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Abstract: This study aims to develop a methodical approach to optimize the structure of teaching
techniques and approaches to distance education, as exemplified by Russian universities, to enhance
students’ professional competencies. A pedagogical experiment was conducted with the participation
of 746 second to fourth year students majoring in engineering at the Ural Federal University in Russia.
The coefficients for the relative importance of professional competencies were obtained through
expert assessment. The number of experts was 40 faculty members with teaching experience of more
than five years. The pedagogical experiment revealed the regularities of the influence of the forms of
distance learning on the formation of students’ professional competency levels. The values of students’
developmental competency levels have been determined. Non-linear regression models have been
developed based on the values of the integral level of professional competencies and the percentage of
distance-learning forms in the number of instructional hours. The proposed methodological approach
will be useful for university professors and teachers in identifying the most effective forms of distance
learning and in differentiating teaching methods not only in the context of the general pandemic but
also in the natural conditions of the educational process.

Keywords: distance learning; higher education; students; professional competencies; pandemic;
COVID-19

1. Introduction

The development of distance education has been recognized as one of the key areas of the
primary education programs in the world, including Education for All [1], Learning throughout
Life [2], and Education without Borders [3]. Distance learning, also called “distance education”,
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is a form of learning in which a teacher and a student interact at a distance, implemented using
telecommunication technologies [4,5]. Distance learning provides for the interactivity of the learning
process [6]. This method of learning is established by using technologies that allow student–teacher
interaction, although they occur in different physical environments and timelines. Undoubtedly,
the main driver of distance learning has become the development of computer technology, as well as
a breakthrough in communication technologies. In addition, this form of education is characterized by
a number of advantages over its traditional types: the relative cheapness and availability of education
for a large number of people [7].

It is not breaking news anymore that in some circumstances distance education outperforms
classroom-based education. In 2018, the results of a study [8] illustrated that 85% of students who
had been enrolled in both an online- and classroom-based course felt their online course experience
was either as good as or better than attending their course on campus. According to a past study [9],
distance learning provides flexibility in education, which manifests itself in intensification of the
educational process; improvement of information and resource provision of training; solving the
problem of distance between student and teacher. Distance learning is an integral part of tertiary study
in many countries of the world [10,11].

In Russia, also in the last decade, information educational technologies have received intensive,
but gradual, development, especially recently in the framework of the National Education Project [12].
However, it should be noted that the coronavirus pandemic forced Russian universities to urgently
and completely switch to distance learning [13]. Due to the spread of the COVID-19 pandemic and
the introduction of social distancing requirements, students were forced to officially go on vacation
from March 28 to April 5, and on April 6 they resumed classes, but at this time in the online mode [14].
The distance-learning mode has been extended until 11 May 2020 in Russian universities because of
the coronavirus spread [15]. However, current circumstances can be called urgent delivery of content
to listeners in conditions of self-isolation. The transition of the educational process to online mode took
place too suddenly, and the universities had to transfer the disciplines designed for full-time teaching
to e-learning with minimal adjustments. How effective and painless was this transition? According to
the monitoring of highly qualified scientific personnel for 2019 according to the official data of the
Institute for Statistical Studies and Economics of Knowledge at the Higher School of Economics (HSE,
Moscow, Russia) [16], in the last three years, a quarter (24.3%) of university employees holding a degree
have never carried out educational or scientific events remotely or by video link and did not participate
in them. On average, degree-holders teaching at universities rated their level of skills necessary for
distance work as 3.2 by a 5-point scale [16]. Most universities and faculty members themselves were not
ready for the transition to the online mode. Even the leading universities of the world were not ready
for such a situation in the most developed countries. Studies show that more than 50% of teachers in
the UK and many other countries were not able to organize a distance lesson on their own [17].

The lesson that is important to learn from the COVID-19 situation is similar to the one we observed
during previous pandemics—preparedness is a decisive factor. In Russia, as far back as December 2018,
the issue of introducing the term “Internet education” into the legislative framework was considered
along with the procedure for licensing it [18]. Today, about 40% of Russian universities are not able to
provide remote access to learning resources for students [19], and 70% of faculty members have no
idea how to organize this work [19].

It turned out that the Russian higher education system is not ready for quarantine, not only
because of the lack of a sufficient number of sites that can withstand the massive transition to distance
education, but mainly because of the lack of online learning models. In particular, a lot of problems
are associated with the teaching methodology, which significantly reduces the effectiveness of the
educational process and the level of formedness of students’ professional competencies. As shown by
the practice of distance learning during quarantine at Russian universities, only 5–10% of students
immediately absorb the course content, while the rest ask their teachers a lot of questions in the chat.
As a rule, students do not ask so many additional questions at in-person seminars and lectures [16].
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On the other hand, students complain that their teachers have significantly increased the workload
for independent study when switching to distance learning: they record and send lectures without
additional explanations of the most difficult aspects, and students have to look for answers on their
own, without access to the necessary literature [19].

In the absence of the ability to resolve these current problems at the soonest, the hard-won gains
in expanding access to education may stall or reverse, as universities close and alternative options,
such as quality distance learning, are not available to everyone. This can lead to the loss of human
capital and the reduction in economic opportunities in the country.

Today, scholars and analysts are developing various scenarios for the development of the
epidemic [20–24]. Some of them suggest that the spread of COVID-19 will occur in waves [21–24],
which means that the process of combating it must be cyclical. That is, current conditions dictate
the requirements of constant readiness of the higher education system in case of quarantine and
self-isolation to be able to provide high-quality continuing education to students of Russian universities
without wasting time and unnecessary resources through effective distance-teaching techniques.

