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Abstract. Today there is a significant demand for improving the quality of the educational
process in higher education institutions, in particular, through the improvement of principles
and methods of teaching various sciences by enhancing the practical skills of students and
graduate students. The implementation of this task is particularly difficult in the context of
distance learning (for full-time and part-time) and blended learning. This study corresponds
to the current direction, as it concerns the study of the possibilities and feasibility of using
additional tools for teaching disciplines within NoSQL. Paper’s focus is on the justification of
the use as an additional tool of a number of massive open online courses (MOOC) distance
learning platforms, a comparative analysis of a number of platforms for their compliance with
the established criteria. Examples of using MOOC MongoDB University within the discipline
“Organization of NoSQL databases” are given. To confirm the facts of the expediency of using
MOOC as an additional tool in blended learning and distance learning mode, the data of the
survey of students are presented.

1. Introduction
Modern university science in Ukraine is aimed at training highly professional specialists in
various fields, developing the scientific potential of the country through the formation of relevant
competencies of applicants at I–III levels of higher education, creating conditions to ensure the
possibility of “lifelong learning” for effective self-realization. The basis of the modern paradigm
of higher education is the need to form a culture of intellectual activity, which, among other
things, involves: the acquisition of skills and abilities to adapt to the external environment and
the changes that occur in it; development of the innovative type of thinking; the desire to learn.
The above is relevant for both applicants for higher education and institutions that provide
educational services.
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The reality of recent years is that the need to transform the ways and methods of organizing
the educational process has become a challenge for all, without exception, higher education
institutions (HEIs) around the world. The transition to distance learning [1–3], and later –
blended learning [4, 5], has given impetus to the active development in the market of various
educational platforms, software for organizing conferences, platforms for storing educational
content and video hosting, etc. In addition, it became clear that the organization of the
educational process in distance mode or blended form requires not only the availability of
appropriate software and hardware resources but also requires consideration of the specifics
of training higher education, including specialties and educational qualifications, specifics of
educational-professional (educational and scientific) programs, the profile of HEIs, the expected
learning outcomes.

The study of databases (DB) is a mandatory component of the training of specialists in various
specialties and fields of knowledge in the context of the concept of Industry 4.0. Databases are
part of a number of digital technologies, such as mobile applications [6], GIS [7], multimedia [8],
Grid and Smart technologies [9], Artificial Intelligence [10], etc. According to Complete Ranking,
prepared by DB-Engines [11], in December 2020 the most common DB in the world were (by
rating’s place): 1) Oracle, 2) MySQL, 3) Microsoft SQL Server, 4) PostgreSQL, 5) MongoDB,
6) IBM Db2, 7) Redis, 8) Elasticsearch, 9) SQLite, 10) Cassandra. From the presented list 6
objects belong to the Relational DB class, and 4 – NoSQL (MongoDB, Redis, Elasticsearch,
Cassandra), and NoSQL databases show the upward dynamics of popularity for the last few
years in a row, as shown in figure 1.

Figure 1. World popularity rating of modern databases according to DB-Engines [12].

For example, the familiar platform for distance learning Moodle [13] can work on the basis of
database servers such as MySQL/MariaDB, MongoDB, PostgreSQL, CouchDB, Microsoft SQL
Server [14].

These data show that NoSQL databases are important in the IT market, as the modern
digital world and modern technologies, for the most part, require the operation of large amounts
of unstructured data, support for simultaneous operation of a large number of users, horizontal
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scaling, application of cloud technologies, ensuring a high level of performance, fault tolerance
and reliability [15]. Changes in global trends in IT and databases, in particular, require constant
updating of curricula of free economic zones and research institutions to prepare students
and graduate students, especially for specialties whose future professionals must master the
professional competencies of working with NoSQL databases. In addition, given the current
challenges to the higher education system, it is necessary to change approaches to teaching
disciplines related to the study of NoSQL databases, in the direction of using a wide range
of software tools to improve the quality of teaching in distance learning and blended learning,
which is confirmed by the results of the study presented below.

2. Literature survey
The issue of the introduction of modern digital technologies in the educational process of HEIs
and research institutions, which increase motivation to study, stimulate students and graduate
students to acquire new knowledge and skills, is not new, but now – is quite common and
relevant. Various aspects of the application of digital technologies in the training of students
and spirants are described in [16–26] and others papers.

