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ANALISYS OF TEACHING ELEMENTS 
ON TECHNICAL AND MATHEMATICAL 
DISCIPLINES IN MODERN DISTANCE 
EDUCATION

The object of research is the quality of teaching technical and mathematical disciplines in modern distance 
education. One of the most problematic areas is communication, dialogue between a teacher and a student, per-
sonality problems in the teacher-student dyad, and the effectiveness of feedback. The idea of distance learning, 
obviously, is that the interaction between teacher and student takes place in a virtual space. The more efficiently 
this interaction is built by using a variety of techniques, methods, the better a teaching process. Distance teaching 
is essentially a person-centered form of education. This is a separate modern educational technology that provides 
a choice for the teacher, the ability to select educational material depending on the information needs of students.

In the course of the study, the main possibilities for improving the effectiveness of feedback between the 
student and the teacher and the forms of implementing such communication were considered. The organizational 
and pedagogical conditions for the use of the system of certain elements of distance learning in the process of 
vocational training have been substantiated. Modern information technologies and innovative teaching methods in 
training specialists are described. It is proposed to use more actively such elements as an interactive whiteboard, 
interactive processing of students’ statements during a survey, both in the form of tests or a forum, and in the form 
of a «word cloud». The use of these interactive elements has proven itself in practice.

As a tool for objective assessment of the level of feedback, a comparative analysis of statistical data is pro-
posed, which concerns the distribution of marks at the beginning and at the end of the distance learning course. 
This data can also be interpreted as an indicator of the quality of teaching. In particular, the analysis of school 
preparation of students for mastering mathematical disciplines in higher education was carried out. Comparative 
analysis substantiated, in particular, the need for additional classes for students with poor preparation.
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1.  Introduction

In recent decades, the scientific and methodological foun­
dations of distance learning have been rapidly developing.  
Problems on the development of distance education are 
devoted to works both at the general theoretical and metho­
dological level  [1], and in the consideration of certain 
practical aspects  [1–3]. The number of international con­
ferences on Distance Teaching & Learning is constantly 
growing  [4, 5]. The problems of combining the depth and 
fundamentality of education with the modern require­
ments of rapid changes and increasingly shorter formats 
for presenting materials are considered. Organizational and 
managerial schemes for supporting the digital transfor­
mation of universities are changing. Under the influence  
of new digital technologies, the educational system is chang­
ing at the global, regional and local levels. It becomes 

necessary to discuss complex issues of technical support of 
the process, the creation of new skills for working in the 
Internet environment (both for teachers and for students), 
setting up fruitful communication of scientific, educational 
and socially personal. The use of an increasing variety 
of possibilities, fundamentally new forms and methods of 
teaching becomes necessary both in a general context and 
in individual specific applications.

Distance learning has arisen as a result of the development 
of computer technology and has found wide application in 
correspondence education. Distance learning is essentially  
a person-centered form of learning. This is a separate modern 
educational technology that makes it possible to choose  
a teacher, the choice of educational material, depending 
on the information needs of students  [6]. Distance courses 
replaced students with voluminous textbooks, teaching aids 
and in a concise form offered the necessary amount of 
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information on a specific subject, section, adapted to the 
specialty. The introduction of distance courses has made it 
possible to qualitatively improve the educational process, 
create conditions for continuous study of the subject, and 
not only during the sessions.

Moreover, distance courses provided an opportunity 
for the teacher to control the educational process, for 
example, by intermediate educational tests, questions to the 
student, and finally, passing exams in a test or other form.  
By the way, the remote form made it possible for edu­
cational institutions to save money on business trips of 
teachers to the branches of an educational institution, 
which were quite ramified at that time  [7, 8].

The remote form has radically changed with the in­
troduction of quarantine during the Covid-19 pandemic. 
As shown in  [9], so far the situation is favorable for the 
educational process, since it makes it possible to think 
outside the box and raise more modern and critical ques­
tions. A feature of distance education is that the direct 
process of transferring knowledge from the teacher to the 
student is disrupted due to distance and the inability to 
track the student’s reaction. Distance courses created for 
correspondence courses had to be adapted to full-time 
courses or new ones had to be created. There were prob­
lems of the methodological nature of teaching a particular 
discipline, in particular mathematics, higher mathematics, 
applied disciplines  [10]. That is, those disciplines that 
are not limited to the text and it is necessary to operate 
with formulas, equations, graphs and the like. And it is 
in this aspect, in this direction, there are a number of 
problems that require attention to improve, improve the 
quality of teaching these disciplines.

