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Abstract. Ontologies are used to semantically enrich different types of information systems (IS),
ensure a reasoning on their content and integrate heterogeneous IS at the semantical level. On the
other hand, fuzzy theory is employed in IS for handling the uncertainty and fuzziness of their at-
tributes, resulting in a fully fuzzy IS. As such, ontology- and fuzzy-based IS (i.e. ontology and
fuzzy IS) are being developed. So, in this paper, we present a bibliometric analysis of the ontology
and fuzzy IS concept to grasp its main ideas, and to increase its body of knowledge by providing
a concept map for ontology and fuzzy IS. The main results obtained show that by adding ontologies
and fuzzy theory to traditional ISs, they evolve into intelligent ISs capable of managing fuzzy and
semantically rich (ontological) information and ensuring knowledge recognition in various fields
of application. This bibliometric analysis would enable practitioners and researchers gain a com-
prehensive understanding of the ontology and fuzzy IS concept that they can eventually adopt for
development of intelligent IS in their work.
Key words: ontology, fuzzy theory, information system, bibliometric analysis.

1. Introduction

In this research, we adopt the broad definition of the information system (IS) concept
described by Gupta (2013). An IS provides information for the operation, management,
decision-making, or control of the enterprise, depending on the level of information
needed. So, IS supports different types of decisions at different levels of the organizational
hierarchy. In general, most ISs consist of database and information management software
components for collecting, storing, processing data, and providing information, knowl-
edge, and digital products. Those components are combined into various types of ISs,
such as Enterprise Resource Planning, Decision-Support Systems, Knowledge Manage-
ment Systems, Transaction Processing Systems, Expert Systems, and Recommendation
Systems.
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In Computer Science, ontologies effectively represent and integrate knowledge and
data (Daradkeh and Tvoroshenko, 2020), extending traditional systems into intelligent
systems through their semantic enrichment (Qasim et al., 2020). Based on Kalibatienė
and Miliauskaitė (2021b), Kalibatienė and Vasilecas (2012), in modern ISs, an ontology
defines the main concepts, their definitions, relationships between concepts, comprising
the vocabulary of an application domain, and axioms expressing complex relationships
between concepts. Authors of Verdonck et al. (2019) use ontologies for ontology-driven
conceptual modelling involving reasoning on the conceptual model contents. The authors
of Wand and Weber (1993) apply ontologies to describe the structure and behaviour of
the modelled domain. Another developing direction of using ontologies in ISs is ensuring
their security for safe data management and design (Wikström and Mezei, 2014).

To automate the use of ontologies in IS development and application, we need a
particular formal language to express an ontology. In literature, formal languages for
ontologies are available, such as Ontology Web Language (OWL), which is a stan-
dard formal language recommended by W3C for describing ontologies (Curé and Blin,
2015; Wang, 2022). Other available languages are Knowledge Interchange Format (KIF),
RDF+RDF(S), and DAML+OIL (Kalibatiene and Vasilecas, 2011). One of the key char-
acteristics of ontologies, which differentiates them from databases, is the ability to make
logical deductions (Kokar et al., 2009; Saba et al., 2021). Authors of Borgo et al. (2022)
recommended to apply DOLCE as a foundational ontology for modelling cases. The onto-
logical foundation of Conceptual Modelling (the Unified Foundational Ontology (UFO)
and the UFO-based modelling language OntoUML) has been successfully employed in
a number of different business domains (Fonseca et al., 2019). In Amaral and Guizzardi
(2021), authors demonstrated how formal ontology, representing domain knowledge, can
be used for knowledge discovery. They briefly elaborate the use of foundational ontologies
and ontology-driven conceptual modelling languages in a data mining process.

