DOI: 10.33407/itlt.v91i5.4944 ISSN: 2076-8184. Information Technologies and Learning Tools, 2022, Vol 91, Ne5.

UDC 378.225: 004.04

Olena H. Kuzminska

Doctor of Pedagogical Sciences, Professor, Professor at Information Systems and Technologies Department
National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine

ORCID ID 0000-0002-8849-9648

0.kuzminska@nubip.edu.ua

Mariia S. Mazorchuk

Candidate of Technical Sciences, Docent, Associate Professor of Theoretical and Applied Systems Engineering
Department

V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

ORCID ID 0000-0002-4416-8361

mariia.mazorchuk@karazin.ua

Olha V. Barna

PhD of Pedagogical Sciences, Associate Professor at the Department of Informatics and Methods of its Teaching
Ternopil Volodymyr Hnatiuk National Pedagogical University, Ternopil, Ukraine

ORCID ID 0000-0002-2954-9692

barna@tnpu.edu.ua

Sergiy I. Sydorenko

PhD in Philology, Associate Professor, Head of the English Philology and Translation Department
National Aviation University, Kyiv, Ukraine

ORCID ID 0000-0001-7265-559X

svsydorenko@gmail.com

BIBLIOMETRIC ANALYSIS IN DETERMINING THE RESEARCH DIRECTIONS
OF EARLY CAREER RESEARCHERS

Abstract. The paper offers an overview of publications on the use of bibliometric analysis in various
scientific studies. It was found out that the use of the scientific mapping tool to carry out such
analysis at the stage of identifying early career scientists’ research directions has not been previously
explored. A sample statistical survey of 68 supervisors of Master’s research from the National
University of Life and Environmental Sciences of Ukraine and Ternopil Volodymyr Hnatiuk
National Pedagogical University revealed that research supervisors with little experience, as well as
supervisors in the field of social sciences and the humanities, lag behind in the use of channels and
tools of modern digital scholarly communications. It is suggested that the use of built-in tools of
bibliometric systems for systematic analysis aimed at determining the directions of Master’s
research will contribute to the quality of Master’s theses, and hence to the development of university
science in the context of its integration into the global research space. The authors propose a case of
applying scientific mapping for the queries for search of scientific publications in Scopus and Web
of Science (WOS) scientometric databases, based on the research areas of the Department of
Informatics and Methods of Its Teaching of Ternopil Volodymyr Hnatiuk National Pedagogical
University. The paper describes approaches to the use of VOSviewer to produce terminological
maps based on concepts occurring in the titles, keywords and abstracts of the relevant sets of
scientific publications. Since the Department offers Master’s programs for students majoring both
in Education/Pedagogy (014 Secondary Education (Informatics)) and Information Technology (122
Computer Science), on the basis of the analysis of links in thesauri from the Web of Science and
Scopus data sets the authors identified research directions and provided examples of research themes
for Master’s theses majoring in Educational Technology and Information Technology, respectively.
The results of the conducted survey and in-depth interviews with Master’s students’ research
supervisors showed the expediency of expanding the pedagogical experiment aimed at the
development of the methods of systematic literature review at various stages of working on a
Master’s thesis, involving the use of a wide range of bibliographic analysis tools. The results
presented in the paper can be useful both for early career researchers and their research supervisors.

Keywords: bibliometric analysis; bibliometric science mapping; early career researchers; Master’s
thesis; review, high education.
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1. INTRODUCTION

Statement problem. The research potential of higher education institutions is commonly
linked to the research output of their academic staff. Early career scientists can not only rapidly
integrate into the common research space, but also become catalysts for the development of
science both at the level of their educational institution and their country and at the level of
individual reseach, provided that there exist strong institutional scientific schools and well-
developed digital educational [1] and scientific environments focusing on digitalization of
research and communication [2], and on condition that these researchers are fully involved in
the implementation of relevant scientific projects, including international ones, and in
specialized training [3]. It should be noted that most studies define early career
scientists/researchers as PhD students [4, 5], but research for Master’s degrees [6] and the
formation of Master’s students’ research competencies [7, 8] have not received sufficient
attention.

Formation of students’ research competencies is an essential component of Master’s
programs, which is above all realized in the process of carrying out actual research and scientific
communication [9]. Formation of these competencies in the process of studying specific
academic courses is less effective [4]. In this context, the issues related to choosing research
topics and substantiation of research directions of early career scientists in general, and Master’s
students in particular, come to the foreground. Here, the leading role obviously belongs to
research supervisors, who have a decisive voice in choosing their students’ research topics,
setting research goals and selecting methods and tools for attaining them.

Bibliometric analysis is a tool for studying research output (knowledge) in general and
the results of scientific communication in particular [10]. According to the authors, the results
of such analysis can be used both in assessing the impact of research and authors on the
development of science, and in the process of choosing research directions for early career
scientists. Therefore, the problem of the use of bibliometric analysis to identify early career
scientists’ research directions calls for a detailed study and development of adequate approaches
and methods to address it.

