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The object of this study is the process of imple-
mentation of control measures with the help of
distance learning technologies for students of
technical specialties. The problem of the applica-
tion of information and communication technolo-
gies for the effective implementation of final con-
trol during distance learning has been studied.
An authentic algorithm for creating a test on the
Moodle platform has been developed. The pro-
posed algorithm is based on the use of the clas-
sical structure of the ticket, which allows imple-
menting an approach to final control that is
closest to the traditional one. This is important for
assessing the acquired practical students compe-
tences of engineering specialties since for them
the control measure may include a combination
of textual, graphic, and computational tasks. The
application of the algorithm in practice allows
one to improve the quality of the final assess-
ment by ensuring equal conditions for students,
attracting the optimal set of tools for this, as well
as identifying the student and thus ensuring the
transparency of the control measure.

Verification of the developed algorithm during
the quarantine period sessions at the Faculty of
Transport Construction of the National Transport
University demonstrated a better adaptability of
students to conduct control measures in remote
form. This is confirmed by an increase in quali-
ty (from 1.16 % to 6.8 %) and success (to 7.4 %)
rates among students, as well as a high level of
student satisfaction in 2022 with the effective-
ness of online learning, which was determined
through an anonymous questionnaire. Promising
steps regarding the use of the algorithm in the
final evaluation are the development of measures
Jfor the implementation of automated recognition
of the emotional status of students
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1. Introduction

The introduction of quarantine measures, caused by the
global pandemic of COVID-19, regarding the organization
of the educational process at institutions of higher education
determined the need to transition from a traditional form of
education to a mixed and distance form. Such a rapid transi-
tion caused a number of problems of an organizational, techni-
cal, and legal nature, in particular, regarding the organization
and implementation of control measures. The procedure for
conducting an exam or assessment has become fundamentally
new. It included the use of information and communication
technologies, synchronous and asynchronous methods of
conducting the control event and methods of identifying the
person of the applicant, the type of examination task. Reorga-
nization of examination materials for engineering specialties
caused special difficulties. This is due to the fact that, tradi-

|DOI: 10.15587/1729—4061.2023.292924|

DEVISING AN APPROACH
TO THE USE OF DISTANCE
EDUCATION TECHNOLOGIES
IN PERFORMING CONTROL
MEASURES FOR TECHNICAL
STUDENTS

Anna Kharchenko
Corresponding author

Doctor of Technical Sciences, Professor
Department of Transport Construction
and Property Management®

E-mail: anna-x3@ukr.net

Vitalii Tsybulskyi

PhD, Associate Professor

Department of Strength of Materials and Engineering Science*

Serhii Kovbasenko
PhD , Professor
Department of Road Building Machines*

Vitalii Simonenko

PhD, Associate Professor

Department of Road Building Machines*

Mykola Kolbasin

PhD, Senior Researcher

Department No. 100

V. M. Glushkov Institute of Cybernetics

of the National Academy of Sciences of Ukraine
Akademika Glushkova ave., 40, Kyiv, Ukraine, 03187
*National Transport University
Omelianovycha-Pavlenka str., 1, Kyiv, Ukraine, 01010

How to Cite: Kharchenko, A., Tsybulskyi, V., Kovbasenko, S., Simonenko, V., Kolbasin, M. (2023). Devising an approach
to the use of distance education technologies in performing control measures for technical students. Eastern-European Jour-
nal of Enterprise Technologies, 6 (3 (126)), 49—=58. doi: https.//doi.org/10.15587/1729-4061.2023.292924

tionally, the examination ticket included a wide range of theo-
retical tasks and an engineering task or a calculation-graphic
task. In addition, the set of information and communication
technologies that allow the implementation of the traditional
structure of the examination ticket is significantly limited.
Automated multifunctional information systems of the LMS
class, in particular, for example, Moodle, are considered more
successful in solving such a task. However, there is a need
to develop algorithms for the use of such tools for the imple-
mentation of a control measure in the traditional form, which
renders relevance to the chosen research area.