Thus, in recent publications [27–33] more and more often the subject of consideration are the
problems of effective organization of various learning technologies (e-Learning, mobile learning,
blended learning) using online tools, analyze the possibility of transition to specialized platforms
for distance learning (Moodle, Google Classroom, iSpring Online, etc.), evaluates the feasibility
and effectiveness of their use.

Given the level of penetration of online tools into the learning process are distinguished
(by model): traditional, distance, and blended learning [34]. If earlier scientific discussions
revolved around the expediency or inexpediency of distance education in the practice of HEIs
and research institutions, then, in a global pandemic, blended learning has become a new norm of
teaching and learning around the world [35,36]. In particular, the study [37] emphasizes that in
comparison with exclusively traditional or exclusively distance learning, blended – shows greater
effectiveness because it combines the best features of the previous ones. The use of modern
online tools for blended learning allows to support the educational process 24/7, increases the
involvement and motivation of students and graduate students, accelerates the development of
professional competencies, and forms actual skills for the 21st century [38].

Regarding online technologies, the research of the author’s team [39] gives grounds to identify
the following key groups of such technologies:

• MOOC platforms (Coursera, edX, Codecademy, Udacity, Khan Academy, HTML Academy,
etc.);

• learning management systems – LMS (Moodle, webTutor, iSpring, Canvas, Office 365, etc.);

• online programming judge systems – tools for organizing and supporting various
competitions (competitions, quizzes, hackathons, etc.), such as UVa Online Judge, Google
Code Jam, E-Olymp, etc.;

• online coding platform – tools for learning and honing knowledge of programming languages
(Leetcode, Hackerrank, Freecodecamp, etc.);

• knowledge assessment tools – various platforms for assessment and testing (Classtime,
Kahoot, Onlinetestpad, LearningApps, etc.);

• tools of online communication and video conferencing (Zoom, Google Meets, Skype, MS
Teems, BigBlueButton, etc.).

As known, the platforms of Massive Open Online Courses (abbreviated as MOOC) are
distance learning platforms that contain training courses, which usually include theoretical
and practical components of future training, as well as tools for intermediate and/or final
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control. The issue of improving the efficiency of the educational process in HEIs and research
institutions using MOOC platforms, in particular, such as Coursera, edX, FutureLearn, is
covered in [24,40–55].

Features of design, architecture, query language SQL database, and the question of their use
in the training of specialists in various specialties are considered in the following publications
[16–19,56–61].

In [56] the problem of using a cloud-oriented environment in the training of databases of
future computer science teachers is investigated. The choice of cloud-based tools for training
databases is substantiated. A model of using a cloud-oriented environment in database training
has been developed. Guidelines are provided to teachers on the use of cloud-based distance
learning systems, in particular Canvas in database learning.

The need to introduce into the curriculum of training specialists in various specialties of
disciplines that study the principles of working with various databases NoSQL is emphasized
in [62]. In this context, it seems interesting to experience the development of its own platform
for the implementation of a distance learning system of students based on NoSQL databases
(MongoDB, CouchDB) described in [14]. The purpose of this project was to provide engineering
students the opportunity to combine practical and theoretical aspects of the study of NoSQL
databases. The paper describes the mechanism of setting up the interaction of LMS Moodle and
NoSQL databases, as well as the principles of implementation of training modules that allow
you to interact with NoSQL DB in the framework of learning tasks on an interactive basis.

Analysis of the practice of distance learning, presented in [63], showed that the work of
students on asynchronous platforms such as Moodle, Canvas, Blackboard Collaborate negatively
affects the success of the learning process, as most information must be learned independently
(without proper interactive interaction with the teacher). This gives grounds to talk about
the feasibility of using a mixed form of organization of the educational process, which provides
physical participation of the teacher in the learning process, in which lectures are held online, as
well as part of practical and laboratory classes – online, where students can ask questions and
get an answer right away. In addition, a number of studies [63, 64] emphasize the importance
of a sound approach to the teacher’s choice of online technologies and their inclusion in their
training course. It is important to assess the current level of motivation of students (determine
their expectations), to find out the basic technical skills of working with planned online tools
to determine the necessary balance between the amount of asynchronous and synchronous work
with students.

