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Abstract—Visual knowledge mapping simplifies the process
of knowledge search and processing that helps to find potential
partners for joint projects, and organization management to
facilitate the processes of decision making more effectively. The
article proposes a new approach to university teachers’
knowledge mapping. The approach is based on ontology
engineering and extensive use of bibliometric analysis. As part
of the proposed framework, a set of ontologies was created to
describe the scientific activity of a faculty member in terms of
his competencies and performance indicators. Then the BIB-
METR visualization system was created to collect and visualize
information about faculty members and researchers. The
proposed approach was justified on the sample of one
department of the university-based business school. The
developed ontology works as a skeleton of a multidimensional
portrait of university faculty member in the part of their
research activity. And the set of such portraits generates the
information research landscape of the university.
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INTRODUCTION

Insufficient transparency of the professional profile and
experience of teachers and researchers in scientific institutes
and universities makes it difficult to find partners and
contractors for joint projects. Classic academic resumes do not
allow you to quickly assess the expertise of specialists.
Internal university portals do not always provide complete
information about the competencies of teachers.

All this leads to a decrease in the effectiveness of scientific
activities, inaccessibility of experts to potential partners and
difficulties in the prompt search for counterparties for joint
projects.

The report proposes using visual knowledge mapping
techniques [1-3] to provide educators and researchers with the
tools of the visual representation of their expertise. This will
also help the administration make more objective decisions,
and will promote interaction between students and teachers.

Researchers note the importance of visualization for
understanding the presented information by different groups
of people [4,5]. Moreover, visual models help to comprehend,

compress and visually present large amounts of quantitative
and verbal information, explicit and implicit knowledge. In
the field of modern management and information technology,
an innovative branch of “knowledge management” has been
developing for more than twenty years [6], in which
visualization acts as the most powerful means of codifying,
preserving and disseminating knowledge [7-9].

The paper discusses the issue of visualizing information
resources as part of the Russian Science Foundation project
“Methodology and technology for developing digital
knowledge maps for educational and scientific teams
(METAKARTA)”. The METAKARTA project is dedicated
to analyzing the state of research in the field of digital
knowledge maps of specialists and developing a methodology
for designing such maps based on ontologies. Ontologies as
conceptual models of a knowledge domain are one of the most
perspective approaches to the development of knowledge
bases and knowledge graphs.

This paper is devoted to the co-design of ontologies of
university professors’ knowledge in research with the
subsequent development of knowledge maps to simplify the
processes of searching and processing knowledge and further
better communication and co-operation in research. Studies
show that bibliometric analysis is an important tool for
managing science, shaping research policy and developing a
strategy for the publication activity of scientific and
educational organizations. Bibliometric analysis has gained
immense popularity in business research in recent years [10].
Special bibliometric software makes bibliometric analysis
easy and accessible (VOSviewer, GOOGLE SCHOLAR,
RSCI and ELIBRARY). The popularity of bibliometric
analysis for universities is a reflection of its utility for
leveraging and handling large amounts of scientific data, and
producing high research impact.

As part of the implementation of the METAKARTA
project, a pilot study was carried out on the development of
bibliometric knowledge maps of the university departments.
The data was used from open sources, then the dataset was
analyzed, and the results were presented in a visual form. A
software prototype of the BIB-METR visualization system
was developed for a number of the bibliometric indicators.
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The software prototype of the system is focused on the
automated construction of knowledge maps based on the open
data sources.

ONTOLOGY BASED KNOWLEDGE MAPPING FOR RESEARCH

Research as such largely depends on the subject area, and
it is obvious the types and forms of research activity will differ
significantly. However, the general forms of research
knowledge are similar and always imply creative activity to
increase the amount of research knowledge about the research
domain of one’s research interest. From a pragmatic point of
view, we can talk about various types of fundamental and
applied research, as well as the development of new theories,
technologies, methods and recommendations.

Thus, the question arises about creating an ontology for
research. There are various ontologies for research, for
example, Core Ontology for Scientific Research Activities
(COSRA) [11], EMPIRION [12], DINGO - ontology for
scientific projects [13]. However, they all describe the nature
and structure of empirical data from research.

First, we set a narrower and more pragmatic goal - to
describe research activities of teachers of the university-based
business school, therefore we rely on traditional forms of
research (for example, projects, presentations at conferences
and preparation of publications).

Methods of ontology engineering have been widely
developed for almost 30 years [14, 15].

The number of steps of such methodologies used for
building knowledge maps varies from 3 to 11, depending on
the degree of detail of each development phase. Based on the
analysis, summarizing it and our experience, we have
proposed the novel methodology with 4 steps called it ONE-
VID [16, 17]:

I - Set of Ontologies Design (ON) (Ontology);

Il - Knowledge elicitation for ontology population (E)
(Elicitation);

I - Visual knowledge mapping (VI) (Visualization);

1V - Knowledge map justification and dissemination (D)
(Dissemination).