Analysis of the recent research and publications. Today, bibliometric analysis as an
approach to systematic review which uses descriptive statistics when comparing scientific
literature in a particular field [11] is quite widely used. For instance, Carmen Rodriguez Jiménez
et al. use bibliometric analysis to study the development of educational technologies in higher
education based on the relevant research output contained in the Web of Science database [12].
The relevance of this issue is confirmed by the fact that in 2021 researchers from Turkey also
carried out a trend study of educational technologies via bibliographic mapping, using
VOSviewer as a bibliographic mapping tool [13].

The experience of using bibliometric analysis to assess the impact of scientific journal
publications is presented in [14]. For their analysis, the German researchers used publishers’
information, as well as reference data (such as citations and authors’ geographic location) from
the Web of Science. Another example of the use of bibliometric analysis to facilitate the
development of science is given in [15]. The authors used specialized software (Pajek — to edit
graphs and visualize the graphical structure of co-authorship using Kamada-Kawai method, and
VOSviewer — to create network maps) to monitor the implementation of the international
research project IRNet.

An analysis of research in a specific subject area (in this case, evolution of waste recycling
research) by means of Clusterization and Mapping is offered in [16]; bibliometric analysis for
performance measurement in business, management and accounting subject area is used in [17],
bibliometric analysis in Industry 4.0 — in [18]. J. B. Alvarado et al. presented pros and cons of
the different analysis methods, and a review of the corresponding tools [18]. In the context of
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our study, of particular value is the substantiation of the use of VOSviewer for Keyword co-
occurrence analysis and Science Mapping / Network analysis, and Scopus and the WoS as
academic databases.

The choice of a publication database and tools for applying various methods of
bibliometric analysis depends not only on the goals of a particular research, but is also guided
by the specifics of using bibliometrics in different research areas. Thus, S. Nazarovets in [19]
presented a comprehensive analysis of the specifics of using bibliometrics in social sciences
and the humanities in comparison with the natural sciences. The specificity is explained by the
fact that researchers in social sciences and the humanities actively use in their research various
languages, types of publications and citation practices. In addition, it should be borne in mind
that publishing behavior in non-native English-speaking European countries does not only
depend on the field of research but is also closely linked to the country’s cultural and historical
heritage [20]. This fact should also be taken into account when identifying research directions
in a particular field in the process of formulating early career scientists’ research tasks.

With few, as it is, papers on the use of bibliometric analysis in general [21], and Scientific
Mapping in particular [22], to examine the characteristics and topical foci of early career
scientists’ studies, we have not found any comprehensive works featuring the use of
bibliometric analysis at the stage of identifying early career scientists’ research directions.

To fill this gap, the purpose of this paper is to analyze research trends related to the
research areas of a particular academic department, by conducting bibliometric and network
analysis. We also aim to make a new contribution by developing the methods of applying
bibliometric analysis to determine Master’s students’ research directions.

Obijectives of the study:

1. To determine the position of Master’s students’ research supervisors in Ukraine’s
institutions of higher education on keeping their students’ research directions in various
research areas up-to-date and relevant.

2. To develop the methods of applying bibliometric analysis to determine Master’s
students’ research directions and verify the expediency of its use (from the standpoint of
Master’s theses supervisors), with the aim of raising the quality preparation of Master's research
and contributing to the development of university science in the context of its integration into
global research space.

2. RESEARCH METHODOLOGY

The primary basis of our research is methodological foundations of literature review
process as a research method [23], and the experience of using VOSviewer for science mapping
[15].

To identify the approaches to the choice and substantiation of early career scientists’
research directions, in our case the topics of Master’s theses (research objective 1), we used a
sample statistical survey as one of the methods of monitoring and evaluating the effectiveness
of educational projects according to J. Tames and J. Miller [24].

In view of the leading role of research supervisors, we developed an electronic form
(https://forms.gle/k1BU2AkhV4jKgKFY A) and conducted a survey among academic staff of
two higher education institutions in Ukraine. This being the first study of such kind, it involved
a relatively small number of respondents, 68 academics from National University of Life and
Environmental Sciences of Ukraine and Ternopil Volodymyr Hnatiuk National Pedagogical
University, which somewhat limits the scope of the study. Nevertheless, the survey sample
gives the possibility to draw certain conclusions about existing trends and patterns, and can be
expanded, if required, in further pedagogical experiments. The analysis of the contextual
characteristics of the survey participants shows an even distribution of the sample population
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in terms of the areas of the respondents’ research (30.9% of the respondents represent natural
sciences; 35.3% — technical sciences; 33.8% — social sciences and the humanities) and their
experience in supervising Master’s theses (52.9% of the respondents are experienced
supervisors, i.e. they have been acting in this capacity for more than 10 years; 23.5% have from
5 to 10 years of such experience; 23.6% have the experience of up to 5 years). The data give us
reasonable grounds to assume that the results of our study on the approaches to and tools for
selecting topics for Master’s theses can be scaled up for a larger population of respondents.