2. Literature review and problem statement

Many researchers have paid attention to the task of or-
ganizing and conducting control measures using automated



information systems such as LMS (Learning Management
System). For example, among the fundamental works in
Ukraine in this field, a collective monograph [1] should be
noted. It considers the analysis of the Ukrainian experience
of organizing distance education. In turn, work [1] noted
problems in the implementation of control measures and their
objectivity among students of engineering specialties. These
problems were related to the emergency (rapid) transition to
distance learning during the quarantine due to COVID-19.
However, in the cited scientific work, the issue of conducting
control measures for students of engineering specialties is not
fully resolved.

A critical analysis of the problems and prospects of using
information and communication technologies in education is
given in [2, 3]. In particular, these studies report the results
of a student survey on the quality of distance learning and
the feasibility of using information and communication tech-
nologies. Paper [4] presents a model of the transition from
traditional to distance learning. The review of these studies
shows that when switching to distance learning, an import-
ant aspect is the preliminary preparation of the educational
institution and lecturers. It is necessary to take into account
the learning objectives, teaching style, and adapt the courses
to the needs of students. However, apart from stating the
problems of distance learning and determining the necessary
steps, research data [2—4] do not provide practical recom-
mendations for achieving the quality of education.

In [5], it was determined that assessment and control
measures in the online environment are one of the key ele-
ments of the teaching and learning process. However, the
proposed approach is quite generalized and mostly does not
take into account the specifics of individual educational pro-
grams. Studies [6, 7] were aimed at proving the objectivity
of using distance learning technologies to implement control
measures during the quarantine period during COVID-19.
In particular, work [6] reports the results of the analysis of
the quality of online education of students, which was per-
formed using the descriptive-phenomenological method. The
result of the study was the classification of the received data
according to advantages, problems and recommendations.
However, a relatively small sample of students was studied,
in which representatives of technical specialties were not
present. Study [7] describes the advantages of using LMS
class systems. But the author did not fully develop recom-
mendations for evaluating the results of online education.

The main efforts of researchers [8, 9] were aimed at en-
suring the academic integrity of students when taking exams
or practical tasks. In [8], it was proposed to use online test-
ing with various interactive tasks as one of the methods of
combating dishonesty. In work [9], lecturers are suggested
to devise authentic means of online diagnostics of students’
learning results. However, this does not solve the problem of
complex tasks for the exams of engineering students.

Study [10] reports a study of students’ attitudes towards
computer testing as a type of control measure. The authors note
that conducting the exam with the help of computer tools led
to an increase in the success of students. However, a number of
technical problems with online testing were identified, related
to lack of skills, data loss during test processing, and the risk of
student dishonesty. In [11], the advantages, disadvantages, and
problems of developing test tasks for distance courses and their
use during control measures are defined. However, the studies
are of a generalized nature and do not take into account the
problems of examining engineering students.

Study [12] determined the role of information and com-
munication technologies as a tool for assessing the level
of students’ knowledge. As a result, the positive impact of
periodic computer testing in the subject «mathematics» on
the final results of education was established. However, the
effectiveness of using online tools during the final control was
not fully substantiated.

Thus, in work [13], the authors proved the effectiveness
of using different types of Moodle tasks for online English
language testing at higher education institutions. At the
same time, a sample was analyzed from the number of first-
year undergraduate students (857 students) at the National
University «Kyiv-Mohyla Academy» (Ukraine) and from
the number of lecturers of the English language depart-
ment (20 lecturers). In particular, in a similar study [14], the
authors recorded a 13.41 % improvement in the quality of
performance of control measures using the Moodle platform
compared to the same period when such tests were not used.
Thus, it can be argued that LMS platforms have a better po-
tential in ensuring the quality of student assessment.