Many scientists [25], within the framework of their research, have testified that, with the correct
organization and an effective approach, distance learning can be no less effective than traditional
teaching methods. The remote form allows for working with the best teachers, according to the most
perfect program, to achieve high results even without being on the territory of the educational institution.
Of course, in this matter, much depends on the student: on their ability to organize the process and
master the material. However, for distance learning, forms of control are provided that are similar to
full-time, it is possible to attend certain classes or sessions in person [26]. However, it should be noted
that the lack of personal contact between the teacher and the student often determines the insufficient
level of student performance [27]. Personal constant interaction and feedback from the teacher
significantly increases the actual control over the development of the material, gives an additional
opportunity to help the student, and allows for studying the topic of interest deeper. The totality of
teaching methods and techniques used in the educational process is an important integrated factor in
the effectiveness of the formation of students’ professional competencies in the process of distance
learning is. The aim of the study was to develop a methodological approach to optimizing the structure
of pedagogical methods and approaches of distance learning using the example of Russian universities
to increase the level of formation of students’ professional competencies. The research is based on
the hypothesis that the most effective from the standpoint of mastering professional competencies
are audio-visual forms of distance learning, which, unlike traditional forms such as text lectures
and computational tasks, minimize the lack of “live” contact between the teacher and the student
(hypothesis H1). Presumably, the highest efficiency of audiovisual forms of distance learning is
explained by the teacher’s ability to increase the interest of students and focus on important aspects of
the topic being studied. At the same time, the importance of using traditional forms is due to their
greater information content (text lectures) and practical orientation (creative, situational, computational
tasks)—the hypothesis H2. The maximum effectiveness of distance learning is achieved when all forms
of education are combined (hypothesis H3). Therefore, this article posed the following tasks of scientific
research: to reveal the features and nature of the influence of the main distance-education forms (video
lessons; audio lessons; text lecture; creative tasks with examples; computational tasks with examples,
as well as cases and situational tasks for the development of students’ professional competencies;
to determine the quantitative and qualitative levels of students’ professional competencies formation
and to justify the most effective structure of teaching techniques for distance learning, which provides
the enhancement of the integral level of students’ professional competencies).
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2. Materials and Methods

2.1. Research Base

The study was conducted at the Ural Federal University in Ekaterinburg, Russia. Its use as
a research base is due to the fact that this university has created conditions for the implementation of
the experiment. Even before the quarantine period and the prerequisite for the transition to distance
learning, the university had an electronic platform for organizing distance learning; online courses of
the university and partner universities, electronic textbooks, and teaching aids were used. The presence
of appropriate conditions simplified the implementation of the experiment and made it possible to
maximally demonstrate the influence of forms of distance learning on its effectiveness, avoiding the
influence of such factors as the inexperience of teachers in the field of organizing distance learning,
low-quality educational online content, lack of access to online courses, and students’ misunderstanding
of the mechanism of distance learning.

This study assumed an experiment in the course of distance learning aimed at identifying the
nature of the impact exerted by the distance-education forms on the effectiveness of the learning process.
The experiment was conducted from September to December 2019 and from February to April 2020 with
the participation of the full-time second–fourth year students of technical specialties (Power Engineering
and Electrical Engineering, Mechanics and Mathematical Modeling, Technological Machines and
Equipment), while studying the following disciplines: Theoretical Foundations of Electrical Engineering,
Electric Machines in the Electrical Power-Generation Industry, Protection and Automation of
Electrical Power Systems, Theoretical and Applied Mechanics, Stability Theory, Theoretical Mechanics,
and Metallurgical Machines and Equipment. The participation of the students of various undergraduate
courses and specialties in the experiment revealed the universal and distinctive features of the
effectiveness of distance learning at the university based on the management of the implementation
intensity of various distance-education forms.

The experiment was attended by 746 students with different levels of performance, who were
warned about participating in the experiment and gave their written consent to take part in it.
The number of participants indicates the representativeness of the research results. The experiment
did not imply the formation of students’ assessments regarding the effectiveness of distance education;
therefore, the objectivity of the results can be claimed. Ensuring the confidentiality of the research
results provided the observance of ethical standards during the experiment.

2.2. The Conditions of the Pedagogical Experiment

The experiment was aimed at enhancing the effectiveness of distance learning by optimizing the
ratio of presentation forms, such as video lessons (A), audio lessons (B), text lectures (C), creative tasks
with examples (D), computational tasks with examples (E), and cases with situational tasks (F).
Only those forms of training aimed at offering new knowledge or skills were examined, while those
aimed at assessing knowledge, such as tests, were not considered. In this study, distance learning
is understood to be of the asynchronous variety, which has become widespread due to common
teacher–student differences (the COVID-19 pandemic has acutely illustrated the need for increasing the
effectiveness of distance learning as many students are now living in different time zones). Differences in
the Internet connection speed can also significantly reduce the quality and accessibility of learning
material further discouraging the use of more synchronous distance-education methods. Therefore,
to exclude factors outside the educational sphere, the experiment only examined the effectiveness of
distance learning that is asynchronous.

The experiment was carried out in two stages:

1. It was conducted first from September to December 2019 and February to March 2020 (before
the introduction of the quarantine) and regarded training in the specialties of Mathematical
Modeling, Technological Machines, and Equipment, while studying the disciplines: Theoretical
Foundations of Electrical Engineering, Electric Machines in the Electrical Power-Generation
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Industry, Protection and Automation of Electrical Power Systems, Theoretical and Applied
Mechanics, Stability Theory, Theoretical Mechanics, and Metallurgical Machines and Equipment
when distance learning was introduced as a pilot project. At this stage, 20% of the total
number of students majoring in Power Engineering and Electrical Engineering, Mechanics and
Mathematical Modeling, and Technological Machines and Equipment took part in the experiment.
These students studied remotely, though their knowledge control was carried out in a classroom
environment. Students who did not participate in the experiment studied without changes in the
educational process and the discipline structure

2. The experiment then continued from March to April 2020 (during the quarantine period),
when distance learning was mandatory. During this stage, all students who studied the indicated
disciplines took part in the experiment

The change in the number of the participants in the experiment is due to the changes in the
objective teaching conditions associated with the COVID-19 pandemic when universities switched to
distance learning due to the quarantine. Therefore, all students of relevant specialties and disciplines
took part in the experiment. This allowed for the expansion of the research sample, thus increasing
the accuracy of the experiment results. Before the quarantine, the involvement of all students in the
experiment was impossible due to the need to make changes in the educational process. Within the
stages, the number of the students remained unchanged.

Statistically, the possibility of using different numbers during these stages is confirmed by the
t-criterion. The empirical values of the t-criterion proved the absence of statistically significant
differences in the obtained results of the experiment at the 1st and 2nd stages.