To determine the academics’ approaches to identifying early career scientists’ research
directions, namely, formulating topics of Master’s students’ theses, and to identify links
between groups of the respondents differing in their experience in supervising research (the
above-mentioned groups with experience of up to 5 years, 5-10 years, and over 10 years) and
their research areas (social sciences and the humanities, technical sciences, natural sciences),
the following hypotheses were formulated:

H1: Research supervisors’ approaches to formulating research topics do not depend on
research areas, but are determined only by contextual characteristics.

H2: Research supervisors’ approaches to formulating research topics do not depend on
the respondents’ quantified experience in supervising research.

H3. The choice of the publication database for maintaining relevance of early career
scientists’ research directions is influenced by the supervisors’ experience in supervising early
career scientists’ research and by their research areas.

To confirm or refute the hypotheses, our respondents were asked to:

— check whether the topics of the Master’s theses supervised by a particular academic
match the research areas of their department, the areas of their own research or TOP research
in their research area (Query group |, testing hypotheses H1 and H2);

— determine the publication database (out of scientometric bases, institutional
repositories, etc.) for the analysis of the subject area and updating research directions (Query
group I, testing hypothesis H3).

During the data analysis we used a set of methods and models which give the possibility
to calculate all descriptive statistics. The choice of specific indicators was determined by the
type of data, evaluation scale and limitations in the use of the methods. SPSS statistical software
suite [25] was used to carry out calculations.

To accomplish objective 2 of this study, i.e. to develop the methods of applying
bibliometric analysis to determine early career scientists’ research directions, we used the
method of systematic literature review (SRL) [26]. A simple analytical framework — Search,
Appraisal, Synthesis and Analysis (SALSA) — was used to examine the review types to
determine Master’s research directions [27]. Since the purpose of SRL in this case is to identify
the need for primary or secondary research (as opposed to conducting SRL as a stage of
research), it is advisable to use rapid analysis [28] and systematic mapping [15].

Since the implementation of data synthesis requires applying to a statistician, especially
if this is the first case of undertaking of meta-analysis, we propose in determining topics of
research to use built-in bibliometric systems and VOSviewer, a tool for building and visualizing
bibliometric networks. It should be noted that a comparison of the method of multidimensional
scaling (MDS) and the method of visualization of similarities (VOS) to build bibliometric maps
presented in [29], showed that maps created using VOS provide a more satisfactory
representation of the base dataset than those built using MDS.

The use of bibliometric analysis and mapping involving these tools gives the possibility
to analyze existing trends and patterns in scientists’ publishing activity in specific research
areas, which will help to keep early career scientists’ research directions up-to-date, regardless
of their research field and experience in using statistical methods and specialized tools for
processing systematic literature review data.
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To determine the effectiveness of the proposed methods, we used the case study method
and a sample survey [24].

As a case of applying bibliometric analysis for formulating topics of Master’s theses, we
used research directions of students majoring in Education/Pedagogy (014 Secondary
Education (Informatics)) and Information Technology (122 Computer Science) at the
Department of Informatics and Methods of Its Teaching of Ternopil Volodymyr Hnatiuk
National Pedagogical University: “3D modeling”, “computer simulation”, “gamification
technologies”, “artificial intelligence”, “computer science training”, “machine learning”,
“STEM education”, “school K-12%. Based on the methodology for systematic literature review
applied to Engineering and Education [26], we chose Scopus and the Web of Science Core
Collection as publication databases for our research. In order to select the most topical research,
it was decided to introduce additional restrictions (filters), namely, to select articles (type of
publications — Articles) published within the last five years (from 2016 to 2021) in the category
Education Educational Research (WOS) or Social Sciences Area (Scopus) which are available
for public viewing (Open Access). For an in-depth analysis, we used the fields “TITLE-ABS-
KEY” (Scopus) and “Topic” (Web of Science). As a result of selecting metadata from these
scientometric databases by different search queries, two data sets were formed: a W-set and a
S-set.

To prepare the data for analysis by VOSviewer, the resulting W and S data sets were
exported from the corresponding scientometric databases to .txt files (Web of Science) and .csv
files (Scopus).

For VOSviewer, the major method of data analysis was the “co-occurrence” method, a
method of clustering keywords by frequency of their use in one publication. To build
scientometric maps, we used only those keywords that occur in each sample at least 5 times
(standard VOSviewer threshold), deliberately excluding query terms, which are present in
almost all documents and distort clustering. Comparison of thesauri and analysis of the created
maps are the basis for identifying early career scientists’ research directions, both current and
prospective.

To determine the attitude of supervisors of Master’s theses to the proposed methods of
using bibliometric analysis to determine research directions, a sample added survey was
conducted. The survey involved fewer persons — 67 of the 68 research supervisors. All survey
participants have access to scientometric databases, though 82% of them use these databases
only to search for necessary publications.

