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Introduction

The introduction of computers has completely changed the educational process in
schools, universities, as well as the processes of training and retraining of employees
of firms and corporations [1-5].Learning becomes continuous (both throughout life
and throughout the day)[6-8]. People spend hours on a computer or mobile device
daily[1,7,9].You can study, take tests and exams, being thousands of kilometers from
the university campus[1,10].Even the defense of the thesis can be carried out remotely.
For these purposes[11-15]:
• Expensive equipment is purchased.
• Powerful databases and repositories are created.
• Organized are:
 Technical support groups.
 Scientific laboratories of distance learning, virtual and augmented reality.
 Projects of remote access to unique technical equipment to study complex
objects and conduct technical experiments and medical operations.
Thus, recent years can be associated with a revolutionary change in technical,
software and information support, with a jump in technology, including artificial intelligence and an increase in capital investment in education[16-20].

2

2

Problem Statement

Despite the sound statements made by many universities about the victory of the concept of “paperless education”, the return on investments does not correspond to the
expenditures of financial, technical and human resources[1,21-26].
The expected massive “world” leap in improving the quality of students' knowledge
did not happen[27]. Moreover, there is a tendency towards a decrease in the quality of
fundamental and natural science training (physics, mathematics, chemistry, biology,
etc.)[28].
Students unlearn how to think and solve complex problems (if you have a smartphone
with a calculator or a computer with a modeling program at hand).
The ability to explain the result, to analyze cause-effect relationships is reduced[15,22,28].
In the field of humanitarian training, the thoughtless unsystematic mass use of computer training leads, for example, to “coaching for tests” the journalist who is afraid
and cannot work “live”, etc.[1,15].
Twenty years ago, the author of this article was the head of the project for the introduction of information technology for the management of the educational process at
the Theological Academy (Sergiev Posad) and defended the concept of “maximum
computerization of the educational process”. At the same time, the administration has
proposed the concept of “intelligent automation”, figuratively explaining this by saying that a “robot priest” is unlikely to be useful in the field of serving God and People.
(Of course, this is a unique but instructive story).
Often unsystematic informatization without focusing on a person gives only harm.
We even discuss a problem like “when the computer kills us”[29]! At the same time,
many researchers are concerned about the harmfulness of the Internet and social networks associated with the described problem. A number of scientists even set the task
of ensuring cyber-security of e-learning and the health of students[24,29,3234].Modern people cannot and do not want to work with complex software environments and training materials that are not adaptable to their needs and features[2,3,19,27].
Thus, the task of this work is defined as follows: to identify the reasons for the low
efficiency of e-learning and to develop a method that provides flexible adaptation of
electronic educational environments to the psychophysiological and motivational
characteristics of people working with the system, based on advanced achievements
in engineering psychology, ergonomics, and the theory of adaptive systems.
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Research of the Problem and Development of Methodological
Basis for its Solution

3.1

Reasons for the low efficiency of e-learning. Students survey results

Very often, students drop out of school because “they don’t get what they expect
from the system.”We organized a special survey of students (Ukraine, Poland, Bela-
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rus, Kazakhstan and Germany - 389 students in total) about their assessment of the
reasons for the low efficiency of e-learning systems (Table 1).
Table 1. Reasons for undersatisfaction of students by electronic training technologies (average
percentage of students reporting this reason as the main one)
The complexity and imperfection of the learning environment

Undergraduate

Master’s

The difficulty of establishing a dialogue with the teacher to
solve problematic issues

27.3

23.0

Inability to flexibly change the structure of the dialogue

25.1

20.0

19.5

17.4

8.8

17.2

7.9

11.9

Lack of uniform standards for learning management

6.2

3.3

Errors, poor formatting, color gamut, etc.

3.1

3.0

Low flexibility to enable self-monitoring of the learning
process and error explanations
Etc.

1.1

3.3

1.0

0.9

Problems with modality, inconsistency of the presentation
of information to the style convenient for the student
The inability to flexibly change the complexity of the
material (depending on motivation and level of
preparedness)
Lack of ability to evaluate quickly possible learning
outcomes (to predict the time spent and assessment)

These results allowed us to find “painful” problematic issues that scientists and practitioners need to work on.
3.2

Development of a methodology for an ergonomic approach to the design
of an information learning environment

Disappointing assessments of existing e-learning technologies are forcing scientists and developers to turn to the ergonomic methodology of complex systems “mantechnology-environment”[35-40].
Today, there is an opinion that the operator is a person who controls the technological process or watches the target on the radar screen, etc. Moreover, engineering
psychology and ergonomics are mainly engaged in ensuring their comfort. At the
same time, it is subjected to no less influence of negative factors, including stress than
the operator managing the blast furnace or the call center operator. Only the nature of
these negative influences is completely different. In this regard, when developing elearning systems, it is necessary not to mechanically accumulate training electronic
materials, but to design individual interactive training procedures that can flexibly
adapt to a particular operator and environmental conditions.
In science, there are the following concepts for taking into account the characteristics of man and technology:
o Technical approach (today prevails in electronic education).
o Equal-element approach.
o Humanitarian approach (a person is at the forefront, technical features are not taken into account).
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o human-system approach (man is the main element, but working in a specific system and environment, the features of which should be taken into account.
Obviously, it is necessary to reorient in the models of creating e-learning, switching from a technical approach to a human-system approach.
Using the principles of ergonomics and a human-system approach can dramatically change the situation with the attractiveness and effectiveness of e-learning. However, this is due to a lot of scientific, technical and organizational work.
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Organization of Works for the Creation of Adaptive HumanMachine Training Systems

