 

The paper [2] considers the components of distance learning, which can not exist and be considered separately, but 
it should be noted that the effective organization, content, and use of information and educational environment is a 
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prerequisite for high-quality distance learning and combined with effective learning methods in general. At the same 
time, no attention is paid to the fact that a significant role is played by a set of distance learning software, which 
consists of: tools for organizing and managing to learn, tools for developing distance learning resources (especially 
distance courses), tools for teacher-student interaction and students among themselves (means of web communication). 
Therefore the problem is not completely solved. 

In [3] the main attention is paid to the separate assessment of individual elements of the system and indicators of 
the quality of their functioning, in particular the processes of development of educational content, software products, etc.  
However, the comprehensive consideration of the nature of the impact and contribution to the functioning of the 
distance learning system as a whole is not described 

In [5], when assessing the quality indicators of distance learning, no attention is paid to the comprehensive 
assessment of the relevant quality indicators and the volume of satisfying needs (applications) of consumers of 
educational services. In particular, the results of the functioning of the subsystems of regulatory support need additional 
consideration; organizational support; scientific and methodological support; information and telecommunication 
support; mathematical and software; logistics; staffing; financial and economic support. Therefore, the problem of 
distance learning is not fully resolved 

The analysis of modern literature has shown that the process of joint functioning of subsystems, which provides 
the tasks of the distance learning system, has not been fully disclosed.  Taking into account the nature of learning 
indicators and their impact on performance indicators can be the basis for determining areas for achieving expected 
results.  Therefore, there is an urgent need to improve the relevant scientific and methodological apparatus and create a 
comprehensive methodology for assessing the efficiency of the functioning of the distance learning system.  

The aim of the study 

Improving the methodology for evaluating the effectiveness of the Distance Learning System to ensure the 
reliability of the evaluation of the results of its operation and the objectivity of the comparison of warrants for its 
construction to select the appropriate. 

3.  Methodology for Evaluation of the Efficiency of the Functioning of the Distance Learning System 

The methodology is based on a comprehensive approach to assessing the effectiveness of the DL system based on 
the contributions of subsystems of regulatory, organizational, scientific-methodological, information and 
telecommunications, mathematical and software, logistics, personnel, financial and economic support. It is based on the 
methods of probability theory [7] and analysis of hierarchies [9] to describe the impact of the importance of 
contributions of subsystems of the DL system. 

The validity of the choice of the method lies in its greatest suitability for use in the absence of analytical 
dependences of the description of the mutual influence on the results of the functioning of the subsystems of the DN 
system. 

The effectiveness of the chosen research method is determined by its simplicity, the possibility of operational 
objective forecasting of the results of the functioning of subsystems and the system as a whole. 

The structural and logical scheme of the methodology for evaluating the effectiveness of the distance learning 
system is presented in Fig. 1. 
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Fig.1. Structural and logical scheme of methods for evaluating the effectiveness of the distance learning system 

The block "Output data" generates initial data on: the tasks of the system and its subsystems, the staffing of 
distance learning units and the provision of technical means of training, the number of consumers and the needs for 
educational services that need to be met. 

The block "Evaluation of the efficiency of the SDL subsystem" determines the indicators of the efficiency of the 
DLS subsystem - the probability of performing tasks subsystems of legal, organizational, scientific-methodical, 
information-telecommunication, mathematical and software, logistical, personnel, financial and economic support of the 
DL system as a function of the degree of implementation of a set of appropriate measures. 

In the block “Determination of the importance of contributions of subsystems of the DL system” using the method 
of hierarchy analysis (MHA) the importance of contributions of subsystems of normative-legal, organizational, 
scientific-methodical, information-telecommunication, mathematical and program, material-technical, personnel, 
financial-economic ensuring the result (efficiency) of the DL system. 

The MAH describes the influence of formalized and non-formalized factors on the degree of importance of 
subsystem contributions in the absence of analytical relationships between them.  The main advantage of the method is 
a rational combination of subjective assessments of specialists on the relative importance of the main characteristics and 
objective (calculated) parameters of the processes that characterize the properties of subsystems.  To describe the 
properties of subsystems selected: the number of tasks assigned to the subsystems; the average value of the performance 
of typical technological operations by the executive elements of the respective subsystems; the number of actuators 
from each of the subsystems. 