Study [15] reports the results of the analysis of the at-
titude to testing of graduate students under the conditions
of online learning based on the Moodle information system.
In particular, graduate students noted that online testing
creates psychological comfort for the applicant and is a more
convenient form of control than a paper or oral form.

In work [16], it was established that the Moodle platform
makes it possible to conduct a qualitative check of the level
of knowledge through intermediate and control testing.
In particular, the authors of paper [17] proposed and tested
a complex model of distance learning for engineers based on
a combination of Moodle (Australia), CADMATIC (Ukraine),
and TeamViewer (Germany) technologies. These scientific
works [16, 17] are as close as possible to the goal of this
study but they do not contain the results we are looking for.
Namely, the cited works do not ensure the implementation of
a complex engineering task online.

The review of the above studies [1-17] reveals insuffi-
cient attention in the scientific environment to the imple-
mentation of control measures for engineering specialties.
This especially applies to the synchronous mode with the
entrants completing essay-type test tasks.

3. The aim and objectives of the study

The purpose of our research is to devise an approach
to the use of information and communication technologies
in the implementation of control measures for students of
technical specialties. This will make it possible to improve
the quality of the final evaluation of students of engineering
specialties by using an optimal set of distance learning tools.

To achieve the goal of the study, the following tasks were
set and implemented:

— to develop an algorithm for the implementation of con-
trol measures with the help of distance learning technologies
of students;

—to propose a methodology for evaluating the effec-
tiveness of the developed control measures implementation
algorithm;

—to perform an assessment of the effectiveness of the
use of information and communication technologies in the
implementation of control measures using the proposed
methodology.



4. The study materials and methods

The object of the research is the process of implementa-
tion of control measures with the help of distance learning
technologies of students of technical specialties.

The basis for devising the methodical approach is the al-
gorithm for the implementation of control measures with the
help of distance learning technologies for students of techni-
cal specialties. This algorithm is based on the use of scientific
analysis methods in the field of student evaluation in mixed
and distance learning. The main hypothesis of the study
assumes that when using distance learning technologies
for students of technical specialties, it is necessary to apply
combined solutions regarding control measures. The main
assumption of the study is the need to combine text, graphic,
and computational tasks when assessing the acquired prac-
tical competencies of engineering students during control
events. This makes it possible to improve the quality of the
final assessment by using an optimal set of distance learning
tools. The effectiveness of the proposed algorithm was eval-
uated using the KPI (Key Performance Indicators) method.
Data for evaluating the effectiveness of the algorithm were
obtained from the results of the session of engineering
students at the Faculty of Transport Construction of the
National Transport University (Ukraine, Kyiv) over the
past three years. In the analyzed years, sessions of students
of engineering specialties were included when taking exams
traditionally, mixed, and online (according to the developed
algorithm). The general personal information of the appli-
cants in this study has been removed. Only KPIs achieved
by the student during the session were used.

The final analysis file included, in general, the cohorts of
bachelor’s programs from the first to the fourth year and master’s
programs from the first year. In total, for the 2019-2020 aca-
demic year, the cohort was 420 students, for the 2020-2021 ac-
ademic year — 392 students, for the 2021-2022 academic year
— 385students. The results of the student session for the
bachelor’s educational programs «Environmental protection
technologies», «Construction and civil engineering», «Geod-
esy and land management» and the master’s educational pro-
grams «Construction and civil engineering», «Geodesy and
land management» were analyzed. In addition, an anonymous
survey of students was conducted regarding the challenges
and issues they faced during the transition to distance learn-
ing. 233 students took part in the survey.

5. Results of devising an approach to the
implementation of control measures using distance
learning technologies

universities forced a methodological restructuring of the
organization of the educational process with the use of infor-
mation and communication technologies.