The respondents were asked to rate 5-point Likert scale from "Strongly disagree” to
"Strongly agree": (i) “How much do you agree that the use of bibliometric analysis to determine
research directions will contribute to the quality of preparation the Master’s theses?”’; (ii) “How
much do you agree that the use of bibliometric analysis to determine research directions will
contribute to the development of university science in the context of researchers’ integration
into the global research space?” Here we applied the same statistical methods and instruments
as in the initial stage of our study. Results were estimated for the different respondents’ groups.
The significance of the obtained results was verified by the chi-square criterion at the
significance level of p-value = 0.05.

3. RESULTS OF THE RESEARCH

3.1. Analysis of academics’ approaches to identifying early career scientists’
research directions

As a result of building frequency distributions of the respondents’ scores in each question
of the developed questionnaire (research objective 1), we determined Master’s students’
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research supervisors’ approaches to formulating their students’ research topics. It turned out
that supervisors in the field of technical sciences significantly differ from their colleagues in
natural sciences, social sciences and the humanities, in terms of correspondence of topics of
their students’ theses to the TOP research in the field (Fig. 1).
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TOP researchin
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25%

19%

=
13%
°
9%
0
Humanities and Social Technical sciences Matural Sciences

Sciences

In what direction do you supervise master's theses?

Fig. 1. Diagram of the respondents’ answers distribution on the relevance of the topics
of Master’s theses to the TOP research topics depending on the direction
of the supervisors’ research

That is, when selecting and substantiating research topics of Master’s students, the
researchers in the field of technical sciences are primarily guided by the research areas of their
academic department or institution, and their own research interests, rather than by state-of-the-
art research in the field. This fact can be explained by the complexity of conducting
experimental research in technical sciences, the need for expensive equipment and high
qualification of researchers. No other significant differences were found. Regardless of the field
in which the supervisors of Master’s theses work, the topics of the Master’s theses correspond
to their scientific interests and research directions of the department. Hypothesis H1 is partially
confirmed with high level of probability.

We also looked at the respondents’ answers about the relevance of topics of Master’s
theses from the perspective of their experience in supervising Master’s students’ research. As
a result, hypothesis H2 was rejected: research supervisors with up to 5 years of experience
showed only a partial correspondence of the topics of the theses they supervise to research
directions of their department, their own research interests and state-of-the-art research in the
field. In Fig. 2 you can see the distribution of the respondents’ answers on the relevance of the
topics of Master’s theses to the TOP-5 topics of research in the field depending on the
experience. The same distributions we got on other questions, concerning the correspondence
of the topics of Master’s theses to department research and the supervisors’ own research
interests. Such answers can be explained by the supervisors’ insufficient experience, which, on
the other hand, potentially can give rise to original high quality research, as these academics
are less limited by established research priorities.
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Fig. 2. Diagram of the respondents’ answers distribution on the relevance of the topics of
Master’s theses to the TOP-5 research topics depending on the experience

Considering the respondents’ answers about publication databases (testing hypothesis
H3), we can conclude that regardless of the experience in supervising Master’s students’
research, institutional repositories are least used by research supervisors in identifying topical
areas of research. The supervisors with experience of up to 5 years use institutional repositories
in only 15% of cases. This group of respondents use Google Scholar resources more often than
more experienced supervisors. Scopus and other scientometric databases are most often
searched by supervisors with more than 10 years of experience (almost 27%), while supervisors
with up to 10 years of experience use Scopus in only 21% of cases, and those with the
experience of up to 5 years — in 24% of cases (Table 1).

Table 1

Frequency distribution of the respondents’ answers on the use of research tools
depending on their experience

Research tools
Simple Search in
Question G Google | Institutional | Scopus and Total
oogle L
Scholar | repositories other
search
databases
What is the More than | Count 21 22 14 21 78
duration of 10 years % 26.9% 28.2% 17.9% 26.9%
your _ Up to 10 Count 11 10 9 8 38
experience in | years % 28.9% 26.3% 23.7% 21.1%
supervision of | Upto5 Count 6 15 5 8 34
Master's years % 17.6% 44.1% 14.7% 23.5%
theses?
Total Count 38 47 28 37 150
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Analyzing the respondents’ answers about publication databases from the perspective of
research areas, we saw that research supervisors in social sciences and the humanities, when
searching for topics which can help identify prospective research directions of their Master’s
students, least of all resort to scientometric databases (only 13% of them indicated that they
search Scopus and other scientometric databases). Most often, research supervisors in social
sciences and the humanities search Google Scholar (32.6%), do simple Google search (28.3%),
or use institutional repositories (26.1%). Supervisors of Master’s theses in technical sciences
also prefer Google Scholar (34.7%), though quite often do search in Scopus and other
scientometric databases (28.6%). Scopus and other scientometric databases are most favoured
by supervisors in natural sciences (more than 30%). These supervisors do search in Google and
Google Scholar in 26% and 27% of cases, respectively (Table 2).