At each level of the hierarchy, the required number of matrices of pairwise comparisons is compiled - one matrix 
for each element that is adjacent to the top of the corresponding level of the hierarchy.  The formation of local priorities 
from a group of matrices of pairwise comparisons, which characterize the influence of the set of elements on the 
element adjacent to the top of the corresponding level of the hierarchy.  Next, the global priority is determined and the 
consistency of the whole hierarchy is checked. 

It is assumed to rank the problem in the form of a hierarchy.  The hierarchy is built from the top - this is the 
general purpose of the problem, determining the importance of contributions to the subsystems of legal, organizational, 
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scientific and methodological, information and telecommunications, mathematical and software, logistics, personnel, 
financial and economic support (Fig. 2). 
 

 
Fig.2. Hierarchical representation of the problem of determining the importance of the contributions of subsystems in the result (efficiency) of the 
functioning of the distance learning system  

The first stage of determining the priorities of parameters (characteristics) of subsystems is their expert assessment. 
For this purpose, the results of expert evaluation by a group of experts in this field are used.  The decision-maker in 

building the hierarchy must get to the bottom of the problem.  The final results of decision-making depend on this stage. 
It is estimated that the optimal number of experts will be 10-15 people. In this case, the probability of the truth of 

the collective expert opinion is approximately 0.8 [18, 20,22]. 
The following level of the hierarchical structure presents the characteristics of the subsystems that affect the values 

of the contributions of the respective subsystems of the DLS: 
the number of tasks assigned to the subsystem; 
the average value of the performance of the respective executive elements of the subsystems; 
the number of actuators from each of the subsystems. 
The ratio of indicators by importance in each of the levels of the hierarchical structure is determined by the method 

of pairwise comparisons based on the judgments of experts on the scale of relative importance. 
The results of calculating local priorities for the lower level of the hierarchy are the initial data for determining 

such an indicator as the importance of the contribution of the results of the operation of subsystems in the results 
(efficiency) of the operation of the DLS. 

Thus, the use of the method of hierarchy analysis to assess the importance of the contribution of each subsystem as 
a result of the functioning of the distance learning system is a meaningful part of the methodology for assessing the 
effectiveness of the distance learning system. 

The block "Determining the efficiency of the DL system" determines the mathematical expectation of the number 
of consumers whose needs for educational services were met by useM . 

Based on the results of the evaluation of the performance indicators of the DL system in the specified block, the 
value of the efficiency indicator is compared with its desired value spend

useedN , which ensures the performance of tasks by 
the distance learning system (1) 

 
spend

use useedNM ≥                                                                                 (1) 
 

Subject to meeting the requirements for the level of effectiveness of DLS in the next block is a summary of the 
evaluation results and practical recommendations for a set of measures. 

Research Methodology 

1. Formation of initial data on the tasks of the i-th subsystem DLS (𝑁𝑁𝑖𝑖), the average value of productivity of tasks 
i-th subsystem (𝜇𝜇𝑖𝑖), the number of executive elements of the subsystem, taking into account the staffing of distance 
learning units and technical training facilities (𝑛𝑛𝑖𝑖): 
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1 1 1 1={n , ,N }R µ – regulatory and legal support; 

2 2 2 2={n , ,N }R µ – organizational support; 

3 3 3 3={n , ,N }R µ  – scientific and methodological support; 

4 4 4 4={n , ,N }R µ  – information and telecommunication support; 

5 5 5 5={n , ,N }R µ – mathematical and program support; 

6 6 6 6={n , ,N }R µ  – logistics support; 

7 7 7 7={n , ,N }R µ  – staffing support; 

8 8 8 8={n , ,N }R µ  – financial and economic support. 
 