In distance learning, communication between a student 
and a teacher occurs in the form of a link. One of the 
main aspects of the remote methodology is the use of 
synchronous communication, that is, communication in real 
time, involves active interaction between the teacher and 
students. Technically, such communication can be provided 
with the help of interactive elements of distance learning –  
forums, chats, tests, task-task elements, resources for ac­
cumulating and presenting meaningful content, etc.  [11].

Own experience of using interactive elements while 
teaching technical disciplines [12] shows both the correct­
ness of the proposed approach and the need for further 
improvement and expansion of the tools involved.

This point of view was also expressed by other resear­
chers of modern technologies of distance learning [5], who 
note that the use of distance technologies has a number 
of advantages over traditional forms. They also indicate 
that modern technology trends affect:

–	 increasing motivation for learning activities;
–	 provide opportunities for the use of new forms in 
the educational process, in which students will learn 
not only to assimilate knowledge, but also to acquire 
it independently;
–	 to use the acquired knowledge during the educational 
process and in everyday activities. Among such trends 
are cloud technologies, inverted classroom, Big Data,  
Gamification of education, robotics, augmented reality, 
and the like.
The quality of distance learning depends on the fulfill­

ment of several key conditions:
–	 effective feedback from students to the teacher;
–	 active involvement of students in the learning process;

–	 use of a flexible assessment system to motivate stu­
dents, when self-assessment is seen as an additional 
learning tool;
–	 ability of students to self-discipline and independent 
work  [13].
Thus, the urgent is the need for a more detailed study 

of the means that can provide the specified conditions. The 
object of this research is the quality of teaching technical 
and mathematical disciplines in modern distance education. 
Such a study is based on the analysis of modern interac­
tive elements, the experience of using which in the process 
of teaching technical disciplines, in particular, higher ma­
thematics, allows us to draw certain conclusions.

The aim of research is to analyze the elements of teaching 
technical and mathematical disciplines in modern distance 
education. Among such elements, an interactive whiteboard, 
interactive processing of students’ statements during a survey,  
both in the form of tests or a forum, and in the form of a «word  
cloud», are considered in the future.

2.  Methods of research

The paper considers the possibilities of assessing the 
effectiveness of feedback between a student and a teacher 
and the forms of implementation of such communication. 
A comparative analysis of statistical data that can be in­
terpreted as an indicator of the quality of teaching has 
been carried out. Some of the interactive elements that 
have proved to be successful in practice are presented.

The quality of teaching mathematics, like other technical 
disciplines in a higher educational institution, undoubtedly 
depends on school preparation, that is, on the baggage 
of knowledge that a student possesses. Let us describe 
the scope of research in the teaching of mathematics and 
higher mathematics at the university by analyzing the 
factors affecting the quality of teaching.

For the study, the results of the autumn semester of 
the flow of the first year of specialty 141 (Electrical power 
engineering, electrical engineering and electromechanics) 
of the O. Beketov National University of Urban Economy 
in Kharkiv (Ukraine). These data, in comparison with the 
distribution of the results obtained by the participants, 
passed the state final certification in mathematics [13, 14]. 
That is, by the same students, according to the levels of 
knowledge given in the report of the Ministry of Education 
and Science of Ukraine on conducting in 2019 an external 
independent assessment of learning outcomes obtained on 
the basis of complete general secondary education.

3.  Research results and discussion

The diagrams in Fig.  1, as expected, confirm the main 
thesis. A similar diagram is shown for the 2020  gradua­
tes  (Fig.  2). Compared to the results of external inde­
pendent evaluation (EIE), the results of the session are 
slightly better due to the increase in the number of as­
sessments of a sufficient level. It can be assumed due to 
the better enrollment in the first year, but rather this is  
a consequence of the fact that students received part of the 
certification points in a distance form. In particular, when 
drawing up the current control in a test form, it is more  
objective to send written responses by e-mail.