Modern information and communication technologies
contribute to the mutual integration of higher education,
innovative and scientific activities as components of the
«triangle of knowledge». The three-dimensional concept
of combining education, research, and innovation allows
universities to ensure their competitiveness and contribute
to the development of the state’s economy by producing the
specialists it needs. The basis of this is the generation and
transfer of knowledge. The common area of intersection of
the three components is the most effective area of develop-
ment of each component in the «triangle of knowledge».

In this regard, most universities have devised their pro-
cedures for transition to new forms of learning and teaching.
For example, in the 2019-2020 academic year, the Faculty
of Transport Construction at the National Transport Uni-
versity (Ukraine, Kyiv) developed its own Procedure for
conducting the credit and examination session [18]. Accord-
ing to the developed procedure during the implementation of
control measures in remote form (Fig. 1):

1) the lecturer provides equal conditions for passing the
exam or credit for all students;

2) the lecturer is obliged to identify the student when
issuing the assignment. Identification must take place by
means of a video conference with a student who presents
arecord book or other document certifying his/her identity
in the absence of a record book;

3) thelecturer ensures the transparency of the exam (the
video conference must be open to all visitors, the lecturer is
the administrator of the conference);

4) the student is obliged to perform the tasks independent-
ly during the control event and not to use any auxiliary means;

5) the task is performed in two stages: written and de-
fense of the written answer using a video conference.

Distance and mixed learning at the Faculty of Transport
Construction of the National Transport University takes
place mainly through the university Moodle platform, which
was built at the Local Distance Learning Center. The admi-
nistration of the National Transport University constantly
promotes the implementation of various distance learning
services and devises appropriate methodological recom-
mendations for the organization of the educational process,
which allow lecturers to use a variety of services and educa-
tional platforms [19, 20].

However, the main problem faced by lecturers of engineer-
ing disciplines was the creation of conditions for the objectivity
and impartiality of evaluation of control measures in a remote
or mixed form.

5. 1. Development of an algorithm for imple-
mentation of control measures using distance

Ensuring equal conditions for taking control measures

learning technologies

The main forms of obtaining education at insti-

Identification of student’s identity during assignment

tutions of higher education are institutional (full-

time (daytime, evening), part-time, distance, on-
line) and dual. Until 2019, the most common forms

Transparency of control measure ‘T

of higher education in Ukraine were full-time and

B BRI BN

part-time. With the introduction of quarantine,

Two-stage execution of task [

which is associated with the global pandemic of
COVID-19, the situation has changed in favor of
distance and mixed forms of education. The tran-
sition to mostly new forms of education for most

Fig. 1. The basic principles of conducting control measures

under remote mode



Acquiring an engineering profession requires assessment
of acquired practical competencies, which for the majority
of disciplines can be assessed in the event of conducting
a control event using a classical or combined approach. It
can be at the same time — writing an essay, solving a problem,
calculating-graphic work, drawing, etc. Thus, to solve this
problem, an authentic algorithm for organizing a classic test
in Moodle was developed (Fig. 2).

full-time — «level of higher education» (bachelor, mas-
ter) — «course» (for example, 1, 2, 3, 4), clicks the «Add
a new course» button, and fills in the corresponding win-
dows with information about the course (Fig. 4).

The lecturer checks the presence of all students connected
to his/her discipline by going to the «This course» — «Par-
ticipants» tab. In the absence of connected students, their
enrollment in the course must be completed. To do this, se-

-

Creating an exam in Moodle

Beginning

lect the «Enroll users» option, enter the
> abbreviated name of the group and the

year of admission in the «Select users»
window, or search for students by last

Has the course
been created?

You need to
create a
course

level, form of
study, course

name. After selecting a certain cohort of
applicants, the lecturer clicks «Enroll se-
lected users and groups». In the window
that appeared after enrolling participants
in the course, one can check the presence

Choose:
specialty,

of all students and their online presence
in the system at the moment, the field
«Last login to the course» (Fig. 5).