2. Evaluation of the efficiency of the DLS subsystem is carried out according to the indicators of the efficiency of 
its subsystem - the probabilities of tasks subsystems of legal, organizational, scientific-methodical, information-
telecommunication, mathematical and software, logistical, personnel, financial and economic support of the DL system 
as functions of the degree of implementation of a set of appropriate measures 

 
( )( ) і n і n

і n і
і і

М t tР t п
N N

µ
= = .                                                                    (2) 

 
3. Determining the importance of contributions to the subsystems of the DL system. 
The choice of parameters of DLS subsystems is based on the tasks of each of the subsystems (Table 1) [10]. 

Table 1. Parameters of DLS subsystems 

Indicator Name Marking 
P1 Number of executive elements of the subsystem in  

P2 The average value of the performance of tasks by the subsystem iµ  

P3 The number of tasks performed by the subsystem iN  

 
Determining the relative importance of the components of the DL system.  Experts use a scale from 1 to 9 (Table 

2): 

Table 2. Scale of relative importance 

Quantitative assessment 
of the intensity of 

relative importance 

Qualitative assessment of the 
intensity of relative importance Explanation 

1 Equal importance Equal contribution of two parameters 

3 Moderate advantage of one over 
the other 

Experience and judgment give a slight 
advantage of one parameter over another 

5 Significant or strong advantage Experience and judgment give a strong 
advantage of one parameter over another 

7 A significant advantage 
One parameter has such a strong 
advantage that it becomes almost 

significant 

2,4,6,8 Intermediate decision between two 
adjacent judgments Used in a compromise case 

 
Formation of a matrix of pairwise comparisons Table 3, where expert estimates are placed in the form of ratios of 

weights of the i-th and j-th element ( )/і jω ω , which are determined by assessing the importance of the i-th element in 
comparison with the j-th in relation to the defined element of the previous equal. 
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Table 3. Matrix of pairwise comparisons of priorities of parameters of DLS subsystems 

Indicator P1 P2 P3 Geometric 
mean Weights Consistency 

index 

P1 1 1

2

ω
ω

 1

3

ω
ω

 1a  1X  1 1r X  

P2 2

1

ω
ω

 1 2

3

ω
ω

 2a  2X  2 2r X  

P3 3

1

ω
ω

 3

2

ω
ω

 1 3a  3X  3 3r X  

 i
i

a∑  1 maxλ  

Sum 1r  2r  3r    

 
4. Calculate the eigenvector of the evaluation matrix to determine the significance of each element. To do this, the 

components of the rows are multiplied and then the root of the M-th degree is extracted 
 

1 2( / )( / ) ( / )i i i i Ma M ω ω ω ω ω ω=                                                            (3) 
 
5. Normalization of geometric means is carried out (the estimation of a vector of priorities is received) 

 

i
i

, 1, ; 1i
i

i
i

a
B i M B

a
= = =∑
∑

                                                                  (4) 

 
6. Consistency of matrices of pairwise comparisons is characterized by the consistency index.  To do this, 

determine the sum of the elements of each column of the matrix of pairwise comparisons , 1,jr j M= , calculate the 
value of maxλ  by the formula 

 
max 1 1 2 2+ + + M Mr X r X r Xλ =                                                                 (5) 

 
7. The consistency index is determined as follows: 

 
max , 1

1
MCI MM

λ −
= >

−
                                                                       (6) 

 
For an inversely symmetric matrix always .max M≥λ  
8. In Table 4. shows the average consistencies for random matrices of different order. 

Table 4. Average consistencies for random matrices 

The size of 
the matrix 1 2 3 4 5 6 7 8 9 10 

Average 
random 

consistency 
0 0 0,58 0,90 1,12 1,24 1,32 1,41 1,45 1,49 

 
The coefficient of consistency (CR) is determined by the ratio of CI to the number that corresponds to the random 

consistency of the matrix of the same order. The CR value should not exceed 10%. When the CD exceeds these limits, 
it is necessary to investigate the correctness of the problem and check the opinions of experts. 