The diagrams in Fig.  1,  2 can serve as a control of 
the objectivity of the assessment of a student’s knowledge,  
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as an indicator of the quality of teaching 
mathematics, at least in the first year. On 
the other hand, the analysis of success re­
veals students who need additional classes 
to restore or replenish their knowledge of 
certain sections of mathematics. In any case, 
distance courses should contain information 
on the main sections of mathematics –  
algebra, geometry, trigonometry, vector alge­
bra, as well as tables, formulas, and the like. 
These figures show the results of external 
independent assessment in dark gray, and 
the results of the autumn session of the 
same contingent of students in light gray.

Training involves the interaction of  
a teacher and a student. It is the teacher, 
acting as an interpreter of knowledge, who 
introduces emotional coloring into the learn­
ing process, implements feedback and, if 
necessary, can correct the student’s learn­
ing process.

Feedback in the learning process is un­
derstood as information about the state of  
a controlled object – a student, a student –  
at each specific moment of its activity. 
Feedback is, first of all, a characteristic of 
the student’s state (readiness for classes, 
mood, attentiveness, its responses to the 
psychophysiological state, etc.), on the ba­
sis of which the teacher chooses teaching 
tactics, flexibly reacting to changes in the 
student’s state  [1, 2, 7].

Feedback is the concept of distance 
learning from the point of view of the 
teacher, which for the student is actually 
an individual form of education, which 
both sides aspire to and which, of course, 
is impossible with classroom teaching.  
Ideally, the student, using the individual 
form, automatically provides the teacher 
with feedback through direct communi­
cation, activity, creativity.

However, in reality, in reality, in the educational pro­
cess, the audience is multi-colored. And therefore, it is the 
teacher who belongs in any way to motivate the student.

Traditionally, feedback is considered as control of the 
tasks given by the teacher, for which various testing op­
tions, current and control tasks, tests and exams, and the 
like are widely used.

However, it is important to provide feedback in the 
process of presenting theoretical knowledge from the teacher 
to the student. In the classroom form of lectures, a  ques­
tion to the audience, discussion and problem lectures (in  
full or as part of a traditional lecture), discussion of ac­
tualized issues, and the like are widely used. By posing 
a simple question to the audience, the teacher, based on 
the students’ quick reaction, can make a generalizing di­
gression, present the proof in more detail, or omit the 
material already known to the students, focusing on new 
aspects. In the case of distance learning, such an urgent 
reaction is often difficult or completely impossible  [7, 8].

Undoubtedly, the choice of methods, methods of teach­
ing a particular discipline depends on the discipline itself. 
With regard to mathematics, for example, in contrast to 

the humanities, it is almost impossible to describe a for­
mula, or, moreover, a graph in text, words. The classroom 
whiteboard transforms into an interactive whiteboard. One 
way to attract students to work is to use an interactive 
whiteboard with student image editing permission. The 
teacher can depict, for example, elements of the problem, 
and the student – immediately add or correct at the invi­
tation of the teacher, will be assessed live.

So, Fig. 3 shows a demo screen during an online lecture, 
a student solving a mathematical example (the student’s 
name can be seen in the lower right corner).

Fig. 4 shows another example of communication with 
the student audience, when, at the suggestion of the teacher 
(black and green), the student adds a red line.

Another way is such an element of distance courses 
as a survey. Such an element is present in the Moodle 
environment, you can use third-party resources, for exam­
ple, the National Agency for Quality Assurance in Higher  
Education uses the Mentimeter online resource.

A question for discussion is formulated (Fig. 5), and 
students (listeners) can directly switch to the element and 
express their opinion – by choosing one of the proposed 
options or in a completely free form.

Fig. 1. Comparison of the results of external independent evaluation of 2019  
and the autumn session

Fig. 2. Comparison of the results of external independent assessment of 2020  
and the autumn session
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Fig. 3. Solution by a student to an example during an online lecture

 
Fig. 4. An example of how a student can plot a function  

during an online lecture

 
Fig. 5. An example of a request during an online seminar

The system immediately processes the data and pres­
ents it in a convenient graphical form (Fig.  6,  7). The 
teacher can comment on the result, and the students 
can independently assess the degree of correctness of 
their answer.