Next, the lecturer returns to the page
of his/her course («my courses» — «sub-

No Has the "Exam"
topic been
created?
Need to Yes You need to create a question in the
create a

theme

question bank: p=1....n

N ject name»).
Step 2. Creating an exam.
) The lecturer needs to go to his/her

l course and select the «Actions menu €» —

Does the bank have
any questions that
will be accepted for
the exam?

Add an activity or "Test"
resource

~  —<«edit> option. On the course page,
one needs to select the option «+add sec-
tion» - name the created <Topic _», for
) example, «Final control» (by clicking on

| the icon #) (Fig. 6).

Yes

Add an arbitrary question
to the "Test"

Next, in the «Actions menu #» option,
the lecturer selects «Question bank» —
— «categories» —in the «add category»

l window, fills in «Name» — Exam and
clicks the «Add category» button. In the

Completing course
editing

Select the options: date,
time of the test, and
others

added category, the lecturer selects the
«Questions» tab—in the «Select a cate-
gory» window, selects «Exam»— clicks

«Create a new question» and selects
the «Essay» type. On the page, one

Are there any
registered participants

User registration

needs to enter the name of the question
«Ticket No. 1». And in the «Question

in the course?

l text» window — enter the questions and

o

Yes " ntl

tasks of the examination ticket itself
«1...2....3...», choosing the answer format
«without direct text» and allowing at-

Fig. 2. Algorithm for organizing a test in Moodle (on the example of an exam)
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The algorithm is implemented step by step
as follows:

Step 1. Creating a course in the environment.

To perform this step, the lecturer needs to
log in on the Moodle platform page (in par-
ticular, for example, at the National Transport
University — via the link https://do.ntu.edu.
ua (Fig. 3)). If the lecturer is not registered in

DAKYJIBTET
3A0YHOTIO, AIUCTAHIIIVIHOTIO
HABYAHHSI TA IIJITOTOBKM
ITHO3EMHMX TPOMAJISIH

tached files «unlimited» (Fig. 7).

HAIIOHAJIBHUU
TPAHCIIOPTHUM

YHIBEPCUTET

Moodle, then registration in the system for lec-
turers takes place in advance on the main page.

Let’s move on to the course of our disci-
pline. If the lecturer does not have a created
course, s/he selects «specialty» — «educational
program» — «form of education», for example,

Fig. 3. The start window of the Moodle university platform (on the example
of the National Transport University, Kyiv, Ukraine)
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Each ticket must contain a combined approach for en-
gineers (abstract writing, problem solving, calculation and
graphic work, drawings, etc.). The classic ticket can be
added as a photo (Fig.7) or in the «Question text» field.
The lecturer can also use a test task in combination with an
engineering task.

The ticket creation procedure must be repeated as many
times as it is necessary to create tickets (Fig. 8).

Next, we move on to the course. In the «Final control»
section, select «+Add an activity or resource» — <Test» —
— «Add» —name «Exam» —tab «Time selection» (select a day,
time and time limit) — Save and return.

In the «Final control» category, click on the test «<Exam» —
— «Edit test» —in the «Add» tab, select «+ random ques-
tion». Next, select the «<Exam» category and the number of
random questions «1», click «Add random question» (Fig. 9).

When enrolling in the course, the student chooses the
«Exam» test. By clicking on it, s/he receives a ticket random-
ly selected by the system. Without closing the window with
the ticket and without writing down the answer, the student
takes a photo of the answer and uploads it to the window un-
der the ticket, clicks «Done». When logging into the Moodle
system, the lecturer receives information in the form of at-
tached files placed opposite the students’ last names.
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Fig. 9. Creating and editing a «Test» activity

Up to 2 hours are allotted for Step 2 (of which 1 hour
20 minutes is for writing, 40 minutes for technical proce-
dures: photographing the answer, attaching, sending).

Step 3. Synchronous ticket protection.