In the future, based on the data entered in the research work: 
"Discussion of recommendations for improving distance learning systems of the Armed Forces of Ukraine" 

National 
Ivan Chernyakhovsky University of Defense of Ukraine, for 2019. Let's make a sample and calculate 
eigenvector for each pairwise matrix of pairwise comparisons, which are defined similarly. 
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Table 5. Matrix of pairwise comparisons of tasks priorities of DLS subsystems 

Subsystem RLS OS SMS ITS MPS LS SS FES 

RLS 1 1

2

N
N

 1

3

N
N

 1

4

N
N

 1

5

N
N

 1

6

N
N

 1

7

N
N

 1

8

N
N

 

OS 2

1

N
N

 1 2

3

N
N

 2

4

N
N

 2

5

N
N

 2

6

N
N

 2

7

N
N

 2

8

N
N

 

SMS 3

1

N
N

 3

2

N
N

 1 3

4

N
N

 3

5

N
N

 3

6

N
N

 3

7

N
N

 3

8

N
N

 

ITS 4

1

N
N

 4

2

N
N

 4

3

N
N

 1 4

5

N
N

 4

6

N
N

 4

7

N
N

 4

8

N
N

 

MPS 5

1

N
N

 5

2

N
N

 5

3

N
N

 5

4

N
N

 1 5

6

N
N

 5

7

N
N

 5

8

N
N

 

LS 6

1

N
N

 6

2

N
N

 6

3

N
N

 6

4

N
N

 6

5

N
N

 1 6

7

N
N

 6

8

N
N

 

SS 7

1

N
N

 7

2

N
N

 7

3

N
N

 7

4

N
N

 7

5

N
N

 7

6

N
N

 1 7

8

N
N

 

FES 8

1

N
N

 8

2

N
N

 8

3

N
N

 8

4

N
N

 8

5

N
N

 8

6

N
N

 8

7

N
N

 1 

 

Similarly, matrices of pairwise comparisons of productivity priorities iµ   and executive elements in  are formed. 
The integral indicator of importance of contributions of subsystems of system DL is defined. 

 

1 1 1 1 2 2 2 8 8 8

2 1 1 1 2 2 2 8 8 8

8 1 1 1 2 2 2 8 8 8

( ) ( ) ... ( )

( ) ( ) ... ( )
................................................................................

( ) ( ) ... ( )

B X X N X X N X X N

B X X X X X X

B X X n X X n X X n

µ µ µ

 = ⋅ + ⋅ + + ⋅


= ⋅ + ⋅ + + ⋅


 = ⋅ + ⋅ + + ⋅

                                             (7) 

Table 6. Matrix of importance of contributions of DLS subsystems 

Subsystem 𝑩𝑩𝒊𝒊 
RLS В1 
OS В2 

SMS В3 
ITS В4 
MPS В5 
LS В6 
SS В7 

FES В8 
 

4. Determination of the efficiency of the DL system is carried out as a weighted average of the probability of the 
task of the DL ( )і nР t  system, taking into account the importance of the results of the subsystems of regulatory, 
organizational, scientific, methodological, information and telecommunications, mathematical and software, logistics, 
personnel, financial and economic support, as well as the negative impact of significant factors on the realization of the 
potential of the system 

 
1( ) (1 ) ( )spend s

used i i in nuseed it n tM K B P== −∑ .                                                             (8) 
 

5. Comparison of the value of the efficiency indicator with its desired value, which ensures the performance of 
tasks by the distance learning system 
 

spend
use useedNM ≥                                                                                (9) 
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4.  Result and Discussion 

Evaluation of the effectiveness of the distance learning system of the university was carried out for the typical 
structure of the distance learning system deployed on the Moodle platform and possible options for its use in order to 
meet consumer needs in educational services, the state of development of methods and ways of providing educational 
services. 

The results of determining the importance of the contributions of the subsystems of the distance learning system 
showed (Figure  3) that the greatest contribution is made by the subsystems of organizational, scientific and 
methodological, information and telecommunication support. 
 

 
Fig.3. The results of determining the importance of the contribution of the subsystems of the distance learning system of the university deployed on 
the Moodle platform 

The contributions to the result of the DLS operation of the ZSU of these subsystems are the most significant. The 
physical content of the values of indicators is the degree of their impact on achieving the main goal of the distance 
learning system to meet the needs of consumers in educational services[16,17,21],. 