The selection of disciplines for the experiment was determined by their study durations—taking
two semesters for students of the same course to provide the time necessary to simulate various options
for combining distance learning approaches. The experiment schedule was formed based on a random
combination of the distance-education forms in compliance with the following principles:

1. The sum of the percentages (Σρ) used during a week of the distance-education forms (A–F),
expressed in fractions of the total number of hours allocated to the discipline for the week,
equals 1.0.

2. Provision is made for different combinations of the distance-education forms during a week
(A + B, A + C, A + D, A + E, A + F, B + C, B + D, B + E, B + F, C + D, C + E, C + F, D + E, D + F, E + F).

3. For each distance-education form, ρ = [0.1; 0.9] in increments of 0.1.

An example of the experiment schedule for the discipline Theoretical and Applied Mechanics (for
the third year students majoring in Mechanics and Mathematical Modeling) is given in Table 1.

The initial condition for the implementation of the pedagogical experiment at week 1 in this
discipline was the following distribution of the distance-education forms: ρ1A = 0.9, ρ1B = 0, ρ1C = 0.1,
ρ1D = 0, ρ1E = 0, ρ1F = 0, where ρA is a percentage of video lessons (expressed in shares) of
the total number of hours allocated to the discipline for the working week, ρB—a percentage of
audio lessons from the total number of hours allocated to the discipline for the working week,
ρC—a percentage of text lectures from the total number of hours allocated to discipline for the working
week, ρD—a percentage of creative tasks from the total number of hours assigned to the discipline for
the working week, ρE—a percentage of computational tasks from the total number of hours allocated
to the discipline for the working week, and ρF is a percentage of situational tasks from the total number
of hours allocated to the discipline for the working week.
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Table 1. Schedule for experimenting to improve the distance learning effectiveness at the university:
a case study of learning the discipline “Theoretical and Applied Mechanics”.

Indexing Number of the
Experiment Week

Percentage of the Distance-Education Forms (ρ)
Σρ

A B C D E F

1 0.9 - 0.1 - - - 1
2 0.8 - - 0.2 - - 1
3 0.7 0.3 - - - - 1
4 0.6 - - - 0.4 - 1
5 0.5 - - - - 0.5 1
6 0.4 0.6 - - - - 1
7 0.3 - 0.7 - - - 1
8 0.2 - - 0.8 - - 1
9 0.1 - - - 0.9 - 1

10 - - 0.3 0.7 - - 1
11 - - 0.4 0.6 - - 1
12 - - 0.5 0.5 - - 1
13 - - 0.6 - - 0.4 1
14 - 0.7 - 0.3 - - 1
15 - 0.2 0.8 - - - 1
16 - - 0.9 - 0.1 - 1
17 - 0.8 - - 0.2 - 1
18 - - - 0.9 - 0.1 1
19 - - - - 0.3 0.7 1
20 - 0.4 - - - 0.6 1
21 - 0.5 - - 0.5 - 1
22 - - - 0.4 0.6 - 1
23 - - - - 0.7 0.3 1
24 - - - - 0.8 0.2 1
25 - 0.9 - 0.1 - - 1
26 - 0.1 - - - 0.9 1
27 - - 0.2 - - 0.8 1

Note: A–F—forms of distance education; A—video lessons; B—audio lessons; C—text lectures; D—creative tasks
with examples; E—computational tasks with examples; F—cases and situational tasks; ρ—the percentage of the
distance-education form (A–F), expressed in fractions of the total number of hours allocated to the discipline for the
working week; Σρ—a sum of percentages used during a week of the distance-education forms (A–F).

At week 2, the value of the indicators (experiment parameters) was ρ2A = 0.8, ρ2B = 0, ρ2C = 0,
ρ2D = 0.2, ρ2E = 0, ρ2F = 0, etc. The sum of the specific weights used during the week of using distance
learning forms is 1 for each week. During the training period, the percentage combination of the
distance learning forms was not repeated.

In the initial version, all the hours allocated to the discipline study (classroom and extracurricular)
were distributed between video lessons (90%) and text lectures (10%). In the second week of the
experiment, working time was allocated to video lessons (80%) and creative tasks with examples (20%),
etc. At the same time, the number of weeks devoted to the disciplined study, the competence to master,
at which the discipline was aimed, the training program results corresponded to the work program.
The course topics, their sequence, and the number of the hours devoted to each course were also
in line with the work program. That is, the experiment was aimed at changing the structure of the
teaching forms (the values of the indicators ρA–ρF, their dynamics, and correlation), without changing
the content. To ensure the experiment purity, the subject teacher remained the same throughout
the working weeks and no unauthorized persons (stakeholders, consultants, other instructors) were
involved in teaching the subjects.

The experiment schedules in other disciplines are similar, but with a different ratio of ρA–ρF
indicators during a week (with a purpose to maximize tracking of the possible combinations of the
distance-education forms) and different dynamics of ρA–ρF indicators (ascending/descending) during
the experiment period (aimed to exclude the influence of the week of study and the topic of discipline on
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the effectiveness of the distance-education forms). The schedules of the experiment in other disciplines
are given in the section “Appendix A”.

2.3. Assessment of Students’ Competency Based on the Results of Distance Learning

The effectiveness of distance learning was assessed from the position of a competency-based
approach for such components of integral technical expertise as constructive–computational (Comp_1),
diagnostic–designing (Comp_2), communicative–managerial (Comp_3), and constructive–creative
competencies (Comp_4), which are key for students of technical specialties [28–30]. The current control
was aimed at assessing the level of competency formedness, by solving:

1. Written tests and computational tasks aimed at assessing the level of constructive–computational
competency (Comp_1), which characterizes the ability to analytical activity.

2. Diagnostic tasks aimed at assessing the level of diagnostic–designing competency (Comp_2),
which characterizes the ability to develop strategic concepts and business projects and assess the
quality and effectiveness of projects.

3. Situational tasks of a managerial nature, aimed at assessing the level of communicative–managerial
competency (Comp_3), which characterizes the ability to manage, coordinate, and control the
implementation of projects.

4. Creative tasks aimed at assessing the level of constructive–creative competency (Comp_4),
which characterizes the ability to scientific activity, development, and improvement of methods
and tools of professional activity.

All tasks had the same level of difficulty.
Each component of the integral competency was assessed by the teacher by the results of solving

the task on a 10-point scale, where:

• “0” points meant that the task was not solved, no definitions, formulas, ideas concerning this task
were given.