The next step is to protect the student’s written response
to the ticket in synchronous mode using information and
communication technologies (for example, Skype, Zoom,
Google Meet, etc.).

3. 2. Methodology for evaluating the effectiveness of
the developed algorithm

It is advisable to evaluate the proposed algorithm in
practice using the so-called KPI method (Key Performance
Indicators method). Peter Drucker’s KPI methodology is
aimed at evaluating achievements and helps understand
how effectively the proposed solution works at an individual
university. To analyze the effectiveness of the developed




algorithm for final control for engineering specialties, the
following KPIs are proposed:

— learning result (achieved);

— students’ performance during the session;

— achieved quality — the ratio of the obtained positive re-
sult (grades «A», «B», «C») to satisfactory (grades «D», «<E»).

Thus, the function of applying the KPI method will have
a formalized form:

f(KPI)={R, P,Q} - max, 1)

where R is the learning outcomes, or the percentage of those
students who started the session; P is the success rate of stu-
dents during the session, or the percentage of students who
passed the session (success rate); Q — achieved quality — the
ratio of the obtained positive result (grades «A», «B», «C») to
satisfactory (grades «D», <E»).

The limitations of mathematical mo-

del (1) are as follows: g g
~ 2
R.P,Q > 0; N5
Q - max, Q, €[0.75+1.0]; @ 8
P, R — max.

At the same time, a high quality indica-
tor is considered when the positive result
within the session is at least 75 %.

In addition to the analysis of KPI indi-
cators, it is possible to apply a frontal survey
of students, which will make it possible to
determine the quality of distance learning
from the point of view of their judgments.
However, it is necessary to ensure the rep-
resentativeness of the sample for the student
survey. Representativeness can be deter-
mined by assessing the response rate, as well
as by using a double survey. To check the
results of a double survey, it is advisable to
define two indicators: representativeness and
non-response bias [17]:

2020-2021
academic year

2019-2020
academic year

1 course

Contingent 2 semester

Contingent 1 semester

Contingent 2 semester

Contingent 1 semester

Contingent 2 semester

Contingent 1 semester

M mag. 1 course

ing platform at NTU. More than 5,600 users, including more
than 300 university lecturers, are registered in the Moodle
environment (do.ntu.edu.ua).

The Moodle distance learning system introduced at the
National Transport University makes it possible to organize
a full-fledged distance learning process, to apply a system for
monitoring and evaluating students’ learning activities and
other necessary components of the virtual learning system.

In order to evaluate the effectiveness of the use of in-
formation and communication technologies in the imple-
mentation of control measures, an analysis of quality and
success was carried out according to KPI criteria during
three academic years. The assessment was carried out on the
example of the achievements of students of the Faculty of
Transport Construction at the National Transport Univer-
sity (Fig. 10, 11, Table 1).
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Deducted

Deducted

o
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Fig. 10. Dynamics of cohort at the Faculty of Transport Construction

2 course 3 course 4 course

where Y, and Y, are the average values of
the results for the groups of respondents and
non-respondents (indices 7 for respondents
and m for non-respondents); W, and W, are
the shares of groups in the combined sample.
There are conditions for these groups:

W +W, =1
Y =Y,

In particular, in a subsequent study
based on KPI indicators, an analysis of
the quality and success of students of the

Faculty of Transport Construction at the
National Transport University was con-

)

2021-2022 academic
year Success

2021-2022 academic
year Quality

=== mag. 1 course

2019-2020 academic
year Quality

2019-2020 academic
year Success

2020-2021 academic

year Quality

2020-2021 academic
year Success

ducted over three academic years. Fig. 11. Diagram of the quality and success by applicants

5. 3. Evaluation of the effectiveness of using informa-
tion and communication technologies in the implementa-
tion of control measures

In recent years, there has been a positive trend in the
growth of the number of users of the Moodle distance learn-

According to the data obtained from the analysis of co-
hort during the quarantine, the largest number of expelled
students was in the first years. This is related to the problems
of students’ adaptation to the educational process under new
conditions for them. In turn, for students studying in senior



courses, there were no significant problems with the transi-
tion to distance or mixed education. This is confirmed by the
analysis of plot of the quality and success by applicants, ac-
cording to which for 2021-2022 these indicators have actu-
ally leveled off for all courses. Accordingly, the optimization
problem in the form of (1) with restrictions (2), indicators (3),
according to the actual data in Table 1 and conditions (4),
a trend analysis was performed (Table 2).