Authors of Zhang et al. (2018) investigate information structures and uncertainty mea-
sures in a fully fuzzy IS, in which its attributes are fuzzy. They also stated that the study of
information structures and uncertainty measures in a fully fuzzy IS has not been reported
deep enough yet. Authors of Daradkeh and Tvoroshenko (2020), Tvoroshenko et al. (2020)
recommend using fuzzy ontologies since reality cannot always be clearly expressed. More-
over, fuzzy ontologies allow us to eliminate undefined inaccuracy and conflicting situa-
tions when integrating and developing complex systems (Tvoroshenko et al., 2020), in-
cluding ISs for solving multiple structured problems (Daradkeh and Tvoroshenko, 2020).
Authors of Carlsson et al. (2012) express a fuzzy ontology by introducing a fuzzy relation
between concepts and their definitions, i.e. ontological concepts have a vague meaning
but not a tight definition, like in classical ontologies. In Bobillo and Straccia (2016), au-
thors use fuzzy ontologies described by fuzzy concepts, fuzzy roles, and fuzzy datatypes,
to reason on imprecise data.

Summing up, in the related works, we can find different research on either ontology-
driven IS (Travé Allepuz et al., 2021), fuzzy IS (Gong and Wang, 2017), and fuzzy ontol-
ogy (Huitzil et al., 2020), where either ontologies or fuzzy sets enrich IS with semantic
power in different ways and for various purposes. However, the main research question
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arises: what is obtained by combining three main concepts “ontology”, “fuzzy” and “in-
formation system”? In the literature, this phenomenon is reported weakly. So, this paper
aims to understand the structure of the ontology and fuzzy IS concept and to grasp its
main ideas and results.

Why do we study ontology and fuzzy IS concept? Our answer consists of three main
reasons as follows. First, the use of fuzzy theory allows us to extend traditional IS to
present not only crisp but also imprecise information. It gives advantages such as increas-
ing the distinction ability of an IS (Li et al., 2020), presenting real-world information
values under fuzzy attributes in a fuzzy IS (Li et al., 2020; Zhang et al., 2022), improv-
ing the representation of information (Porcel et al., 2018; Parida et al., 2017; Tabakov et
al., 2021), better decision-making (Tabakov et al., 2021), handling ambiguity and uncer-
tainty of data (Niu et al., 2022). Second, the benefits of ontology-based IS have already
been proven in plenty of research studies, as these systems have shown their advantages in
different IS integration (Ma and Molnár, 2020), conceptual analysis and knowledge rep-
resentation (Guarino, 1998; Fonseca et al., 2019), semantic interoperability using fuzzy
ontology (Adel et al., 2018), semantic querying of databases (Jain et al., 2021). Third,
combining “ontology”, “fuzzy”, and “information system” into one concept allows us to
inherit all existing and aforementioned advantages and to improve the representation of
the real world in artificial systems. So, it is currently important to investigate and under-
stand the newly originated concept of ontology and fuzzy IS. This research increases the
body of knowledge on the ontology and fuzzy IS concept by providing a bibliometric anal-
ysis with the ontology and fuzzy IS keywords map. Moreover, it presents the spread and
future directions of the ontology and fuzzy IS concept. The paper is intended to support
academic and industry researchers working on ontology and fuzzy IS, providing them
with a comprehensive understanding of the concept and opportunities of its application in
practice.

This study is an extension and further development of our previous study (Kalibatienė
and Miliauskaitė, 2021b). The previous study did not cover some types of information
systems, such as recommendation systems and decision-making systems. In the current
study, we do not limit the types of ISs. This extension will provide valuable information on
the evolution of ISs and its relationships with other systems. Moreover, we have extended
and supplemented the research questions and revised the search period of this research.
Consequently, the main contributions of this research are as follows:

1. The deeper understanding of the ontology and fuzzy IS concept through developed
ontology and fuzzy IS keywords map.

2. Presented chronological trends of the research on ontology and fuzzy IS.
3. Found main authors contributing to the research on the ontology and fuzzy IS concept.
4. Found main countries contributing to the research on the ontology and fuzzy IS con-

cept.

The remaining part of this paper is organized as follows. Section 2 describes related
works and reviews, Section 3 introduces the methodology, Section 4 provides the main
results, Section 5 presents the discussion, and, finally, conclusions are made in Section 6.
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This study is an extension and further development of our previous study (Kalibatienė
and Miliauskaitė, 2021b). The previous study did not cover some types of information
systems, such as recommendation systems and decision-making systems. In the current
study, we do not limit the types of ISs. This extension will provide valuable information on
the evolution of ISs and its relationships with other systems. Moreover, we have extended
and supplemented the research questions and revised the search period of this research.