Table 2

Frequency distribution of the respondents’ answers on the use of research tools
depending on research areas

Research tools
_ Simple Search in
Question P Google Institutional | Scopus and Total
Google I
Scholar repositories other
search
databases
In what Social sciences | Count 13 15 12 6 46
direction | andthe % 28.3% 32.6% 26.1% 13.0%
do you humanities
supervise | Technical Count 11 17 7 14 49
'\é'asteg's sciences % 22.4% 34.7% 14.3% 28.6%
theses? Natural Count 14 15 9 17 55
sclences % 25.5% 27.3% 16.4% 30.9%
Total Count 38 47 28 37 150

These results showed that, when deciding on topics for Master’s research, supervisors
make the least use of institutional repositories, regardless of their experience in supervising
Master’s theses. Scopus and other scientometric databases are least used by supervisors whose
experience does not exceed 10 years, as well as representatives of social sciences and the
humanities.

Thus, according to the results of our survey, it can be concluded that research supervisors
with little experience, as well as supervisors in social sciences and the humanities do not
sufficiently use the channels and tools of modern digital scientific communications.

At the same time, the use of scientometric databases and bibliometric analysis tools to
identify research directions in each given research area is essential for expanding research scope
of universities’ academic departments, thus facilitating their integration into global research
community. Keeping the subject areas of early career scientists’ research up-to-date can
significantly contribute to this effect.

3.2. Identifying Master’s students’ research directions using bibliometric science
mapping via VOSviewer

In the proposed case study, in accordance with the approved areas of research (in 2021-
2022 academic year) of the Department of Informatics and Methods of Its Teaching of Ternopil
Volodymyr Hnatiuk National Pedagogical University, we built terminological maps based on
concepts occurring in titles, keywords and abstracts of scientific publications indexed in Web
of Science (W data set) and Scopus (S data set).

For each data set W and S, using VOSviewer tools we:
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— analyzed keywords, which gave us a possibility to estimate the intensity of a term
occurring with other terms;

— compiled a special thesaurus to put together similar terms and eliminate mistakes in
spelling keywords;

— built a science map by keywords (Fig. 3, 4), which highlights clusters (featured by
different colors) combining key concepts (the size of a circle reflects the frequency of a specific
term, its “total link strength”) on the basis of their thematic relatedness. Within the clusters, the map
reflects the closeness of links between related terms (the more related they are, the closer they
appear on the map) and various options of term combinations both within the clusters and between
them (the thickness of the lines reflects the so-called “link strength” between pairs of terms).
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Having analyzed the map built for WoS publications (Fig. 3), we identified 8 main
clusters reflecting major research directions:

— Education policies (blue), whose thesaurus includes the following terms (keywords
of publications): higher education, gender, experience, identity, choice, policy, career,
opportunities, K-12;

— Innovative technologies (red), including machine learning, online learning, adaptive
learning, learning analytics, artificial intelligence, performance;

— Science and technology (purple), incorporating attitudes, perceptions, impact,
conceptions, ICT, integration, framework, teacher, professional development;

— Competences (orange), defined and shaped, in particular, through assessment, skills,
instruction, ability, modes, validation, self-efficacy, comprehension;

— Design of educational systems (green), including knowledge, design, teacher,
implementation, inquiry, science education, curriculum;

— Learning analytics (brown), using and taking into account experience, behavior,
challenges, survey, meta-analysis, teaching methods;

— Gamification (yellow), featuring game, technology, engagement, motivation, modes.

Based on the analysis of links between groups of terms, it is possible to formulate the
topics of Master’s theses (Table 3).

Table 3

Examples of topics of Master’s theses, based on visualization of terminological links
in the WoS data set

No Fragment of the science map (Fig. 3) Topics of Master’s theses
1 Use of learning analytics data to
study the degree of students’
student effgagement involvement in the use of machine
Iearnin"’walytics learning and artificial intelligence
s N\ . in the process of formation of

machi arnig a professional competencies
artificia lligence

2 Research of tools to support
motivation students’ positive motivation for

study under COVID-19

achiewnent offipe
Qb onlineffggrning
co‘19
3 gaimes Impact of gamlflcatlon on
- increasing students’ motivation
"‘ ) £ for and engagement in mastering
b amification i
motivation Sl new technologies

¥ engagement
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Analysis of visualization of maps built on one query but from different scientometric
databases (Fig. 3, Fig. 4) gives grounds for the assumption that different fields of knowledge
show certain preferences in choosing a scientometric database to present research outcomes.