The first stage of the methodology (ON) is focused on the
development of a set of ontologies defining the conceptual
structure of the future knowledge map. Our task was to create
an ontology providing a big picture view of the teacher’s
activities at the university in the domain of management
studies. Ontology sketches were developed using mind
mapping and conceptual modeling tools, and then transferred
to the PROTEGE ontology editor for further software
implementation and use.

Each faculty member's responsibilities include teaching,
research, practical consulting work, and administrative work.
Fig. 1 presents a simplified top-level ontology describing the
research work of a teacher (developed by Irina Leshcheva,
described in [17].
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Fig. 1. Ontology of research activities (upper levels).

The ontology of the teacher’s research includes
1) research projects, the role of the researcher;

2) preparation of publications,
conferences;

presentations  at

3) expert work.

Then we developed the ontology further and included
bibliometric data of the author as presented in Fig. 2.
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Fig. 2. Ontology of research activities (including bibliometric data).

The presented ontologies were used as the basis for the
development of a knowledge map of research portfolio. A
knowledge map is a representation in a diagram of the main
components of an organization's knowledge. Knowledge
maps are one of the tools used in knowledge engineering to
organize and represent knowledge, forming a graphical
landscape in tasks of visualizing complex concepts, decision
support, and knowledge sharing [18]. In a knowledge map, the
location of the represented knowledge, their relationships are
especially important; the carriers (knowledge holders) and
sources are indicated [19, 20]. In general, a knowledge map is
a means of bringing together experts, sources of tacit and
explicit knowledge of the organization, the relationship
between elements and knowledge flows in the organization.
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BIB-METR VISUALIZATION SYSTEM FRAMEWORK

Bibliometrics, the quantitative analysis of scholarly
publications, has emerged as a valuable tool for assessing
research output, impact, and trends [10]. Visual diagrams play
a crucial role to communicate effectively the complex data and
relationships revealed through bibliometrics. This short
literature review examines the use of bibliometric visual
diagrams, their types, benefits, and challenges.

Bibliometric visual diagrams are essential tools for
communicating the insights gained from quantitative analysis
of scholarly literature [21]. They enhance data visualization,
facilitate pattern identification, simplify communication, and
support decision-making. However, it is important to consider
the challenges associated with their use, including data
completeness, interpretation, software limitations, and
potential subjectivity [22]. Researchers can effectively
leverage bibliometric visual diagrams to gain valuable
insights from scholarly literature by addressing these
challenges and employing appropriate visualization
techniques.

The main types of bibliometric visual diagrams are [23,
24]:

e Subject Category Maps: Organize scholarly
publications into subject categories, providing a
hierarchical view of research areas and their
relationships.

e (Citation Networks: Visualize the connections between
scholarly publications based on their citations and co-
citations. Nodes represent publications, and edges
represent citations.

e Keyword Co-occurrence Networks: Maps of the co-
occurrence of keywords in scholarly literature reveal
research themes and relationships.

e Author Collaboration  Maps: Illustrate  the
collaborative relationships between researchers based
on their co-authorship patterns.

e (Citation Impact Visualizations: Present the citation
counts and impact factors of scholarly publications,
allowing for comparisons and identification of highly
cited works.

Many authors discuss the challenges of bibliometric visual
diagrams. They consider the data completeness, which can
impact the reliability of visualizations [25]. Also data
interpretation is considered as visual diagrams can be complex
and require careful review to avoid misunderstanding. All the
researchers face the software limitations that can regulate their
effectiveness [26]. Also there is a group of publications that
study the subjectivity of the interpretations.

A pilot study on the development of bibliometric maps
required solving a number of problems within the framework
of the concept (proof-of-concept). That is, our aim was to
prove the viability of the chosen approach.

The following steps are performed to achieve this research
goal:

a) Determination of requirements for the bibliometric
data

b) Analysis and selection of open data sources

c) Collection of open data

d) BIB-METR software prototype architecture design
e) Data analysis and visualization
Let us focus on each of these 5 stages.

A. Determination of requirements for the bibliometric data

To collect bibliometric data, it was necessary to create
access to the register of collaborating authors in connection
with the departments for which information would be
collected and searched.

The provided register contains links to employee profiles
on the main open research bibliometric resources. This fact
made it possible to significantly reduce the labor intensity
while implementing this part of the project, because there was
no need to manually search for the links to employee profiles.
The register includes reference information about employees
and contains a set of fields, for example

e Name, family name / Department / Position / Degree

e Elibrary_SPIN / Scopus_AuthorID /
WoS_ResearcherID / WoS_link

e Orcid / Google Scholar / Pure_link

B. Analysis and selection of open data sources

The main open databases of publications available on the
Internet were considered as open sources of data on the
scientific activities of university department employees:

e Elibrary (https://elibrary.ru/)

e Scopus (https://www.scopus.com/home.uri)

e Web of Science (https://webofknowledge.com/)
e Google Scholar (https://scholar.google.com/)

e ResearchGate (https://www.researchgate.net/ )

The following criteria were formed to select a data source:
(a) Possibility of automatic data download / (b) Availability
from Russia / (c) Free access / (d) Data completeness.