2. Related Works and Reviews

In this section, we have examined reviews and researches related to our study, and the
findings are summarized in Table 1.

As can be seen in Table 1, the perspective of ontology and fuzziness symbiosis in
different types of information systems is rarely reviewed in scientific publications. As the
primary study of publications in scientific digital libraries has shown, there are plenty of
researches on ontology (e.g. Rahayu et al., 2022; Sattar et al., 2020; Okikiola et al., 2020),
fuzziness (e.g. Li et al., 2018; Mardani et al., 2017), or IS (e.g. Alamri et al., 2022; Edwita
et al., 2017; ZareRavasan and Krčál, 2021) separately. Reviews that analyse combinations
of these concepts, such as fuzzy ontologies (Qasim et al., 2020; Zhang et al., 2016), fuzzy
logic for different types of systems (Yu et al., 2023; D’Aniello, 2023), are rarely found
(see Table 1).

However, the combination of ontology and fuzziness in different types of systems,
including information systems, is reviewed indirectly as an application area or feature
(Zhang et al., 2016). Therefore, we see a knowledge gap in the ontology and fuzzy IS
concept and have conducted a bibliometric analysis to gain a better understanding of it.

3. Methodology

A bibliometric analysis of ontology and fuzzy logic in the IS topic is conducted as de-
scribed in Donthu et al. (2021). The main steps of the current analysis are presented in
Fig. 1, applying and adapting the PRISMA schema (Yepes-Nuñez et al., 2021) to the needs
and scope of a bibliometric analysis, but not a systematic literature review, which differs
in their aim, analysis process and analysed dataset (i.e. structure and amount). Systematic
literature reviews summarize and synthesize the findings of existing literature on a re-
search topic when the scope of review is specific and the dataset is small and manageable
enough for manual review (Donthu et al., 2021). On the contrary, bibliometric analysis
summarizes a large amount of bibliometric data to present the knowledge structure and
emerging trends of a research topic (Donthu et al., 2021).

3.1. Specifying the Research Questions

According to the main research question “what is obtained by combining three main con-
cepts “ontology”, “fuzzy” and “information system”?”, the sub-questions are defined:
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Table 1
Review of related studies (NA – not applicable, DB – Database).

References Focus/Research Questions (RQ) Search string/Research scope Year
period

DB Analysed systems features Type of
review

(Al Hakim et
al., 2020)

RQ: What are the methods in applying intelligent aspects through text
mining and ontology in knowledge mapping?

(“knowledge mapping” OR
“knowledge map”) AND
“knowledge management” AND
(ontology OR “text mining” OR
intelligent OR algorithms OR
computation) Fuzzy include as a
method in the data processing

2009–
2018

Scopus,
IEEE,
ACM,
Emerald

Various types of systems Systematic
literature
review

(Zhang et
al., 2016)

Focus: Provide a comprehensive overview of fuzzy ontologies fuzzy extensions to ontologies NA NA Analysed features: Information
retrieval; Semantics extraction and
analysis; Knowledge mining,
clustering, and integration;
Decision making; Knowledge
representation and reasoning

Survey

(Qasim et
al., 2020)

Focus: Comparing features proposed for T2FO development, reasoning or
inference, and evaluation approaches

Type-2 fuzzy Ontology (T2FO) 1998–
2018

Google
Scholar

Application of IS Survey

(Kalibatienė
and
Miliauskaitė,
2021b)

RQ: How do ontology and fuzzy logic contribute to IS?
RQ-1: When is ontology- and fuzzy-based IS research published?
RQ-2: Which ontology- and fuzzy-based IS development topics are covered?
RQ-3: What are the main future directions found in the analysed topic?
RQ-4: What are the visible trends for the countries that participate in the
study of ontology- and fuzzy-based IS?