The WoS tends to present more research in the field of social sciences and the humanities,
including educational sciences, whereas research in the field of technical sciences is better
represented in Scopus (Fig. 4). In particular, based on the analysis of publishing activity in
Scopus, in keeping with the research priorities of the department participating in the study, 10
clusters were identified:

— Machine learning (green), comprising such terms as supervised machine learning,
data mining, sustainable development goals, crowdsourcing, social media;

— Artificial intelligence (pink), comprising the concepts of innovation, algorithms,
creativity, robots;

— Deep Learning (purple), including transfer learning, convolutional neural network,
artificial neural network;

— Adaptive learning (dark blue), with online learning, pandemic, survey, K-12
education, teacher;

— Sustainability (red), including virtual reality, gamification, higher education, industry
4.0, digital technology, assessment, sustainable development, bibliometric analysis;

— Simulation (light blue), comprising ensemble learning, e-learning, modeling, decision
making, computer simulation;

— Big data (yellow) with data analysis, blockchain, Internet of Things, neural networks;

— Education (brown), associated with learning, teaching, technology, algorithm, data
science;

— Explainability (orange), including trust, explainable artificial intelligence,
transparency, chat-bot;

— Decision-making (nude), including neural network, decision tree, risk assessment.

The bibliometric map built on the basis of Scopus data can be used for formulating topics
of Master’s theses of the students majoring in Computer Science, trained by the Department of
Informatics and Methods of Its Teaching at Ternopil Volodymyr Hnatiuk National Pedagogical
University (Table 4).

Table 4

Examples of topics of Master’s theses, based on visualization of terminological links
in SCOPUS data set

No Fragment of the science map (Fig. 4) Topics of Master’s theses
1 @ Development of a simulator for
classifigation goal setting by machine learning
A tools

supervised m@ghine learning

soci@edia

-deeWning

sustainable dey@lopment goals
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2 . deep Use of virtual reality and
mach rning gamification technologies in
machine learning
higber-.i:cation
ST ageality PP
gélﬁ“non =
systematic Iiéature review e-leaining
3 Development of a chat-bot to
5 : support training in artificial
wemach rning intelligence technologies (case

study of machine learning under

artificial intelffgence COVID-19)

G jrugfeanty®= /S
B S ':%*3"‘ =
- eduggfian_
\sin’Wion

chatbot

cob 19

It should be noted that the proposed methods of using bibliometric analysis can help
Master’s in systematic analysis of literature both at the stage of substantiation of their research
topic and later, while conducting the research [30].

On the other hand, the use of bibliometric systems and systematic mapping in determining
the topics of Master’s theses will contribute to students’ deeper involvement in digital scientific
communication and, consequently, raise both the quality of their personal research and overall
research level at their university, which is important in the context of Ukraine’s integration into
global research space.

This has been confirmed by the results of a survey of research supervisors of Master’s
theses of two universities (67 people), which was conducted after the presentation of the
proposed methods of using bibliometric analysis to determine early career scientists’ research
directions. The majority of the respondents fully agreed that the methods would contribute to
both the quality of Master’s research (Fig. 5) and the development of university science (Fig.
6): 61% and 55% respectively, although almost a third of the respondents were undecided.

[ strongly Disagree
[CIDisagree
Clundecided

W agres

O strangly Agree

Fig.5 The distribution of answers on a 5-point Likert scale from "Strongly disagree" to
"Strongly agree" for the question: “Do you agree that the using of bibliometric analysis in
determining the directions of research will contribute to the quality of preparation the
Master's research?”
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[ strongly Disagree
[CIDisagree
Clundecided
Wagree

[ strongly Agree

Fig.6 The distribution of answers on a 5-point Likert scale from "Strongly disagree™ to
"Strongly agree" for the question: “Do you agree that the use of bibliometric analysis in
determining research areas will contribute to the development of university science in the
context of the integration of researchers into the global scientific space?”

Such answers can be related to both the status of the respondents and the areas of their
research. Most young academics believe that bibliometric analysis will contribute to both the
quality of Master’s training and the development of university science (81% of the respondents
agreed and strongly agreed with this statement), while among the older academics the numbers
are much lower (no more than 40%) (Table 5). The results are significant at the level of p

<0.05% (the verification was performed according to the chi-square criterion).

Table 5

The choice of teachers' answers depending on the status of the use of bibliometric
analysis in determining areas of research

\é\ﬁ:::i:ntgi Do you agree that the using of bibliometric analysis in determining the directions of research will
your Master's contribute to the quality of preparation the master's research?
thesis Strongly
supervision Disagree Disagree Undecided Agree Strongly Agree
experience? | Count % Count % Count | % Count | % Count %
More than
10 years 2| 5% 4| 118% 13 | 38,2% 12 | 353% 3 8,8%
Upto 10
years 0| 0,0% 0 0,0% 4| 235% 7| 41,2% 6 | 353%
Upto5
years 0] 0,0% 0 0,0% 3| 18,8% 5] 31,3% 8 | 50,0%
Do you agree that the use of bibliometric analysis in determining research areas will contribute to the
What is the development of university science in the context of the integration of researchers into the global
duration of you scientific space?