As part of the work on the prototype using the proof-of-
concept, it was possible to relax the data requirements, for
example, not require 100% completeness, i.e. there is no need
to collect information about all employees and all
publications.

The Elibrary system does not meet criteria (a) and (c),
because a subscription payment and an appropriate agreement
between the provider and a scientific and educational
institution are required to gain access to the system's APL
Scopus and Web of Science systems do not meet criteria (b)
and (c), because access to them is paid, and interaction with
Russian universities is suspended. The ResearchGate system
does not meet criterion (d), because it contains verified
profiles of a smaller number of employees/authors.

Thus, Google Scholar was chosen as the main source of
data on the scientific activities of employees, which meets all
the formulated criteria:

e It is possible to automatically upload both via the API
and using freely distributed libraries;

e Available from Russia and employee articles continue
to be indexed;

e Access is free;
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e Most employees have profiles in this system, links to
which are presented in the register.

C. Collection of open data

Minimum requirements for data from open sources were
formulated to ensure the possibility of constructing various
versions of knowledge maps from a data set. They are
presented in Table 1 and include the information about the
author, bibliometric indicators, publication title and abstract
as semantically meaningful information.

TABLE L. METADATA
Semantically
Bibliometric meaningful
Author/contribut indicators for information to identify
or metadata each the
author/employee author/contributor's
areas of expertise
a. List of
publications,
including
publication title
a. Surname b. Number of
b. Name oo a. Publication titles
. citations for each .
c. Unique L b. Publication abstracts
identifier publl.catlon
c. H-index and
other available
aggregation
indicators

D. BIB-METR software prototype architecture design

BIB-METR software module was designed to automate
the collection of data from Google Scholar. It was partly
prototyped in the Python programming language, including
the following libraries:

e scholarly - the main library, it is used to search for and
connect to the Google Scholar proxy;

e json, re - libraries for parsing results;

e google.oauth2, gspread - libraries for automatic record
of the results in Google spreadsheets;

e time, csv - libraries to monitor the speed of work and
the quality of results.

e The developed software module made it possible to
generate a set of bibliometric data (dataset) Bibset.
Bibset dataset has got the following structure:

e author_info - information about authors, including the
following fields with the number of publications and
citations, H-index and areas of interest.

e publication_by_author_info - brief information about
publications, contains 3291 records with fields of
information about publications.

e more_publication_info - extended information about
publications, contains 3152 records with annotations,
publishers and links fields.

E. Data analysis and visualization

As part of the current stage of the pilot study project
several visual diagrams were tested. For example, a number of
publications of the faculty, average number of publications per
department, number of employee citations in relation to
departments, etc.

Dept. 6 27 (4.8%)
Dept. 5 41 (7,29%)

Dept. 2 142 (25.27%)

Dept. 1 69 (12,28%)

Dept. 4 84 (14,95%)
' Dept. 3 110 (19.57%)

Dept. 7 89 (15,84%)

Fig.3. Distribution of all the publications among the school departments.

Figure 3 shows the distribution of all the publications
listed in the database among the university school
departments. Here the information on the percentage of the
total amount of publications of the university school
departments is stated. That helps to evaluate the more and less
active departments in terms of publications.

Figure 4 shows a portrait of the faculty from department X
and gives the information on the number of publications for
each of the faculty members, their H-index, the number of
citations of each of the teacher.

Department 1

Publications

Citations

H-index

Fig.3. Portrait of department X.

CONLCUSION

Information resources are the main source of data and
knowledge that constitute the intellectual capital of an
educational organization. The innovative method of visual
knowledge mapping is a powerful tool and the core of special
knowledge management systems (KMS) [27, 28]. The use of
knowledge maps helps make knowledge sharing and finding
colleagues with similar scientific interests and/or expertise
more accessible to different stakeholder groups.

Based on the proposed methodology and collected data we
developed a research ontology that includes bibliometric
indicators, in addition to project descriptions, preparation of
publications, presentations at conferences, as well as scientific
expert work. We proposed a framework to summarize
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analytical information on the publication activity of the
faculty of the selected university unit.

are:

Further fields for development of the proposed approach

e The prepared data set can serve as the basis for the
development of a variety of visual representations that
reflect other analytical sections that are valued by
stakeholders.

e A proven approach to the automated construction of
knowledge maps based on open data sources can be
used in the implementation of an IT solution aimed at
supporting management decisions based on current
bibliometric data.

e Data presented in natural language, for example, titles
and abstracts of articles, can be studied by automated
semantic analysis, which will provide an objective
understanding of the intellectual assets that a research
and educational institution has got.
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