• “1–2” points—the task was not solved, but the basic concepts and formulas necessary for the
solution were given.

• “3–4” points—basic concepts and formulas necessary for the solution were given, the algorithm for
solving the problem was correctly defined, but there were significant errors in the computations,
which made it impossible to get the correct result.

• “5–6” points—insignificant errors were made when solving the task.
• “7–9” points—the task was solved correctly, but there were no corresponding argumentation,

justification, or conclusions.
• “10” points—the task was solved correctly; the decision and conclusions were reasoned

and justified.

Test tasks were evaluated in proportion to the number of correct answers and the complexity of
the tasks.

Within the framework of this study, the assessment of students’ competencies was carried out by
the teacher. With his consent, the results were submitted for statistical processing to the authors of the
article in anonymity. In similar studies, the assessment of students’ competencies can be carried out by
the researcher, if the teacher is competent in the relevant academic disciplines, especially created by
a competent independent expert group or a separate expert. In this case, a tool for collecting data can
be a questionnaire survey by means of students’ e-mails, personal accounts on online platforms for
distance learning, Google Forms, or other similar means of remote information exchange.

The assessments of the Comp_1–Comp_4 competency formedness obtained during this study
were transferred into levels to obtain a balanced, integrated assessment to align the possibility of
obtaining an average assessment. Student’s t-test was used to determine the levels, which made it
possible to delimit the scores of students’ competencies having statistically significant differences.
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These ranges of values formed the levels of 100% probability of classifying the i-th competency score as
low, medium, and high. The levels of intermediate values of competencies were determined in terms
of the trapezoidal membership function. The constructed competency levels take the form:

µ1 =


1, 0 ≤ Compi ≤ Compi(t1)

Compi(t2)−Compi
Compi(t2)−Compi(t1)

, Compi(t1) < Compi < Compi(t2)

0, Compi(t2) ≤ Compi ≤ 10

µ2 =



0, 0 ≤ Compi ≤ Compi(t1)
Compi−Compi(t1)

Compi(t2)−Compi(t1)
, Compi(t1) < Compi < Compi(t2)

1, Compi(t2) ≤ Compi ≤ Compi(t3)
Compi(t4)−Compi

Compi(t4)−Compi(t3)
, Compi(t3) < Compi < Compi(t4)

0, Compi(t4) ≤ Compi ≤ 10

µ3 =


0, 0 ≤ Compi ≤ Compi(t3)

Compi−Compi(t3)
Compi(t4)−Compi(t3)

, Compi(t3) < Compi < Compi(t4)

1, Compi(t4) ≤ Compi ≤ 10

(1)

where µ1 is the probability of classifying the i-th competency score as having a low level, µ2 as having
a medium level, and µ3 as having a high level. The number of levels (m) is determined based on
differences in the Compi values that are statistically significant by the t-criterion at p = 0.05. For all
i = 1, 4 m = 3;

Compi—a score of the i-th competence;
[0; Compi (t1)], [Compi (t2); Compi (t3)], [Compi (t4); 10]–low, medium, and high levels of

competencies, respectively, the differences between them are statistically significant by the t-criterion.
The upper limit for Compi at a high level corresponds to the maximum possible score on the

assignment for assessing the i-th competence. For all competencies, this is 10 points.
The use of fuzzy membership functions made it possible to identify intervals of values that

correspond to a certain level (µ = 1) with 100% probability, as well as uncertainty ranges for which the
probability µ = [0; 1). The development of students’ competencies is not described by a step function;
therefore, there are no exact boundaries of indicators that delineate levels of competencies. The use of
fuzzy sets, in this case, allows for a more adequate assessment of the level of students’ competencies
formed during distance learning.

The relative importance of the Comp_1–Comp_4 competencies in the formation of their integral
level was assessed using the expert method. The expert group was formed by teachers of the
disciplines involved in the experiment, as well as other teachers of technical disciplines who
provide training for students in the specialties “Power Engineering and Electrical Engineering”,
“Mechanics and Mathematical Modeling”, and “Technological Machines and Equipment” at the Ural
Federal University. The total number of experts was 40 people. The teaching experience of more than
5 years, professional compliance, and the consistency of expert opinions (coefficient of concordance
was 0.81) ensured the objectivity and adequacy of the assessment results.

Experts were offered to assess the importance of forming Comp_1–Comp_4 competencies
by a point-based assessment on a 5-point scale in the professional development of students
majoring in Power Engineering and Electrical Engineering, Mechanics and Mathematical Modeling,
and Technological Machines and Equipment.

A rating of “0” points corresponded to competency insignificance, “5” points determined the
highest importance of competency in the students’ professional development.
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The integrated assessment of the formed competencies was calculated by the formula:

Int =
n∑

i=1

bi
n∑

i=1
bi

× qi (2)

where Int is an integrated assessment of the formed competency level, Int = [0; 1];
bi—scoring of the i-th competency importance (average scoring by the expert group);
Σbi—the sum of the average scores of importance for all competencies;
bi/Σbi—the coefficient of the relative importance of the i-th competency in the formation of

professional competencies of students majoring in technical specialties;
qi—a conditional assessment corresponding to the level of the i-th competency. With a low level

of the i-th competency, qi = 0, with a medium level—qi = 0.5, with a high one—qi = 1. In contrast
to [31], qi acquires the lowest possible value of 0 at a low level and a maximum possible value of 1.0 at
a high level. This is associated with the fact that at a low level of all competencies (Compi→ 0, i = 1, 4);
the integral professional competency also acquires the value of 0, with a high level of all competencies
(Compi→ 10, i = 1, 4); integral professional competency is assessed at the maximum score, which is
impossible when assessing by analogy with the indicated references. The intermediate value qi = 0.5
for the medium level is taken as the arithmetic average of the indicator corresponding to low and
high levels.

The levels of the integral indicator were determined by analogy with the levels of competencies
(Formula (1)), based on the values of the t-criterion at p = 0.05.