“ontolog*” AND “fuzzy” 1988–
2021

WoS,
Scopus

IS Bibliometric
analysis

(Yu et al.,
2023)

Focus: Fuzzy Petri nets studies in a global picture of developments, focus
areas, and research trends

fuzzy Petri nets (includes expert
system)

2000–
2022

WoS Expert system Bibliometric
analysis

(D’Aniello,
2023)

Focus: Fuzzy logic for situation awareness fuzzy situation awareness (includes
Fuzzy ontology)

2010–
2021

WoS,
Scopus,
Science
Direct,
PubMed

Fuzzy based IS Systematic
review

Current
study

RQ1: When were research studies on ontology and fuzzy IS published?
RQ2: What topics and keywords are associated with the concept of ontology
and fuzzy IS?
RQ3: What are the main chronological trends of the research on ontology
and fuzzy IS?
RQ4: Who are the main authors contributing to the research on the ontology
and fuzzy IS concept?
RQ5: What are the main countries contributing to the research on the
ontology and fuzzy IS concept?

(“ontolog*” AND “fuzzy”) 1994–
2022

WoS All types of IS, including
decision-making systems,
recommendation systems.

Bibliometric
analysis
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Fig. 1. The schema of a bibliometric analysis on the ontology and fuzzy IS concept.

RQ1: When were research studies on ontology and fuzzy IS published?
RQ2: What topics and keywords are associated with the concept of ontology and fuzzy

IS?
RQ3: What are the main chronological trends of the research on ontology and fuzzy IS?
RQ4: Who are the main authors contributing to the research on the ontology and fuzzy

IS concept?
RQ5: What are the main countries contributing to the research on the ontology and fuzzy

IS concept?

3.2. Identifying Records

The Web of Science (WoS) digital library was chosen for the current bibliometric analysis
according to the previous experience (Kalibatienė and Miliauskaitė, 2021a) and guide-
lines presented in Donthu et al. (2021). The WoS allows us acquiring sufficient volume
of bibliometric data, processing it by bibliometric tools, such as VOSviewer, Biblioshiny
package in R, and analysing the obtained data in a pragmatic way (Donthu et al., 2021).
Moreover, different scientific publication databases have their own format of bibliometric
data that requires additional efforts to combine them into a single format in one dataset.
Moreover, as reported in Junior and Travassos (2022), WoS and Scopus mostly overlap in
Software Engineering. Furthermore, other engines have limitations of search (e.g. IEEE
Xplore) or repeatability (e.g. ACM Digital Library and Google Scholar). In order to mit-
igate potential human errors and to save time for data collection, consolidation, cleaning,
merging, some authors recommend using one particular database (Donthu et al., 2021).

From the defined topics, three main terms for the search query are the following:
“fuzzy”, “ontology” and “information system”. However, the term “information system”
is not included in the search query, since it appears in articles in a different form, like
information sharing (Long, 2015), uncertainty modelling (Ferreira-Satler et al., 2012),
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Table 2
Search settings used in Web of Science (WoS).

Database Search string Document
type

Language Categories Search
results

Web of
Science

(“ontolog*”
AND “fuzzy”)

article OR
review

English Computer Science
OR Engineering

719

Table 3
Analysis techniques and tools used in the current research.

Tool Data extraction RQ

VOSviewer Developing keyword maps (Fig. 3, Fig. 6) RQ2
RQ3
RQ4

Biblioshiny Countries Participating in the development of the ontology and fuzzy
IS concept (Fig. 5)

RQ5

Microsoft
Excel

Chronological distribution of ontology and fuzzy IS concept (Fig. 2)
Visualizing keywords with the strongest links (Fig. 4)
The most impacting authors (Table 4)

RQ1
RQ2
RQ3
RQ4

Microsoft
Visio

The schema of the current bibliometric analysis (Fig. 1)

database model (Zhang et al., 2015), reasoning (Stoilos and Stamou, 2014), search query
(Maksimov et al., 2019). Moreover, we aim to observe general trends, but not restrict the
search query. The final search query with limitations is presented in Table 2. Our search of
relevant papers was performed in April 2023 and covers the papers published and included
in WoS until the end of 2022.