A trend analysis of the indicators of the quality and suc-
cess by students over three academic years revealed that these
indicators have a tendency to improve. In particular, for the
2021-2022 academic year, the quality increased the most in the
third year of the bachelor’s degree by 6.8 %, the success rate in
this course — by 7.4 %. The smallest increase in the quality of
education took place in the fourth year of bachelors — by 1.16 %.
This is due to a natural decline in interest in learning, students’
concentration on writing a qualification paper and future em-
ployment. Such results confirm the effectiveness of the applied
algorithm during the performance of control measures as they
ensure the compliance of the optimization problem (1) with
constraints (2).

A survey of students in 2022 regarding the effectiveness of
online learning confirmed their high satisfaction with the qua-
lity of teaching of educational components. In particular, 27 %
of respondents assessed the quality of online classes as «excel-
lent», about 36 % — as «good», and 26 % recognized the level
of online teaching as «sufficient». About 11 % still consider the
level of distance learning <unsatisfactory», which is mostly re-
lated to problems of mastering information and communication
technologies, lack of communication and necessary computer
tools, problems of adaptation and self-organization.

Thus, it is possible to assert the gradual adaptation of
students to distance education and the effectiveness of using
the Moodle university platform for conducting control activ-
ities in engineering disciplines.

The introduced methodical approach to the final control
led to an increase in the quality and success of students,
which is confirmed by the analysis of analytical data for
the study periods, including the pre-quarantine traditional
approach to control measures.

Our analysis allows further development of measures to
solve the specified problems regarding the introduction of
mixed or distance learning at the university.

6. Discussion of results of verifying
the developed algorithm for the implementation
of control measures

The developed algorithm for conducting control mea-
sures (Fig. 2) is based on the use of the structure of a classic
ticket, which allows implementing an approach to the final
control that is closest to the traditional one. In contrast
to the proposals [4, 17], this algorithm allows more effec-
tive assessment of the acquired practical competencies
of engineering students. Thanks to the application of the
developed algorithm, the control measure can include a set
of different types of tasks (Fig.8), in contrast to similar
solutions [10, 11]. In particular, it is important for students
of engineering majors to perform graphic and calcula-
tion-graphic tasks and drawings (Fig.7), which was not
taken into account in study [13]. This methodical approach
to evaluating the results of control measures in practice
makes it possible to more realistically evaluate the knowledge
acquired by students during training. In turn, the use of the
proposed combination of information and communication
technologies ensures the identification of the student’s per-
sonality and the transparency of the control measure (Step 2,
Step 3). This minimizes the risks of academic dishonesty in
contrast to [8, 9].

Table 1

Information on the achieved indicators of quality and success by students, %

Academic 2019-2020 academic year 2020-2021 academic year 2021-2022 academic year

course Quality Success Quality Success Quality | Success
Bachelor’s Level

1 year 82.2 96.55 79.8 98.96 84.2 100.00

2 year 72.6 91.21 70.2 91.67 76.6 97.89

3 year 73.5 93.10 724 93.98 78.5 100.00

4 year 86.3 100.00 85.6 97.53 87.3 98.72
Master’s Level

1 year 92.4 93.33 92.8 93.75 | 94.4 100.00

Table 2
Trend analysis of indicators of quality and success by students, %
Academic Absolute quality deviation Rglgtive quality Absolute success deviation Relati\(e deviation in
course 2020/2021 and | 2021/2022 and | deviation 2021/2022 | 2020,/2021 and | 2021/2022 and | academic performance
2019,/2020 2019,/2020 t0 2019,/2020 2019,/2020 2019/2020 | 2021/2022 to 2019,/2020