2.4. Simulation of the Effectiveness of Distance Learning

To build models in assessing the impact of the distance learning structure (percentage of the
distance learning forms ρA–ρF) on the students’ competency level, the nonlinear assessment method
was applied in the Statistica 12.0 software program. An integrated assessment of the competency level
(Int) was used as a dependent variable of the model, and ρA–ρF indicators were used as an independent
variable. The search for the optimal combination of the ρA–ρF parameters was carried out according
to the criterion Int→ max, with ρA + ρB + ρC + ρD + ρE + ρF = 1. The data sample for constructing
models made n = 3247 observations.

3. Results

The values of the level of formed competencies in students who took part in
the experiment vary in the range [2; 10]—for constructive–computational competency;
[1; 10]—for diagnostic–designing competency; [1; 10]—for communicative–managerial competency;
and [1; 10]—for constructive–creative competency. The average ratings made [6.5; 7.8]—for
constructive–computational competency; [6.5; 7.4]—for diagnostic–designing; [6.3; 7.5]—for
communicative–managerial; [6.0; 7.2]—for constructive and creative competencies, depending on the
year of study and the discipline (Table 2).

The quarantine introduced in connection with the COVID-19 pandemic (closing of universities)
had a significant impact on the educational process at universities, which could significantly affect the
results of the experiment. To assess this impact, the sample average values of the level of students’
competencies development before the quarantine and during the quarantine period were checked by
the t-criterion over the entire sample (across all competencies, courses, specialties, and disciplines).
The tabular value (1.96) exceeds the empirical one (0.84) at p = 0.05, indicating the absence of statistically
significant differences in the level of students’ competencies from September 2019 to 23 March 2020
and from 23 March 2020 until the completion of the experiment. This means that the quarantine
did not have a significant impact on the experiment. The generated data sample can be considered
homogeneous and may be used in modeling the effectiveness of distance learning.
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Table 2. Average values of the level of the formed students’ professional competencies.

Year of
Study

Competency
Power Engineering and
Electrical Engineering

Mechanics and
Mathematical

Modeling

Technological
Machines and

Equipment

D1 D2 D3 D4 D5 D6 D7

2

Comp_1 6.8 - - 6.5 - 7 -
Comp_2 6.6 - - 6.5 - 6.6 -
Comp_3 6.6 - - 6.3 - 6.4 -
Comp_4 6.0 - - 6.1 - 6.3 -

3

Comp_1 - 7.2 - 6.7 - - 7.1
Comp_2 - 6.9 - 6.5 - - 6.9
Comp_3 - 6.8 - 6.5 - - 6.7
Comp_4 - 6.5 - 6.3 - - 6.7

4

Comp_1 - - 7.5 - 7.8 - 7.4
Comp_2 - - 7.4 - 7.3 - 7.1
Comp_3 - - 7.4 - 7.5 - 6.9
Comp_4 - - 7.2 - 7.2 - 6.6

Note: Comp_1–Comp_4—technical competencies; D1-D7—disciplines: D1—Theoretical Foundations of Electrical
Engineering; D2—Electric Machines in the Electrical Power-Generation Industry; D3—Protection and Automation
of Electrical Power Systems; D4—Theoretical and Applied Mechanics; D5—Stability Theory; D6—Theoretical
Mechanics; D7—Metallurgical Machines and Equipment.

There are no significant differences in terms of the t-criterion or in the average level of competencies
depending on the week of the experiment, which makes it possible to build a universal model of the
effectiveness of distance learning, regardless of the discipline topic.

The membership functions regarding the levels of technical competencies development that
were determined based on the values of the Comp_1–Comp_4 competencies for a sample of the
second–fourth year students who took part in the experiment are shown in Figure 1.
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Figure 1. Membership functions regarding the levels of students’ professional competencies 
development: (a) membership functions regarding the levels of constructive–computational 
competency development (Comp_1); (b) membership functions regarding the levels of 
diagnostic–designing competency development (Comp_2); (c) membership functions regarding the 
levels of communicative–managerial competency development (Comp_3); (d) membership functions 
regarding the levels of constructive–creative competency development (Comp_4). 
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Figure 1. Membership functions regarding the levels of students’ professional competencies
development: (a) membership functions regarding the levels of constructive–computational
competency development (Comp_1); (b) membership functions regarding the levels of
diagnostic–designing competency development (Comp_2); (c) membership functions regarding the
levels of communicative–managerial competency development (Comp_3); (d) membership functions
regarding the levels of constructive–creative competency development (Comp_4).

The relative importance of the Comp_1–Comp_4 competencies in the formation of professional
competencies of students majoring in Engineering was determined by experts at the level of 0.26
for constructive–computational competency; 0.30 for diagnostic–designing competency; 0.20 for
communicative–managerial competency; and 0.24 for constructive–creative competency. Taking into
account the levels of the Comp_1–Comp_4 competencies and their relative importance based on the
Formula (2), the levels of students’ integral technical competence were determined:
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µ1 =


1, 0 ≤ Int ≤ 0.15
0.35−Int

0.2 , 0.15 < Int < 0.35
0, 0.35 ≤ Int ≤ 1

µ2 =



0, 0 ≤ Int ≤ 0.15
Int−0.15

0.2 , 0.15 < Int < 0.35
1, 0.35 ≤ Int ≤ 0.68
0.85−Int

0.17 , 0.68 < Int < 0.85
0, 0.85 ≤ Int ≤ 1

µ3 =


0, 0 ≤ Int ≤ 0.68
Int−0.68

0.17 , 0.68 < Int < 0.85
1, 0.85 ≤ Int ≤ 1

(3)

where µ1 is a probability of assigning the integral competency value to a low level, µ2—the same
referring to the medium level, and µ3—the same referring to the high level. The number of levels (m = 3:
low, medium, and high), as in the case of Comp_1–Comp_4 competencies, was determined based
on differences in the values of the integral competency indicator at these levels that are statistically
significant in terms of the t-criterion at p = 0.05.