Master's thesis| ~ Strongly Strongly
supervision Disagree Disagree Undecided Agree Agree
experience? | Count | % Count | % Count | % Count | % Count | %
More than

10 years 3] 88% 3 8,8% 16 | 47,1% 10 | 29,4% 2 5,9%
Upto 10

years 0] 0,0% 1 5,9% 41 235% 6| 353% 6| 353%
Upto5

years 0] 0,0% 0 0,0% 3| 18,8% 6| 37,5% 7] 43,8%

125




DOI: 10.33407/itlt.v91i5.4944 ISSN: 2076-8184. Information Technologies and Learning Tools, 2022, Vol 91, Ne5.

We received similar results for Master’s supervisors on the directions of their research
studies. Academics working in the fields of the humanities, social sciences and natural sciences
are more skeptical about the use of the proposed methods, although most of them agree that it
will contribute to the quality of Master’s training and the development of university science.
The results are significant at the level of p <0.05% (the verification was performed according
to the chi-square criterion).

In addition, according to the results of additional in-depth interviews conducted with the
survey participants, the proposed methods will give an opportunity to expand the range of the
topics of Master’s theses and keep them up-to-date, strengthen the students’ motivation to
conduct research and adhere to the research schedule by optimizing the process of formulating
the research problem and literature analysis, intensify publishing activities both of students and
academics. The latter will contribute to deeper integration of researchers into the global research
space, which is reflected, in particular, in the ratings of both individual researchers and higher
education institutions.

4. CONCLUSIONS

The research potential of higher education institutions in general, and the quality of
Master’s training and integration of early career researchers into the global research space in
particular, to a large extent depend on the choice of research directions both at the level of
structural academic units and at the level of individual research.

Keeping Master’s research directions up-to-date and in line with state-of-the-art research
in their field, engaging them in real research projects are the primary responsibility of their
research supervisors. The conducted survey of 68 academics from the National University of
Life and Environmental Sciences of Ukraine and Ternopil Volodymyr Hnatiuk National
Pedagogical University on their approaches to and tools used for selecting topics of Master’s
theses, gave us the grounds to assume that Master’s thesis supervisors with little experience (up
to 5 years), as well as academics in the field of social sciences and the humanities lag behind in
the use of modern means of scholarly communication.

We proposed the methods of applying bibliometric analysis for selecting and updating
directions of Master’s research, that differs from existing ones that take into account both the
research scientific areas and work experience of Master’s supervisors.

To confirm the effectiveness of the methods we proposed to analyze a case study of the
Department of Informatics and Methods of its Teaching at Ternopil Volodymyr Hnatiuk
National Pedagogical University. The analysis covered scientific publications from two
scientometric databases, Scopus and Web of Science Core Collection, obtained from search
queries matching the Department’s research directions (keywords: 3D modeling, computer
simulation, gamification technologies, artificial intelligence, computer science training,
machine learning, STEM education, school K-12) for the years 2016-2021, in the categories
Education Educational Research (WoS) and Social Sciences Area (Scopus), which are available
for public viewing (Open Access).

The analysis of visualizations of terminological maps confirmed the somewhat different
directions of research presented in these scientometric databases — publications from the Scopus
data set have a more technical orientation, whereas those from the Web of Science are more
representative of research in social sciences and the humanities. As the Department trains
Master’s students in two different fields (Education/Pedagogy and Information Technology),
based on the analysis of links in thesauri from the Web of Science and Scopus data sets, we
identified research directions and provided examples of topics for Master’s theses in
Educational Technology and Information Technology, respectively.
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The results of a sample survey and in-depth interviews of 67 research supervisors of
Master’s students, conducted after a presentation of the proposed methods of using bibliometric
analysis to determine research directions of early career researchers, confirmed the feasibility
of the practical application of this methods, regardless of research area and experience in using
statistical methods and specialized tools for processing systematic literature review data.