4.1

Creation of prerequisites

Adaptive e-learning technology is possible only in the conditions of a developed electronic university management system [41] with:
• Developed database system and documentation of the learning process and outcomes.
• Unified electronic document management system
4.2

Technology for the development and certification of electronic training
modules

Preparation of training modules should not be entrusted only to the teacher. A
whole group is being created, including (except for leading teachers):
 Content specialists.
 Designers, videographers.
 Programmers.
 Testers.
 Ergonomists.
Module requirements:
For the same educational material, alternative modules are developed that focus
on different styles of information presentation, for example:
o Predominantly text.
o Predominantly graphics.
o Using audio and video.
o “From general to particular”.
The module should be assembled from individual elements (or submodules) as a
“designer” or “nesting doll”: this means the level of complexity of the material (which will be offered to the student in the future depending on motivation, preparedness and time reserve):
o Low.
o Medium.
o High.
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Each submodule is associated with several options for self-diagnosis or selfmonitoring (with varying degrees of accuracy), which are turned on or off,
depending on the available time resource.
Each submodule is assigned a dialogue procedure with an explanatory component, which is turned on or off, depending on the results of self-monitoring
and the time resource.
Each module is assigned its:
o Formal model describing its properties.
o Functional networks [35,36,38] to describe the structure of the dialogue.
o Mathematical models for predicting the time spent and the amount of
points gained as a result of the dialogue.
The developed modules for inclusion in the database of training materials must
undergo examination and certification procedures.
Special groups are created for this purpose:
 A group of experts.
 A working group (analysts, cognitologists, managers, and technical personnel).
Thus, evaluation criteria are created, some of which are given in the article [42]
and a bank of mathematical methods and interactive procedures for processing expert
estimates.
The idea of a certification system based on the principles of multicriteria assessment “on the scale of a thermometer with a slider” and fuzzy logic [42] is shown in
Fig. 1
Certified
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of Local

For revision

Ergonomic
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Fig.1. Certification of e-modules in the e-learning system. Functioning principle

Thus, only certified training modules that meet all the requirements relevant to the
system are allowed to operate.

6

4.3

Study of characteristics and maintaining models of trainees (operators)
For each system operator are determined:








H1- Psychophysiological characteristics.
H2- Learning Styles (desired).
H3- Level of motivation (for discipline).
H4- Preparedness for the study of discipline.
H5- Functional Status (current).
H6- Results (“history”, protocol) of all previous sessions of working with the
system (which module was studied, how much time was spent, what were
the results of self-monitoring and final control).
To determine the characteristics of H1 and H2, computer diagnostic tools are
stored in the database of the university management system. Such testing is
carried out once, and the results are entered into the database of user models
of the system and are used to adapt to each specific person..
H3 and H4 are determined before starting the study of discipline.
H5 is constantly monitored (after 10-30 minutes of operation in the system).

H6 is ongoing. The results are required to predict the reliability and timing of
the implementation of elementary learning operations both for a given student and for
others.
4.4

Information support for adaptive interactive learning processes

The system “man-equipment-environment”, which we analyze, for making optimal decisions should be described in all necessary “sections”. These include:
Modules.
Students.
Hardware and software.
Communication channels.
Resource constraints.
We describe the entire list of such necessary “sections” (there are more than 50)
and, accordingly, the databases that we have developed in [37,43,44].Such information is required to generate the initial data necessary for assessing the likely learning outcomes and time spent in each specific situation in order to offer optimal interactive learning technology.
4.5

Method for evaluating the effectiveness of learning and cognitive activities
and optimizing dialogue interaction

In order to conduct an assessment, the system builds a functional network
[35,36,38] that describes the dialogue interaction and, using the mathematical models
that we have developed for the probability of error-free execution of procedures and
time costs [36,38,45], makes a forecast of the results and proposes an adjustment of
the learning technology. Such adjustment is carried out according to the results of the
study of each submodule.

7

4.6

Program-manager to manage the learning process

To manage the adaptive dialogue process, a special program has been developed
that on-line solves a number of optimization problems for choosing the structure of
dialogue interaction (Fig. 2).

Fig.2. Manager for e-learning: functioning principle

The operator model is used for:
 Selection of a basic module (providing maximum cognitive comfort)
 Formation of initial data on the characteristics of performing elementary actions
(the approximation problem is solved using all the data on training sessions of all
users on which a special neural network was trained).
The initial data generated in this way are sent to the functional network, which
makes it possible to predict the result and adjust the learning technology.
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Approbation

We used this method in the framework of complex projects for the introduction of
computer control systems at 20 universities of Ukraine (Kharkiv, Kremenchug, Vinni-
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tsa, Sumy, Kryvyi Rih and other cities) and confirmed its effectiveness. Let us show
just one indicator (for Sumy Agrarian University, Ukraine) for example [41]:
 In 2018, the average grade point at the Faculty of Agriculture was 72.1, and after
the introduction of the system, it was 81.6 (on a 100-point scale).
The percentage of students refusing to use e-learning technology decreased from 25.8
percent to 7.0 percent.
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Conclusion

The effectiveness of existing e-learning projects does not match the efforts and resources expended. Students do not want to work with uncomfortable and nonadaptive learning systems. The revealed list of claims to modern e-learning systems
made it possible to justify the need for a transition to the human-system principle of
designing such technologies. The transition to adaptive learning becomes possible if
the system is described in the required sections and the corresponding databases are
created, as well as if the functional network is used as a dialogue model. The adaptation process is reduced to the sequential solution of a number of optimization problems and can be implemented in the environment of a specially developed agentmanager.
Using the proposed technology can significantly improve the quality of the educational process and the attractiveness of e-learning.
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