With regard to the average value of the integral competency assessed during the experiment,
13% of the second year students had a high level of integral competency (µ3 = 1) and an intermediate
level between medium and high levels, with a greater probability of high level (µ3 ≥ 0.5), 68% of them
having a medium level (µ2 ≥ 0.5, µ2 = 1 or µ3 < 0.5), and 19% having a low level (µ1 = 1 or µ2 < 0.5).
The following values were observed for the third year students: 20% showed a high level (µ3 ≥ 0.5 or
µ3 = 1), 68% demonstrated a medium level (µ2 ≥ 0.5, µ2 = 1 or µ3 < 0.5), and 12%—a low level (µ1 = 1
or µ2 < 0.5). The fourth year students had these integral competency levels: 22% showed a high level
(µ3 ≥ 0.5 or µ3 = 1), 71% having a medium level (µ2 ≥ 0.5, µ2 = 1 or µ3 < 0.5), and 7%—a low level
(µ1 = 1 or µ2 < 0.5) (Table 3).

Table 3. The integral level of students’ professional competency formedness (in % of the total number
of students in the course).

Course

Level of Integral Competency, %

Low
An Intermediate Level

between Low and
Medium Levels

Medium
An Intermediate Level
between Medium and

High Levels
High

µ1 = 1 µ2 < 0.5 µ2 ≥ 0.5 µ2 = 1 µ3 < 0.5 µ3 ≥ 0.5 µ3 = 1
2 8 11 28 27 13 11 2
3 3 9 15 32 21 16 4
4 1 6 13 38 20 13 9

The impact of the distance-education forms on the value of integral competency is described
using the constructed models (Table 4).

Proceeding from the presented system of models describing the impact of various
distance-education forms, measured in percentage, on the level of integral competency, the criterion
Int→ max (provided ρA + ρB + ρC + ρD + ρE + ρF = 1) is fulfilled with the following distance learning
structure: ρA = 0.54, ρB = 0, ρC = 0.15, ρD = 0.14, ρE = 0.06, ρF = 0.11. The reliability of the results
is confirmed by a sufficient sample, coefficients of determination (R2

→ 1), and Fisher’s F-criterion,
whose calculated values exceed the tabular figures.
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Table 4. Models of the distance-learning structure impact (indicators ρA–ρF) on the level students’
integral competency formedness.

Model
Model Adequacy Indicators

Coefficient of
Determination (R2)

Fisher’s
F-Criterion

Int = −2.4405 × ρA2 + 3.2855 × ρA − 0.2321 0.91 57.14
Int = −1.6613 × ρB2 + 0.6096 × ρB + 0.909 0.89 30.61

Int = −2.1602 × ρC2 + 1.2702 × ρC + 0.7679 0.92 69.43
Int = −1.1396 × ρD2 + 0.9479 × ρD + 0.7502 0.94 84.11

Int = 2.3064 × ρE3
− 4.1706 × ρE2 + 1.1003 × ρE + 0.8749 0.90 55.07

Int = 4.234 × ρF3
− 6.9408 × ρF2 + 2.0207 × ρF + 0.7827 0.88 49.75

Video lessons are the most effective form of distance learning, which should optimally make up
54% of the total study time within the discipline over a week. The text lectures should amount to 15% of
study time, as well as 14% devoted to creative tasks, 11% to situational tasks, and 6% to computational
tasks. It is less effective to use audio lessons than the above methods. The maximization of the level of
students’ competencies when using audio lessons without taking into account the limitations in the
number of academic hours is achieved with a value of ρB = 0.18. However, taking into account time
constraints, the use of audio classes is not so effective as other types of classes, which is expressed in
a lower marginal increment in the level of competence with an increase in ρB by 0.01.

The proposed optimal structure for distance learning was tested among the students participating
in this experiment. Teaching lessons according to the optimal structure resulted in the following weekly
indicators of integral competency: a high level for 39% of students of all specialties and years of study
(µ3 ≥ 0.5 or µ3 = 1), a medium level for 58% (µ2 ≥ 0.5, µ2 = 1 or µ3 < 0.5), and a low level for 3% (µ1 = 1
or µ2 < 0.5).

4. Discussion

A methodological approach was thus proposed in this study to find the optimal structure of
teaching methods and distance-learning techniques for the formation and development of students’
professional competencies. This approach was exemplified by the Ural Federal University in Russia.
It is based on determining the quality levels of students’ professional competencies formedness in
the process of distance learning, which in turn, makes it possible to diagnose the effectiveness of the
educational process at any time and to accordingly adjust the corresponding teaching techniques.
The proposed approach to assessing these competencies provides for an integrated assessment of
their components (constructive–computational, diagnostic–designing, communicative–managerial,
and constructive–creative competencies) based on their significance and expert assessment thereof.
The use of interval-valued fuzzy sets in assessing the level of competencies provides a balanced
assessment for all components. It eliminates the possibility that the high values of one component
could compensate for the low values of another, a problem that is typical of the integral methods
for competency assessment based on additive or multiplicative convolution. The use of fuzzy sets
enables us to take into account the probabilistic nature of assigning “disputed” values, which lack
100% certainty regarding their level, to the adjacent levels.

The absence of statistically significant differences, as assessed by the t-criterion in the average
level of competencies depending on the week of the experiment, ensures the universality of the optimal
model of distance learning, regardless of the discipline topic.

The methodological approach to distance-education improvement is based on the developed
non-linear regression models that allow the researchers to assess the effectiveness of each teaching
technique for distance learning at any stage of competency formation and any point in the educational
process. These models make it possible to assess the totality of using both visual and verbal pedagogical
methodologies [25,26]. This, in turn, enables the researchers to take into account the students’ individual
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characteristics throughout the distance-learning process and to adjust the educational technology in
a timely fashion to enhance the formation of professional competencies.

The conclusions obtained from the results of this study can be used to increase the efficiency of
distance learning for students in the study of technical disciplines, regardless of the course of study,
based on the observance of the proposed optimal ratios of forms of distance learning.

It is also possible to use the very methodology for modeling the optimal structure of distance
learning, depending on the forms of education, which can be applied in relation to other specialties
and disciplines, with an emphasis on other forms of education. In order to model the influence of
a larger number of variants of combinations of forms of education, it is necessary to choose disciplines
for the study of which the maximum number of academic hours is allotted. Except in cases where the
effectiveness of distance learning in a particular discipline is being investigated. The distribution of the
use of various forms of distance learning by academic week is carried out in any form, provided that
all the hours allocated for the study of the discipline are distributed. The level of detail may not be
a school week, but, for example, a day if the discipline is taught in blocks with a large number of
hours per day, or the subject of the discipline. The greater the number of options for combinations of
training forms and the hours allocated for each of these combinations, the higher the accuracy of the
results obtained.