At the same time, the results of research calculations showed that the degree of compliance of universities with the 
requirements for organizational, personnel, scientific and methodological, logistical, software and information support 
of higher education institutions, postgraduate education institutions, scientific, educational and scientific institutions 
[13,15,19,26] reproduce significant impact on each of the contributions of subsystems Мі(tn). The general picture of the 
possibility of higher education institutions to provide educational services using distance learning technologies. 

This approach to the analysis will make it possible to determine the priority of measures to eliminate 
inconsistencies and improve the relevant types of educational activities using distance learning technologies. 

As can be seen from Figure 3, Figure 4 and Figure 5, taking into account the contribution to the result of DLS 𝐵𝐵𝑖𝑖 
operation, the subsystems of providing scientific-methodical, organizational, information-telecommunication as the 
most important contributors with low and medium degree of conformity deserve special attention. 
 

 
Fig.4. The results of the evaluation of the capabilities of DLS subsystems 
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Fig.5. The results of the comparative assessment of the contributions of DLS subsystems 

Priority of the second level is given to the subsystems of ensuring the rest of the group of low level of compliance. 
At the same time, it is advisable to take into account the contributions of subsystems from the first group. Their 

improvement, in some cases, may provide an opportunity to complete the formation of procedures to ensure the 
functioning of the distance learning system. 

This judgment is confirmed by the results of using the method of evaluating the effectiveness of the system.  
According to the existing variant, they showed the ability to sustainably perform the tasks of the subsystem with the 
level of reliability Рi(tn)≥0,75 [12,14,23,25-28], namely: regulatory, legal, organizational, financial and economic 
support. 

Taking into account the contributions of the relevant subsystems to the results of the DLS operation showed that, 
despite the average degree of compliance, the subsystem of scientific and methodological support makes the largest 
contribution.  At the same time, this result of evaluating the effectiveness of the distance learning system showed that 
the needs of system users in educational services can be met within not less than 0.55. 

This state of affairs does not meet the requirements of the criterion for assessing the effectiveness of the distance 
learning system of higher education, and given the growing trends in consumer needs for educational services requires 
finding ways to improve the quality of relevant processes. 

The purpose of the study is to improve the methodology for assessing the effectiveness of the distance learning 
system in order to use it to predict the effectiveness of the distance learning system, taking into account the importance 
of the contributions of its subsystems. 

The presented results of calculations show the value of the importance of contributions of subsystems of the 
distance learning system deployed on the Moodle platform (Fig. 3), the value of stochastic performance indicators of 
each subsystem separately (Fig. 4), the results of assessing their contributions to the functioning of the distance learning 
system. evaluation. 

The objectives of the study are achieved through the analysis of the values obtained with the help of advanced 
methods. In fig. 5, in essence, presents a deterministic model of the process of providing educational services using a 
system of distance learning, taking into account the peculiarities of its construction. 

The value of each contribution is an indicator of the success of the operation, and the reliability of the original data 
and the quality of expert judgments ensure the objectivity of assessing the effectiveness of the system. 

5.  Conclusions 

An improved methodology for evaluating the effectiveness of the distance learning system is presented, which is 
based on ensuring the reliability of evaluating the results of its operation and the objectivity of comparing the options 
for its construction in order to select the appropriate learning option. 

This methodology, in contrast to existing ones, provides a reliable forecast of the efficiency of the distance 
learning system according to the options for its construction, taking into account the degree of importance and 
contributions of its subsystems. The proposed methodology is a perfect tool for the study of distance learning systems. 
It allows you to choose effective learning options. The methodology contains a stochastic model of contributions of 
subsystems of the distance learning system obtained on the basis of expert evaluation methods. 

Analysis of the results of statistical data obtained from the results of observations and the results predicted using 
the proposed method, indicate an increase in the reliability of the estimate by 15-18%. 