Based on the above, the purpose of this study is to substantiate the feasibility of using
MOOCs as an additional learning tool in disciplines related to NoSQL DB in blended learning
and full-time (part-time) higher education in distance learning.

3. Current work
NoSQL is a new generation of databases characterized by models and technologies of operation,
different from traditional relational models. They arose as a reaction to the existing problems
of traditional SQL databases. The term NoSQL refers to databases whose models are non-
relational. Characteristic features of such DB are:

• Lack of SQL query language and mechanism to support transactions with ACID
requirements. NoSQL databases support BASE requirements.

• Work in a distributed environment.

• Horizontal scaling.

• Ability to process aggregated, unstructured, non-normalized big data.

• Lack of rigid data storage schemes.
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There is currently no clearly defined classification of these DBs. Most scientists agree that all
NoSQL databases can be divided into four groups (according to the data organization model):
Key/Value, Tabular Column-oriented, Document-oriented, and Graph Databases [65,66]. Each
of these data models is characterized by structural and technological features that should
be introduced to students and graduate students. However, unlike relational models, the
implementation of the same type of NoSQL database model can have significant technological
features and even structural differences depending on the DBMS that supports it. This
complicates the work of the teacher with its variability, does not allow to fully consider all
aspects of working with NoSQL DB within the relevant course. Therefore, the study of a
specific type of NoSQL DB must be supplemented, for example, by the use as an additional
learning tool MOOCs platforms.

Indicative, in our opinion, is the experience of using MOOCs in the study of disciplines
related to DB NoSQL in Kyiv National Economic University named after Vadym Hetman (or
abbreviated – KNEU). In this HEI the discipline “Organization of NoSQL databases” [67]
is taught at the first (bachelor’s) level of higher education since 2018 and has undergone a
number of evolutionary transformations in the context of the transition from traditional learning
(2018/19 academic year) to distance (2019/20 academic year), and later blended learning and
distance learning (2020/21 academic year), as shown in figure 2. In G.E. Pukhov Institute for
Modeling in Energy Engineering of NAS of Ukraine prepares masters and graduate students in
the specialty 122 “Computer Science” in the field of knowledge 12 “Information Technology”.
Therefore, the issue of updating the content and operational components of academic disciplines
related to the design and study of databases is also relevant. The experience of KNEU on
the use of MOOC in the training of future specialists by the authors of the article will be
extended to various institutions, including National Aviation University, Interregional Academy
of Personnel Management, National University of Civil Defence of Ukraine and State Institution
“The Institute of Environmental Geochemistry of National Academy of Sciences of Ukraine”.

Figure 2. Transformation of the discipline “Organization of NoSQL databases” according to
different models of learning organization.

At the stage of organizing the study according to the traditional scheme, the course included
the presentation of educational material according to the standard scheme: lectures were
conducted in class with a PC and a projector to present presentation materials; practical classes
and laboratory work were held in computer classrooms (the teacher offered tasks, provided oral
recommendations for implementation and instructions for laboratory or practical work).

The need to move to distance learning has forced teachers of the discipline to reconsider the
principles of teaching the material and look for ways to provide work online. Yes, it was decided
to use Google Meet as a tool for video communication of teachers, students, and graduate
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students (KNEU has a corporate license for the G Suite for Education package).
Also, within the requirements for the implementation of the Order of the Rector of KNEU,

the transition was made to the use of LMS Moodle as a basic platform for distance learning of
full-time and part-time students of higher education.

In the current academic year, the approach to the organization of education was changed
again, which was caused by the task of organizing blended learning for full-time and part-time
higher education at all levels within the internal regulations of KNEU. The experience gained
during the organization of e-Learning showed that the effectiveness of training has decreased.
The reasons for this were a significant number of factors, among the main ones are stress from
the emergency transition to e-Learning for both teachers and students; partial lack of technical
skills in working with Moodle; unpreparedness of students for a high level of workload due
to a significant amount of independent work and asynchronous mode of obtaining knowledge
(communication with the teacher took place either during lectures or individually by e-mail or
other means of communication). These aspects correlate with the results of studies [63, 64],
covered in section 2 of this study. Given the experience gained, it was decided to conditionally
adhere to the principle of “50/50” during the organization of blended learning, ie approximately
50% of the study time allotted for mastering the discipline should take place in synchronous
mode – contact work, the other – in asynchronous. During September-October 2020, the work
took place as follows:

• all lectures were held online using cloud video services according to the schedule;

• practical classes and laboratory work in each discipline were conducted according to the
following scheme: every two weeks 1 class was held in the classrooms of KNEU (synchronous
mode), 1 class – using cloud services of video communication according to the schedule
(synchronous mode);

• the rest of the classes were conducted asynchronously through a distance course of the
discipline, posted on the Moodle platform.