We see the prospects of further research in conducting a broader pedagogical experiment
involving the use of educational analytics tools to identify specific features of determining
research directions of early career researchers in various fields of science, relying on a wide
range of bibliographic analysis tools. We also plan to develop guidelines on the use of the
proposed bibliometric analysis tools for systematic analysis of literature by early career
researchers both at the stage of substantiation of their research topic and while conducting their
research.
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AHoTamisi. Y CTaTTi HABEICHO OTJISI MyOTiKaIlii 100 BUKOPUCTAHHS 010J1iOMETPHYHOrO aHAai3y
B PI3HUX HAYKOBUX JOCII/DKEHHsX. BHSBJIEHO, 110 BHKOPUCTaHHS IHCTPYMEHTY HayKOBOT'O
KapTyBaHHs SIK OJHOTO i3 3ac00iB TaKOro aHalli3y Ha eTamni BH3HAYeHHs HANPSMIB JOCIIIKEHb
MOJIOJIMX HAYKOBIIB HE BUBUYEHO. 3a pe3y/bTaTaMH NPOBEICHHsS BHOIPKOBOTO CTATHCTHYHOTO
ONMTYBaHHA 68 KepiBHUKIB JOCITIKeHb MaricTpiB i3 HanioHanbsHOro yHiBepcuTeTy Oiopecypceis i
npuponokopuctyBanns (HYBIll) Ykpainn Ta TepHOMIbCHKOr0 HAlliOHAIBHOTO TEJaroriyHoro
yHiBepcuTeTy iMeHi Bomoaumupa ['Hatioka (YkpaiHa) BUSIBJICHO, 1110 HEAOCBIMYEHI KEPIBHUKH, a
TaKOX KePiBHHUKHU B rajly3i CyCHIJIbBHO-TYMaHITAPHUX HAYK HEIOCTATHHOIO MipOI0 BUKOPHUCTOBYIOTh
KaHallk Ta IHCTPyMEHTapii cydyacHMX IM(POBHX HAayKOBUX KOMYHiKaliil. BucioBneno
NPUITYLICHHS, [I0 BUKOPUCTAHHsS BOYJOBAaHMX IHCTPYMEHTIB OiOJIOMETPUYHUX CHUCTEM ISt
3JIHCHEHHS CUCTEMATUYHOr0 aHaIi3y IPU BU3HAYCHHI HAIMPSIMIB JIOCIIIPKEHb MariCTpiB CIPUSTUME
SIKOCTI TMIZTOTOBKM MAariCTepChKUX IUCEpTalliid, a BIITaK 1 PO3BUTKY YHIBEPCHTETCHKOI HayKH B
KOHTEKCTI 1HTerpatii 10 €JMHOr0 HAYKOBOI'0 POCTOPY. 3aporOHOBaHO KeWC pealtizallii HayKOBOro
KapTyBaHHS 33 pe3yJbTaTaMM 3aIUTIB LIOJO MOIIYKY HAYKOBHX MyOJiKalid y HAyKOMETPHUUHHX
6a3ax qanux Scopus ta Web of Science va npuknazai TeMmatiku 1ociimkeHs kadenpu iHGopMaTuku
Ta METOJMKHU ii HaB4YaHHS TepHOIMIBCHKOr0 HalllOHANBHOTO MEJaroriyHoro yHIBEepCHUTETY IMeHi
Bonomumupa I'matioka. Ommcano migxomu mogo BukopuctanHs VOSviewer mis moOymoBu
TEpMIHOJIOTIYHUX KapT Ha OCHOBI IOHSTH, IO 3YCTPIYalOThCS B Ha3BaX, KIOYOBHUX CJIOBAaX Ta
aHOTAIlISIX BiJAMOBIMHUX HAOOpiB myOmikariin. OcKiIbKY Ha Kadenpi 3a0e3rneuyeTbesl MiAroToBKa
MarictpiB sk y raiy3i 3uanb 01 Ocgita/lIlenarorika (014 Cepenns ocBita (Indopmatrka)), Tak i 12
Indopmaniiini Texuomnorii (122 Kommn’roTepHi Hayku), Ha OCHOBI aHaIIi3y 3B’SI3KIB y Te3aypycax 3
Habopis manux Web of Science ta SCOpus Bu3HAYEHO HATIPSMHE TOCITiKEHB Ta HABEICHO MTPHKIIAIH
(dbopMynroBaHHS TeM Ui JIOCHII/PKEHb MAriCTpiB 3 OCBITHIX TEXHOJOTIH Ta iH(opMaIiitHux
TeXHoNorii BigmoBigHo. IliATBepKEHO Pi3HY CHOPSIMOBAHICTH IOCHIKEHb, MPEACTABICHUX Y
pI3HHX HAyKOMETpPUYHHX O0a3ax JaHWX. 3a pe3ylbTaTaMH ONUTYBaHHS Ta TJIMOWHHHUX iHTEPB IO
KEepIBHUKIB MariCTepChbKUX pOOIT BWU3HAYEHO [OIUIBHICTh PO3IIUPEHHA IMEAarorigHOro
eKCIEPUMEHTY MO0 PO3POOKH METOMUKHU 3MIHCHEHHS! CHCTEMHOIO OTJIAY JITEpaTypu Ha Pi3HUX
eTarnax TIPOBENEHHS MOCTIKEHb MAariCTpiB 3 BHKOPHUCTAHHSAM IIHPOKOTO CIEKTPY 3aco0iB
6i6miorpagivyHoro anamizy. Pe3ynpTaTi, mojgaHi B Il CTaTTi, MOXKYTh OYTH KOPUCHHUMH SIK IS
MOJIOJMIX JOCIiIHUKIB, TaK 1 JJIs iX KepiBHUKIB.

KarouoBi cioBa: OibmioMmerpuuHuii aHamiz; O0i0mioMeTpuyHEe HAayKOBE KapTyBaHHS; MOIOII
JOCITi THUKH, MaricTepcbka podoTa; OIS, BHIA OCBITA.
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