The standard deviation of the efficiency indicators was reduced by 26%. 
Due to the obtained results, the reliability of the obtained data will be about 82-85%, which is high enough to make 

informed decisions. 
The developed motology indicates the possibility of eliminating restrictions in the field of distance learning and 

forms a new opportunity to cover a wider range of factors that affect the quality of distance learning. 
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Reliability and accuracy of performance evaluation results is determined by the use of proven, adequate to the real 
process of scientific and methodological evaluation apparatus, involvement of experts in the field with practical 
experience in the use of distance learning technologies in a specialized expert environment. Its complexity and 
versatility are offset by careful preparation for its implementation, taking into account the characteristics of the DN 
system based on its deep decomposition and clearly defined rules for evaluating the relevant performance indicators of 
its subsystems. 

References 

[1] National strategy for the development of education in Ukraine for the period up to 2021: approved. Decree of the President of 
Ukraine of June 25, 2013 № 344/2013. Official Gazette of the President of Ukraine. 2013. 05 July. № 17.  P. 31. 

[2] 2019 Total Learning Architecture Report. Gordon, Jerry; Hayden, Trey; Johnson, Andy; Smith, Brent.- 2020 
https://adlnet.gov/resources/publications.2020.04.2019-Total-Learning-Architecture-Report 

[3] A. V. Sanchez, M. P. Ruiz, “Evaluacion de competencias genéricas: principios, oportunidades y limitaciones”, Bordon. Revista 
de Pedagogia, № 63(1), pp. 147-170, 2011. (in English). 

[4] Sae Schatz, Ph.D., USA, Advanced Distributed Learning (ADL) Initiative, Under the Deputy Assistant Secretary of Defense 
for Force Education and Training. New York, USA: Guilford Press, 2018. 

[5] M. Moore, and G. Kearsley, Distance education: A systems view of online learning. USA: Cengage Learning, 2017. 
[6] V. Ruhe, and B.D. Zumbo, Evaluation in distance education and e-learning: The unfolding model. New York, USA: Guilford 

Press, 2018. 
[7] M. Moore, (Ed.). Handbook of distance education. Edition 3, Routledge, 2013. 
[8] K. Passerini, and M. J. Granger, “A developmental model for distance learning using the Internet”, Computers & Education, pp. 

1-15, 2018. 
[9] Milov O., Yevseiev S. Milevskyi S. Ivanchenko Y., Nesterov O., Puchkov O., Yarovyi A., Salii A., , Tiurin V., Timochko O.,  

“Development the model of the antagonistic agent’s behavior under a cyber-conflict” Eastern European Journal of Advanced 
Technologies. Kharkiv.2019. 4/9 (100). Pp. 6–19 

[10] Lubov Berkman, Oleg Barabash, Olga Tkachenko , Andri Musienko, Oleksand Laptiev, Ivanna Salanda6 The Intelligent 
Control System for infocommunication networks. International Journal of Emerging Trends in Engineering Research (IJETER) 
Volume 8. No. 5, May 2020. Scopus Indexed -  ISSN 2347 – 3983. Р1920  –  1925. 

[11] Olexandr Laptiev, German Shuklin, Spartak Hohonianc, Amina Zidan, Ivanna Salanda Dynamic model of Ceber Defence 
Diagnostics of information Systems with the Use of Fozzy Technologies IEEE ATIT 2019 Conference Proceedings Kyiv, 
Ukraine, December 18-20, P.116-120. 

[12] Vitalii Savchenko, Oleh Ilin, Nikolay Hnidenko, Olga Tkachenko, Oleksander Laptiev, Svitlana Lehominova, Detection of 
Slow DDoS Attacks based on User’s Behavior Forecasting. International Journal of Emerging Trends in Engineering Research 
(IJETER) Volume 8. No. 5, May 2020. Scopus Indexed -  ISSN 2347 – 3983. Р2019  –  2025. 

[13] V.Mukhin, Y. Romanenkov, J. Bilokin, A. Rohovyi, A. Kharazii, V. Kosenko, N. Kosenko, J. Su. “The method of variant 
synthesis of information and communication network structures on the basis of the graph and set-theoretical models”. 
International Journal of Intelligent Systems and Applications (IJISA), 9(11), 42–51, 2017. 

[14] Mashkov O.A., Sobchuk V.V., Barabash O.V., Dakhno N.B., Shevchenko H.V., Maisak T.V. Improvement of variational-
gradient method in dynamical systems of automated control for integro-differential models. Mathematical Modeling and 
Computing, 2019, Vol. 6, No. 2, pp. 344 – 357. 