However, with the transition of Kyiv to the “orange” quarantine zone, blended learning
switched to distance learning. What has changed? Contact classes from the audience were
moved to a virtual environment, but with the preservation of the aspect of synchronicity of
interaction (figure 3).

In addition, there was a question of ensuring the adequacy of students’ knowledge during the
mastering of the discipline “Organization of NoSQL databases” within the limited time allocated
by the curriculum (5 credits), given the fact that the IT market has a significant variety of NoSQL
DB, each type and model data in them – have significant technological features, as noted above.
Based on previous research, in particular [39], teachers decided on the need for optional (if
needed by students) expansion of the course through the use of MOOC platforms. This practice
also falls within the framework of the recommendations of the Ministry of Education and Science
of Ukraine on the recognition of non-formal learning outcomes.

To select online courses that are potentially relevant to the curriculum of the discipline
“Organization of NoSQL databases”, an analysis of existing MOOC platforms was conducted
using the web resource MOOC-LIST [68], the results of which are presented in table 1, based
on the basic circumstances in the course DB NoSQL defined:

• Document-Oriented – MongoDB;

• Graph Databases – Neo4j;

• Key/Value – Redis;

• Tabular Column-oriented – Cassandra.
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Figure 3. Time distribution between synchronous and asynchronous modes of operation within
the distance learning mode.

The presented data show that the presented MOOCs contain courses on various aspects of
NoSQL in a fairly wide range. In order to select the most appropriate objectives for the MOOC
course, several criteria were established:

• no cost for the course;

• the possibility of obtaining a certificate free of charge for the results of mastering the course
(according to the rules, the certificate is the basis for recognition of the results of non-formal
learning);

• the MOOC must contain a course related to one or more basic DB NoSQL courses;

• language of instruction – English, because it is the most pragmatic option both in terms of
students’ understanding of the material and in terms of soft-skills development;

• training period – should not exceed 2 months (ideally – a few weeks).

Thus, the Udemy, LinkedIn Learning Courses, and edX platforms were rejected due to the
provision of services and/or certification on a paid basis. But Coursera has opened access to
online courses for students and teachers of KNEU under the program Coursera for Campus
(Basic plan). Educational MOOCs from NoSQL vendors are essentially open and accessible
and are well suited to the task of deepening knowledge and skills of working with NoSQL DB
in students within the discipline “Organization of NoSQL databases”. For example, MongoDB
University offers a wide range of basic courses to study various aspects of MongoDB. Students,
depending on the level of their motivation and pedagogical tasks are offered the following:
M001: MongoDB Basics, M100: MongoDB for SQL Pros, M201: MongoDB Performance. For
completing the current tasks of the online course, the student receives points, similar to the
usual educational process in HEI (figure 4).

As a final control, MongoDB University offers to pass the Exam in the form of a test, which
contains both theoretical questions and practical tasks to be performed in MongoDB and choose,
based on the results, the correct version of the proposed. The overall grade for the course is the
average between the scores of the current performance and the results of the Exam (figure 5).
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Table 1. Comparative characteristics of individual MOOC platforms containing online courses
with NoSQL.

Categories
/ MOOC

Udemy
[69]

edX [70] Coursera
[71]

LinkedIn
Learning
Courses
[72]

Redis
Univer-
sity [73]

Nedo4j
grapha-
cademy
[74]

MongoDB
Univer-
sity [75]

Nomencla-
ture DB

MongoDB,
Neo4j,
Apache
Spark,
Hadoop,
Redis,
Cas-
sandra,
HBase,
IBM
Cloudant

DynamoDB,
Mon-
goDB,
IBM
Cloudant

MongoDB,
Dy-
namoDB,
Apache
Spark,
Neo4j,
Hadoop,
Redis,
Cassandra

Cassandra,
Mon-
goDB,
Redis,
CouchDB,
Riak et

Redis Neo4j MongoDB

Available
courses
NoSql:

12 8 35 160 7 11 13

beginners 8 2 11 29 1 3 4
intermediate 3 3 6 92 5 5 6
advanced
users

1 3 12 39 1 3 3

Free of
charge

– almost all + 1-month
free trial

+ + +

Certificate included
in the
price

payment
required

for free included
in the
price

free cer-
tification
exams

free cer-
tification
exams

for free

Period of
study

no time
limit

4 months from 2
hrs till 4
months

from 2
months

1 months from 2 hrs
till 2 days

2 months

Language English,
Spanish,
Por-
tuguese,
Chinese

English,
Chinese

English,
Spanish,
French,
Russian,
Por-
tuguese,
Chinese

English English English English

Based on the overall score, if the student has mastered the course program and passed at
least 65% of the course grade, MongoDB University provides a certificate – Proof of completion,
which can be printed or shared on social networks such as Facebook or LinkedIn.
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Figure 4. Examples of tasks in online courses at MongoDB University [75].
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Figure 5. The results of the course M001: MongoDB Basics [75].

4. Results
To analyze the effectiveness of innovations in the transformation of the discipline “Organization
of NoSQL databases”, during November-December 2020, an anonymous survey was conducted
among students of 3–6 courses (https://forms.gle/bWK9zaubqL4e64eR9). The distribution of
respondents is presented in figure 6. The data obtained indicate several important results:

• by the time students studied the discipline “Organization of NoSQL databases”, 55.9%
of them had already encountered the concept of NoSQL (at work, during training, self-
education, etc.);

• 26.5% of students, before studying the discipline “Organization of NoSQL databases” tried
to search for online courses and study;

• 76.5% of respondents consider studying this course within the educational and professional
program – useful and important, and 44.1% – necessary for a career in IT;

• 52.9% expressed a desire to take an additional (in-depth) course related to DB NoSQL (in
particular, to study the processes of administration, integration, etc.);

• 85.3% stated that in this course it is important for them to gain knowledge of a practical
nature (query language, syntax, creation, and filling of DB);

• 26.5% of students find it useful to take additional courses at MOOC Coursera, 36.2% –
MOOC from vendors, in particular: MongoDB University, Nedo4j graphacademy, Redis
University; others noted that they had enough practice material to provide the course
(17.6%) and expected to gain more knowledge in the workplace (19.7%);

• 38.2% of students determined that they consider the use of MOOC as an additional learning
tool useful for them (figure 7). But here it is worth paying attention to the fact that 44.1%
of students note the overload of education, which should definitely be taken into account.

Therefore, the presented results give us reason to believe that the use of MOOCs as an
additional learning tool for disciplines related to NoSQL DB in blended learning and distance
learning is appropriate, which is also confirmed by the results of the survey. Obviously, the best
way to learn the structures of the query language and the principles of operation of a particular
NoSQL DB – practical work with them, designing a real DB and query processing. The current
limitations of blended and distance learning don’t allow for the training of the required skills
within the training time exclusively, so it is important to use additional learning tools. At the
same time, the problem of overload, which is caused by the increase in study time required to
acquire additional knowledge, is also a task that the author’s team still needs to deal with.

5. Conclusion
The new reality of the higher education system is blended learning and distance learning, in
which part of the time allotted by the curriculum for mastering disciplines should be spent in
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Figure 6. Structure of respondents who took part in the survey (total number – 64 people).

Figure 7. Respondents’ level of satisfaction with the use of MOOC as an additional learning
tool (total number – 64 people).

synchronous mode (i.e. in interactive interaction “teacher – student” either classroom or virtual),
the other – asynchronous. Accordingly, there is a rapid development of software products and
online tools e-Learning of various orientations (MOOC, LMS, online programming judge system,
online coding platform, etc.). In addition, the organization of the educational process in distance
or blended form requires consideration of the specifics of training higher education, taking into
account specialties, specifics of educational programs, expected learning outcomes, and, last but
not least, the demands of employers. In this context, it is important and relevant for graduates of
different levels and specialties to master the skills of working with NoSQL DB and, accordingly,
the inclusion in the curriculum of disciplines that shape them.