5. Conclusions

Based on this empirical study, the following conclusions can be drawn. The effectiveness of
distance-learning methods at universities is one of the main problems in the Russian higher education
system on account of the total quarantine due to the COVID-19 pandemic. No single model of
the influence of the distance-learning form on the integral level of professional competencies can be
described by a linear function. None of the distance-education forms, therefore, ensure the development
of a higher level of students’ professional competencies through the maximum increase in their share.
Thus, it is possible to talk about the presence of an unbalanced system of teaching techniques of
distance learning in the Russian university understudy, which provides only an average level of
students’ competency formedness.

The developed methodological approach made it possible to determine that in the current
conditions the use of audio lessons in distance learning is less effective than other teaching techniques.
Video lessons are the most effective method of developing professional competencies in the context of
distance education. Video lessons should take up 54% of the total allotted study time each week for
a given discipline for a week. Text lectures should take up 15%, with 14% devoted to creative tasks,
11% to situational tasks, and 6% to design tasks. The identified structure of teaching techniques can
significantly enhance the formation of students’ professional competencies during practical use in
distance learning.

6. Limitations and Study Forward

It should be noted that along with the advantages of the developed methodology for optimizing
the structure of teaching technologies of distance learning, it is limited in its application in numerous
regards. Because of the complexity of implementing the pedagogical experiment, which requires
changes in the educational process and active cooperation with teachers, the study was conducted at
only one university. This limits the use of the obtained results toward universities in other countries.
However, the research on the development of students’ professional competencies while studying in
various courses and specialties provides evidence that the identified patterns are universal and can be
used to optimize distance learning in Russian universities. The proposed experiment also involved
monitoring the results of each week of training to form the maximum survey sample. In real conditions,
the use of the proposed optimal structure of distance learning may not be accompanied by so much
control, which would not affect the level of students’ competencies.
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Due to the insignificant activity of external students of the Ural Federal University, it was
impossible to attract them to the experiment. This will become the basis for identifying the features of
distance-education effectiveness depending on the forms of study in our future scientific research.

The disadvantage of the distance learning use is that due to the lack of teachers’ necessary
distance work experience; problems with establishing contact with students; students’ perception
of this education form is not serious enough; a significant degree of students’ relaxation at home;
the inability to obtain the prompt answers to the clarifying questions in the lesson course; the lack of
team communication; and the level of competence suffers in comparison with the traditional education
form. However, this factor was not reflected in this study results, as the experiment was conducted
exclusively among the distance-learning students. Therefore, the competence levels in the use of
different distance-learning forms are comparable, which ensures the objectivity of the results obtained
and the possibility to use the proposed model to improve distance-learning effectiveness.

Another distance-learning problem is the assessment of competencies, as the students cannot
perform the tasks on their own, using the Internet, or other assistive means. The problem of the
evaluation during the experiment in this study has been minimized due to the fact that non-stereotypical
tasks are proposed for the control, whose fulfillment requires certain knowledge and skills to apply it.
In addition, each task fulfillment is regulated in time.
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Appendix A

Schedules for Conducting an Experiment to Improve the Distance-Learning Effectiveness at the University.

Table A1. Schedule for conducting an experiment to improve the distance-learning effectiveness at the
university: a case study of learning the discipline “Theoretical Foundations of Electrical Engineering”.

Indexing Number of the
Experiment Week

Percentage of the Distance-Education Forms (ρ)
Σρ

A B C D E F

1 - 0.1 - 0.9 - - 1
2 - 0.2 0.8 - - - 1
3 - 0.3 - - - 0.7 1
4 - 0.4 - - - 0.6 1
5 - - 0.3 - 0.7 - 1
6 - - - 0.2 - 0.8 1
7 - - - 0.5 - 0.5 1
8 - - 0.7 - - 0.3 1
9 - - - 0.8 0.2 - 1

10 0.1 - - - - 0.9 1
11 0.2 - - - 0.8 - 1
12 0.3 - - 0.7 - - 1
13 0.4 - - 0.6 - - 1
14 0.5 0.5 - - - - 1
15 - - 0.6 0.4 - - 1
16 0.7 - - - 0.3 - 1
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Table A1. Cont.

Indexing Number of the
Experiment Week

Percentage of the Distance-Education Forms (ρ)
Σρ

A B C D E F

17 0.8 - - - - 0.2 1
18 - - 0.1 - 0.9 - 1
19 - 0.6 - - 0.4 - 1
20 - 0.7 - 0.3 - - 1
21 - 0.8 0.2 - - - 1
22 - 0.9 - - - 0.1 1
23 - - - - 0.6 0.4 1
24 0.6 - 0.4 - - - 1
25 0.9 - - - 0.1 - 1
26 - - 0.5 - 0.5 - 1
27 - - 0.9 0.1 - - 1

Table A2. Schedule for conducting an experiment to improve the distance-learning effectiveness at the
university: a case study of learning the discipline “Electric Machines in the Electrical Power-Generation
Industry”.

Indexing Number of the
Experiment Week

Percentage of the Distance-Education Forms (ρ)
Σρ

A B C D E F

1 - - 0.1 0.9 - - 1
2 - 0.1 - - 0.9 - 1
3 - - 0.2 - - 0.8 1
4 - - - 0.8 - 0.2 1
5 - - - 0.6 0.4 - 1
6 - - 0.3 - 0.7 - 1
7 - - - - 0.1 0.9 1
8 - - 0.6 - - 0.4 1
9 - 0.8 - 0.2 - - 1

10 - 0.2 - - 0.8 - 1
11 - - 0.5 0.5 - - 1
12 - 0.3 - - - 0.7 1
13 - 0.7 - - 0.3 - 1
14 - 0.4 - - - 0.6 1
15 - - 0.9 0.1 - - 1
16 - 0.5 - - 0.5 - 1
17 - - 0.7 - - 0.3 1
18 - 0.6 - 0.4 - - 1
19 0.1 0.9 - - - - 1
20 0.2 - 0.8 - - - 1
21 0.3 - - 0.7 - - 1
22 0.4 - - - 0.6 - 1
23 0.5 - - - - 0.5 1
24 0.6 - 0.4 - - - 1
25 0.7 - - 0.3 - - 1
26 0.8 - - - 0.2 - 1
27 0.9 - - - - 0.1 1
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Table A3. Schedule for conducting an experiment to improve the distance-learning effectiveness at
the university: a case study of learning the discipline “Protection and Automation of Electrical Power
Systems”.