[15] Barabash O., Dakhno N., Shevchenko H., Sobchuk V. Integro-Differential Models of Decision Support Systems for 
Controlling Unmanned Aerial Vehicles on the Basis of Modified Gradient Method. IEEE 5th International Conference on 
Methods and Systems of Navigation and Motion Control (MSNMC). 16-18 October, National Aviation University, 2018. Kyiv, 
Ukraine. pp. 94 – 97.  

[16] Ihor Ruban, Nataliia Bolohova, Vitalii Martovytskyi, Nataliia Lukova-Chuiko , Valentyn Lebediev. Method of sustainable 
detection of augmented reality markers by changing deconvolution. International Journal of Advanced Trends in Computer 
Science and Engineering (IJATCSE).Volume 9, No.2, March-April 2020, pp.1113-1120. 

[17] Barabash Oleg, Laptiev Oleksand, Tkachev Volodymyr, Maystrov Oleksii, Krasikov Oleksandr, Polovinkin Igor. The Indirect 
method of obtaining Estimates of the Parameters of Radio Signals of covert means of obtaining Information. International 
Journal of Innovative Technology and Exploring Engineering (IJITEE), Volume 8. No. 8, August 2020. Indexed- ISSN: 2278 – 
3075. Р4133 – 4139 

[18] Hryshchuk R.  Korobiichuk I.,  Horoshko V.,. Khokhlacheva Y. Microprocessor Means for Technical Diagnostics of Complex 
Systems. Computer Modeling and Intelligent Systems – 2019. – Vol. 2353. p. 1020–1029. 

[19] Hryshchuk R. Yevseiev, S. Shmatko A. Construction methodology of information security system of banking information in 
automated banking systems. Vienna.: Premier Publishing s. r. o., 2018. – 284 p. 

[20] Musienko A.P., Serdyuk A.S. Lebesgue-type inequalities for the de la Valée-Poussin sums on sets of analytic functions . 
Ukrainian Mathematical Journal September 2013, Volume 65, Issue 4, рр. 575 – 592.  

[21] Musienko A.P., Serdyuk A.S.   Lebesgue-type inequalities for the de la Vallée poussin sums on sets of entire functions . 
Ukrainian Mathematical Journal October 2013, Volume 65, Issue 5, рр. 709 – 722.  

[22] Barabash Oleg, Laptiev Oleksand, Tkachev Volodymyr, Maystrov Oleksii, Krasikov Oleksandr, Polovinkin Igor. The Indirect 
method of obtaining Estimates of the Parameters of Radio Signals of covert means of obtaining Information. International 
Journal of Innovative Technology and Exploring Engineering (IJITEE), Volume 8. No. 8, August 2020. Indexed- ISSN: 2278 – 
3075. Р4133 – 4139  

[23] V. Savchenko, O. Vorobiov, O. Tkalenko, O.Polonevych, G. Shuklin, M. Trembovetskyi, V. Zaika,and M. Konopliannykova. 
Influense of compositmaterials nonlinear properties with radioisotopeinclutions on reflected radiations. International Journal of 

https://adlnet.gov/resources/publications/2020/04/2019-Total-Learning-Architecture-Report/


Comprehensive Methods of Evaluation of Efficiency of Distance Learning System Functioning 

Volume 13 (2021), Issue 1                                                                                                                                                                       27 

Advanced Trends in Computer Science and Engineering. No.6, pp. 2716-2720,  
[24] H. Khudov, R. Khudov, I. Khizhnyak, V. Loza, T. Kravets, S. Kibitkin Estimation of the Kullback-Leibler Divergence for 

Canny Edge Detector of Optoelectronic Images Segmentation, International Journal of Emerging Trends in Engineering 
Research, Vol. 8. № 7, 2020, pp. 3927–3934.  

[25] Eastteffanni I. Araujo, Hasan Kazemian, “Increasing the Capacity, Detectability, and Distortion of BMP, GIF and JPEG 
Images with Distributed Steganography,” International Journal of Computer Networks and Information Security, Vol. 11, No. 
11, pp. 21-27, 2019.  