Bachelor’s level

1 year -2.4 2 2433 2.41 3.45 3.571

2 year -2.4 4 5.510 0.46 6.69 7330

3 year -11 5 6.803 0.87 6.90 7.407

4 year -0.7 1 1.159 —2.47 -1.28 -1282
Bachelor’s level

1 year 0.4 2 2.165 0.42 6.67 7.143




A methodology for evaluating the effectiveness of the
developed algorithm is proposed, which is based on the prac-
tical use of the KPI approach (1), (2), or Peter Drucker’s KPI
methodology. Three main KPIs were applied (1): academic
performance (achieved); students’ performance during the
session; achieved quality.

This algorithm and the procedure for evaluating its effec-
tiveness were applied to engineering students. The results of
the assessment of KPI indicators (Table 1, Fig. 11, Table 2)
showed that the quality increased the most in the third year
of the bachelor’s degree (by 6.8 %), while the success rate in
this course increased by 7.4 % (Table 2). The smallest increase
in the quality of education was recorded in the fourth year of
bachelors — by 1.16 %. However, since there is a tendency to
increase KPI indicators during the analyzed three academic
years, it is possible to draw a conclusion about the effectiveness
of using the proposed algorithm for the implementation of con-
trol measures.

The limitations of using the algorithm for the implementa-
tion of control measures using information and communication
technologies are the insufficient level of provision of students
with technical means. Also, as practice has shown, lecturers
need more time to prepare digitized calculation and graphic
tasks for tickets. The further development of this study is to ex-
pand the possibilities of evaluating the acquired competencies
by using automated recognition of students’ emotional state.

A promising direction of this research is the implementation
of the developed algorithm for the implementation of control
measures at other faculties and technical universities in Ukraine
or other countries. This could make it possible to adapt the stu-
dent to the online form of final control, similar to the traditional
one, which will ensure the achievement of programmatic learn-
ing outcomes of engineering educational components.

According to the results of our research, there was a need
to rebuild and further improve training courses in Moodle,
taking into account the developed authentic algorithm.

In the future, it is necessary to expand the possibilities of
the Moodle university platform to ensure the work of a large
number of users, as well as to implement the interaction
of the Moodle distance learning platform with electronic
systems for supporting the educational process, automated
recognition of the emotional state of students.

Also, promising research areas are the development of
measures to implement this algorithm taking into account
the characteristics of various technical specialties.

engineering students. This algorithm is based on the use of
the structure of a classic examination ticket, which includes
theoretical questions and practical tasks and is implemented
using the Moodle distance learning platform. To implement
the developed algorithm in Moodle, a test task template of
the «essay» type is used in combination with synchronous
protection of the answer using a video conference.

2. To evaluate the effectiveness of the algorithm, a method
based on the use of the KPI procedure is suggested. Three
KPI indicators are taken as a basis: academic result, success of
students during the session, achieved quality. In parallel with
the evaluation of the effectiveness of the algorithm according
to KPI indicators, a frontal survey of students was conducted.
That made it possible to additionally analyze the results of
the implementation of the algorithm from the point of view of
students’ judgments regarding the quality of education.

3. The possibilities of using our algorithm were tested
on the example of the Faculty of Transport Construction at
the National Transport University. It has been proven that
in practice the algorithm is an effective tool for the imple-
mentation of control measures. This makes it possible to
improve the quality of the final assessment, providing equal
conditions for students and involving the optimal set of
tools to this end. The analyzed indicators of the quality and
success of students confirmed the adequacy of the proposed
algorithm since when it is applied, their gradual adaptation
to conducting control measures in a remote form is observed.
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