Indexing Number of the
Experiment Week

Percentage of the Distance-Education Forms (ρ)
Σρ

A B C D E F

1 - - 0.3 0.7 - - 1
2 - 0.5 - 0.5 - - 1
3 - - 0.4 - 0.6 - 1
4 0.1 - - 0.9 - - 1
5 0.2 - 0.8 - - - 1
6 0.3 - - - 0.7 - 1
7 0.4 0.6 - - - - 1
8 0.5 - - - - 0.5 1
9 0.6 - - - 0.4 - 1

10 0.7 - - 0.3 - - 1
11 0.8 - 0.2 - - - 1
12 0.9 0.1 - - - - 1
13 - - 0.5 - 0.5 - 1
14 - 0.4 0.6 - - - 1
15 - - - 0.1 0.9 - 1
16 - - - - 0.8 0.2 1
17 - 0.2 - 0.8 - - 1
18 - - - 0.4 - 0.6 1
19 - - 0.7 - - 0.3 1
20 - 0.3 - - - 0.7 1
21 - - - 0.6 - 0.4 1
22 - - - - 0.2 0.8 1
23 - 0.7 - - 0.3 - 1
24 - - - - 0.1 0.9 1
25 - 0.9 0.1 - - - 1
26 - - 0.9 - - 0.1 1
27 - 0.8 - 0.2 - - 1

Table A4. Schedule for conducting an experiment to improve the distance-learning effectiveness at the
university: a case study of learning the discipline “Stability Theory”.

Indexing Number of the
Experiment Week

Percentage of the Distance-Education Forms (ρ)
Σρ

A B C D E F

1 - - - 0.8 0.2 - 1
2 - - - 0.9 0.1 - 1
3 - 0.9 - 0.1 - - 1
4 - - 0.8 - - 0.2 1
5 - 0.6 - - 0.4 - 1
6 0.9 - 0.1 - - - 1
7 0.8 - - 0.2 - - 1
8 0.7 - - - 0.3 - 1
9 0.6 - - - - 0.4 1

10 - - 0.5 0.5 - - 1
11 - 0.5 - - - 0.5 1
12 - 0.7 - - - 0.3 1
13 - - - 0.4 0.6 - 1
14 - 0.4 0.6 - - - 1
15 - - - 0.3 - 0.7 1
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Table A4. Cont.

Indexing Number of the
Experiment Week

Percentage of the Distance-Education Forms (ρ)
Σρ

A B C D E F

16 - - 0.9 - - 0.1 1
17 - 0.3 - 0.7 - - 1
18 0.5 - - - 0.5 - 1
19 0.4 - - 0.6 - - 1
20 0.3 - 0.7 - - - 1
21 0.2 0.8 - - - - 1
22 0.1 - - - - 0.9 1
23 - 0.2 - - - 0.8 1
24 - - 0.2 - 0.8 - 1
25 - 0.1 - - 0.9 - 1
26 - - 0.3 - 0.7 - 1
27 - - 0.4 - - 0.6 1

Table A5. Schedule for conducting an experiment to improve the distance-learning effectiveness at the
university: a case study of learning the discipline “Theoretical Mechanics”.

Indexing Number of the
Experiment Week

Percentage of the Distance-Education Forms (ρ)
Σρ

A B C D E F

1 - 0.2 - 0.8 - - 1
2 - - 0.6 - - 0.4 1
3 - - 0.2 - - 0.8 1
4 - 0.3 0.7 - - - 1
5 - - - 0.3 0.7 - 1
6 - - - 0.5 0.5 - 1
7 0.9 - - - 0.1 - 1
8 0.8 - - 0.2 - - 1
9 - 0.5 0.5 - - - 1

10 - 0.1 - - 0.9 - 1
11 - - - 0.7 - 0.3 1
12 - - - - 0.3 0.7 1
13 0.7 - 0.3 - - - 1
14 0.6 0.4 - - - - 1
15 0.5 - - - - 0.5 1
16 0.4 - - 0.6 - - 1
17 0.3 0.7 - - - - 1
18 - - 0.4 - 0.6 - 1
19 - 0.6 - 0.4 - - 1
20 - - - - 0.8 0.2 1
21 - - 0.9 0.1 - - 1
22 - - - - 0.4 0.6 1
23 - 0.9 0.1 - - - 1
24 0.2 - 0.8 - - - 1
25 0.1 - - - - 0.9 1
26 - - - 0.9 - 0.1 1
27 - 0.8 - - 0.2 - 1
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Table A6. Schedule for conducting an experiment to improve the distance-learning effectiveness at the
university: a case study of learning the discipline “Metallurgical Machines and Equipment”.

Indexing Number of the
Experiment Week

Percentage of the Distance-Education Forms (ρ)
Σρ

A B C D E F

1 - 0.5 0.5 - - - 1
2 - - 0.2 0.8 - - 1
3 - 0.6 - - - 0.4 1
4 - - 0.9 0.1 - - 1
5 - - - 0.9 0.1 - 1
6 0.9 0.1 - - - - 1
7 - - - - 0.3 0.7 1
8 - 0.7 - 0.3 - - 1
9 - - - - 0.5 0.5 1

10 - - 0.8 - - 0.2 1
11 - - - 0.4 - 0.6 1
12 - 0.4 - - 0.6 - 1
13 0.8 - - - 0.2 - 1
14 - - 0.7 - - 0.3 1
15 0.7 - 0.3 - - - 1
16 - 0.9 - - - 0.1 1
17 0.6 - 0.4 - - - 1
18 - 0.8 - 0.2 - - 1
19 0.5 - - 0.5 - - 1
20 - 0.2 - - - 0.8 1
21 - - - 0.6 0.4 - 1
22 - 0.3 - 0.7 - - 1
23 0.3 - - - 0.7 - 1
24 - - 0.1 - 0.9 - 1
25 0.2 - - - 0.8 - 1
26 0.4 - 0.6 - - - 1
27 0.1 - - - - 0.9 1
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