[26] Ridwan Rismanto, Arie Rahmad Sülistio, Bebbie Pramudya Chitra Agusta, Subject-Based Supervisor Recommendations 
System, International Journal of Contemporary Education and Informatics, Vol. 12, No. 1, pp. 26-34, 2020. 

[27] Amanpreet Kaur, Bikrampal Kaur, Parminder Singh, Mandip Singh Devgan, Harpreet Kaur Toor, “Optimizing Load Balancing 
Based on a Deep Learning Approach in the Cloud,” International Journal of Information Technology and Computer Science, 
Volume 12, No. 3, pp. 8-18, 2020. 

[28] Nurafifah Mohammad Suhaimi, Shuzlina Abdul-Rahman, Sofianita Mutalib, Nurzeatul Hamima Abdul Hamid, Arif Md Ab 
Malik, “A Review of Predicting Students Graduation Times Using Machine Learning Algorithms”, International Journal of 
Contemporary Education and Computer Science, Vol. 11, No7, p. 1-13, 2019. 

 
 
 
Authors’ Profiles 
 

Oleg Barabash:  
Chair of high mathematics department of State University of Telecommunications, Ukraine, Kiev, Doct. of 

Sc.  
Born on July 28, 1964. M. Sc. (1986), PhD (1992), Doct. of Sc. (2006) from the National Academy of 

Defence of Ukraine; Assoc. Prof. (1996), Professor (2007) of computer systems department.  
Major interest: the functional stability of information systems and diagnostic systems for digital objects; 

security of distributed computer systems; design of the information security systems 
 
 

Andrii Musienko:  
Doctor of Technical Sciences, Associate Professor. Department of Mathematics 
State University of Telecommunications 
Kyiv, Ukraine.  
Number of articles in national databases – 48 
Number of articles in international databases – 27. H-index – 4 

 
 

 
 

Oleksandr Laptiev: 
Doctor of Technical Sciences, Senior Researcher. Department of Information and Cybersecurity Systems 
State University of Telecommunications 
Kyiv, Ukraine.  
Has an extensive practical experience in finding the means illegal obtaning of informations and transmitters. 

Areas of interest: information security, hidden transmitter search, radio intelligence 
The number of articles in national databases – 32 
The number of articles in international databases – 15 

 
 

Hohoniants Spartakn: 
Сandidate a degree  Military Sciences Sciences, Senior Researcher 
National Defence University of Ukraine named after Ivan Cherniakhovskyi 
Kyiv, Ukraine 
Number of articles in national  
databases – 65 
Number of articles in international databases – 38. 
 

 
 
 
 
 
 
 



Comprehensive Methods of Evaluation of Efficiency of Distance Learning System Functioning 

28                                                                                                                                                                       Volume 13 (2021), Issue 1 

Salash Oleh: 
Postgraduate Military Student 
National Defence University of Ukraine named after Ivan Cherniakhovskyi 
Kyiv, Ukraine 
Number of articles in national databases – 2 
Number of articles in international 
 

 
 

Rudenko Yevhen:  
Postgraduate Military Student 
National Defence University of Ukraine named after Ivan Cherniakhovskyi 
Kyiv, Ukraine 
Number of articles in national databases – 2 
Number of articles in international databases – 1. 

 
 
 

Klochko Alla: 
Candidate a degree Pedagogy Sciences, Associate Professor 
National Defence University of Ukraine named after Ivan Cherniakhovskyi 
Kyiv, Ukraine 
Number of articles in national databases – 35 
Number of articles in national databases – 12 H-index – 1 

 
 
 
 
How to cite this paper: Oleg Barabash, Andrii Musienko, Spartak Hohoniants, Oleksandr Laptiev, Oleg Salash, Yevgen Rudenko, 
Alla Klochko, "Comprehensive Methods of Evaluation of Efficiency of Distance Learning System Functioning", International 
Journal of Computer Network and Information Security(IJCNIS), Vol.13, No.1, pp.16-28, 2021. DOI: 10.5815/ijcnis.2021.01.02 
 