 
Fig. 6. Results of the survey during the online seminar  

in the form of bar graphs

 
Fig. 7. Results of the survey during the online seminar  

in the form of a «word cloud»

It can be argued that due to feedback, the effective­
ness of a practical lesson is higher than a lecture. Solving  
examples on an interactive whiteboard with student par­
ticipation keeps the group active at all times. During the 
lecture, only discrete audio communication is possible. 
This speech is about the fact that the quality of teaching 
also depends on the quality of the equipment, programs 
used, various web servers, platforms, resources and so­
cial networks (Moodle, Zoom, Skype, Viber, Telegram and 
Messenger). It would be extremely useful to have a small 
screen on the monitor that would constantly reflect those 
present at the lecture. The experience of distance learning, 
especially during quarantine, prompts to comprehensively 
improve all components of the educational process. Dis­
tance learning will not replace classroom learning, but 
it has ample opportunity to get closer. Both forms have 
the right to exist, or rather coexistence in the direction 
of blended learning.

Distance learning must be perceived as an independent,  
independent, which has its own characteristics, not similar 
to other forms. That is, we do not always have to look 
for analogs, say, in a classroom form. If we are talking 
about a flexible assessment system, it is clear that a regular 
exam, written, or even more so oral, cannot be directly 
transferred to the distance form. And there is no need, 
because distance learning is able to develop its own forms 
of assessment. And not only in the educational process. 
Conducting Olympiads, the assessment of which gives 
additional points for admission to a higher educational 
institution. Student Olympiads, which assess the quality 
of a student’s preparation and affect the rating of the 
university that he represents.

Distance education has now become a mass phenomenon 
all over the world, although the transition to such a «mass 
character» was in many cases forced. The resources of 
time and effort invested in the preparation and setup of 
distance courses have revealed new effective elements and 
opportunities of the educational process. The described in 
the article and other similar elements of distance courses 
are really only with modern computer tools, however, their 
use over time changes the structure of a training lesson, 
requires changes in roles in the «teacher-student» dia­
logue. Analysis of the production of distance education 
revealed significant differences from the traditional edu­
cational process of «classes and lessons», in particular the 
importance of further research in the areas of psychological 
and didactic aspects of distance learning. It is necessary 
to pay more attention to motivating students (pupils),  
to disseminate interactive teaching methods, to introduce 
elements of gamification, and the like. This also dictates 
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the need to strengthen the appropriate training and re­
training of teachers.

4.  Conclusions

The study shows the need to improve cooperation bet­
ween teacher and student in distance education as an  
important element of the quality of teaching. If it is still 
possible to control or correct this cooperation with a mixed 
form of education, or even in correspondence form, then 
with a strict quarantine, a number of problems have been 
identified in the implementation of distance education. This 
is natural, because it is impossible to replace classroom 
lessons, when the teacher owns the audience directly, with 
interactive ones without losses. It is possible to about the 
student’s activity or passivity, the reproduction of ma­
thematical or technical formulas, equations, graphs, and the 
like. Finally, feedback, the need for which is undeniable, 
as well as its impact on the quality of teaching. Along 
the way, note the large number of publications on the 
improvement of distance education in general, the deve­
lopment of distance courses in particular, which, however, 
do not single out as the main thesis, namely the qua­
lity of teaching the discipline. For example, the distance 
courses themselves include a full course of lectures, but 
sometimes the presentation of a lecture can be of high 
quality and more visual and accessible.

A comparative analysis of statistical data on the dis­
tribution of marks at the beginning and at the end of the 
distance learning course, which is given in the article, is 
used as a tool for an objective assessment of the level of 
feedback. This tool can also be interpreted as an indicator 
of teaching quality.

The research results will be useful in the process of 
teaching mathematical disciplines, developing innovative 
technologies, methods and not only teaching, but also 
paying special attention to the preparation, the previous 
organization of the educational process. It is quite interest­
ing to compare the student’s first results with his school 
achievements, as is done in comparison with the results 
of external independent assessment. By the way, such  
a comparison is possible in other disciplines as well. The 
quality of teaching individual disciplines in total gives 
the quality of training a specialist as a whole, which is 
the most important need of our time.
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