Analysis of the results of research by various authors has shown that the use of online tools for
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blended learning is appropriate and justified. In particular, scientists argue that it is appropriate
to use, for example, MOOC in training courses for students of various specialties, including
engineering and computer specialties. However, the research also emphasizes that important
prerequisites for the effective use of MOOC in the practice of HEIs and research institutions
should be: 1) maintaining a balance between asynchronous and synchronous regimes of the
educational process; 2) the use of MOOC in the educational process must be preceded by a
justification for such a choice.

The authors of the publication consider the experience of using MOOC in the study of the
discipline “Organization of NoSQL databases”, taught in Kyiv National Economic University
named after Vadym Hetman. It is shown how the change of teaching models has influenced
the transformation of ways of presenting information by teachers to students, the inclusion in
the educational process of additional online tools, including a number of MOOCs. Based on
the results of a comparative analysis of distance learning platforms containing courses related
to DB NoSQL, it was determined that Coursera, MongoDB University, Redis University, and
Nedo4j graphacademy will be the most optimal for teaching this course. This experience has
been useful in the context of updating the content and operational components of academic
disciplines related to the design and study of databases for G.E. Pukhov Institute for Modeling in
Energy Engineering of NAS of Ukraine, it is expected to spread to various institutions, including
the National Aviation University, Interregional Academy of Personnel Management, National
University of Civil Defence of Ukraine and State Institution “The Institute of Environmental
Geochemistry of the National Academy of Sciences of Ukraine”.

A survey of students who studied the discipline “Organization of NoSQL databases” in
different years showed a high level of satisfaction with the possibility of acquiring professional
competencies, including through the use of MOOC as an additional online learning tool. On the
other hand, the survey data showed a high level of concern of students about the increase in the
level of study load in the case of decisions on the use of MOOC as an additional online tool for
developing skills in working with NoSQL DB. This issue is important, debatable, and therefore
requires further study and search for possible solutions.

References
[1] Shokaliuk S, Bohunenko Y, Lovianova I and Shyshkina M 2020 CEUR Workshop Proceedings 2643 548–562

ISSN 16130073
[2] Syvyi M, Mazbayev O, Varakuta O, Panteleeva N and Bondarenko O 2020 CEUR Workshop Proceedings

2731 369–382 ISSN 16130073
[3] Bobyliev D Y and Vihrova E V 2021 Journal of Physics: Conference Series 1840 012002 URL

https://doi.org/10.1088/1742-6596/1840/1/012002

[4] Bondarenko O, Mantulenko S and Pikilnyak A 2018 CEUR Workshop Proceedings 2257 182–191 ISSN
16130073

[5] Polhun K, Kramarenko T, Maloivan M and Tomilina A 2021 Journal of Physics: Conference Series 1840
012053 URL https://doi.org/10.1088/1742-6596/1840/1/012053

[6] Modlo Y, Semerikov S, Nechypurenko P, Bondarevskyi S, Bondarevska O and Tolmachev S 2019 CEUR
Workshop Proceedings 2433 413–428 ISSN 16130073

[7] Kholoshyn I, Bondarenko O, Hanchuk O and Shmeltser E 2019 CEUR Workshop Proceedings 2433 403–412
ISSN 16130073

[8] Tkachuk V, Yechkalo Y, Semerikov S, Kislova M and Khotskina V 2020 CEUR Workshop Proceedings 2732
1217–1232 ISSN 16130073

[9] Semerikov S O, Striuk A M, Vakaliuk T A and Morozov A V 2021 CEUR Workshop Proceedings 2850 1–15
URL http://ceur-ws.org/Vol-2850/paper0.pdf

[10] Haranin O and Moiseienko N 2018 CEUR Workshop Proceedings 2292 143–150 ISSN 16130073
[11] solid IT gmbh 2021 DB-Engines Ranking URL https://db-engines.com/en/ranking

[12] solid IT gmbh 2021 DB-Engines Ranking - Trend Popularity URL
https://db-engines.com/en/ranking trend

[13] Mintii I, Shokaliuk S, Vakaliuk T, Mintii M and Soloviev V 2019 CEUR Workshop Proceedings 2433 529–540
ISSN 16130073



ICon-MaSTEd 2021
Journal of Physics: Conference Series 1946 (2021) 012011

IOP Publishing
doi:10.1088/1742-6596/1946/1/012011

13

[14] Werner A and Bach M 2018 Man-Machine Interactions 5 ed Gruca A, Czachórski T, Harezlak K, Kozielski
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