In this research, we have not applied paper selection using inclusion/exclusion criteria,
as is appropriate in systematic literature reviews. Here, we are interested in the global
view of the ontology and fuzzy IS concept, and WoS provides bibliometric data in a well-
organized and formatted form.

3.3. Extracting Data

For data extraction, we have used semi-automatic and automatic approaches as presented
in Table 3.

VOSviewer extracts the mostly occurred terms, authors, countries and documents from
the set of countries, from the set of articles and creates a keyword map using an auto-
matic keywords identification technique (van Eck et al., 2010; Khalil and Gotway Craw-
ford, 2015). The similar terms, abbreviations, and synonyms are merged using our devel-
oped VOSviewer thesaurus (Jolantux13/Bibliometric-Analysis-of-Ontology-and-Fuzzy-
(github.com) (accessed on April 18, 2023)). Biblioshiny is provided by the bibliometrix
R-package (http://www.bibliometrix.org) for quantitative research in bibliometrics. It uses
statistical algorithms to access and visualize high-quality numerical datasets (Aria and
Cuccurullo, 2017).

http://www.bibliometrix.org
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Fig. 2. Chronological distribution of ontology and fuzzy IS concept (RQ1).

4. Main Results

The chronological distribution of papers on ontology and fuzzy IS concept is shown in
Fig. 2. The papers were published from 1994 until the end of 2022 (RQ1). As the poly-
nomial trendline (dotted curve) shows, the publication of papers on the analysed topic is
increasing, however, fluctuating.

The keywords occurrence map according to Average Publication Year (APY) (i.e. the
average publication year of papers that have a particular keyword (van Eck and Waltman,
2019)) is presented in Fig. 3 (RQ2, RQ3). All APY values fall within the year interval
of (2008; 2022). The newest yellow-coloured keywords with APY > 2018 are the fol-
lowing: recommendation system (APY = 2020.63, Occur = 8), deep learning (APY =
2020.20, Occur = 5), Internet (APY = 2019.86, Occur = 7), IoT (APY = 2019.86, Occur
= 7), sentiment analysis (APY = 2019.06, Occur = 17), Analytical Hierarchy Process
(AHP) (APY = 2019, Occur = 6), words1 (APY = 2019, Occur = 6), semantics (APY =
2018.83, Occur = 6), machine learning (APY = 2018.82, Occur = 12), SPARQL (APY =
2018.8, Occur = 5), reasoner (APY = 2018.7, Occur = 10), and big data (APY = 2018.67,
Occur = 6).

The oldest blue-coloured keywords are the following: rough sets (APY = 2008.2, Oc-
cur = 5), fuzzy agent (APY = 2008.83, Occur = 6), fuzzy inference (APY = 2008.94,
Occur = 16), patterns (APY = 2011.5, Occur = 6), vagueness (APY = 2011.73, Oc-
cur = 11), agent (APY = 2011.95, Occur = 22), retrieval (APY = 2012, Occur = 13),
interoperability (2012.36, Occur = 11), e-learning (APY = 2012.4, Occur = 5), multi-
agent systems (APY = 2012.5, Occur = 6), fuzzy clustering (APY = 2012.75, Occur =
12), knowledge management (APY = 2012.83, Occur = 18), similarity (APY = 2012.96,
Occur = 23).

1The term “words” is found in the analysed articles with the following meaning: fuzzy words (Adel et al.,
2022; Bei, 2020), their subjective meaning and similarity of meaning between them.
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Also, it is found that the keywords can be classified into APY intervals as follows
(RQ3):

• (2008; 2012] – covers 7% of all found keywords. These keywords include retrieval,
agent, vagueness, patterns, fuzzy inference, fuzzy agent, rough sets.

• (2012; 2017] – covers 61% of all found keywords. These keywords include type-2
fuzzy ontology, owl, domain ontology, fuzzy reasoning, computing with words, com-
putational intelligence, ontology mapping, fuzzy linguistic modelling, fuzzy markup
language, fuzzy ontology, case-based reasoning, information, decision support system,
extraction, semantic similarity, data mining, similarity measure, network, database, ar-
chitecture, ontology integration, knowledge representation, ambient intelligence, de-
cision support systems, semantic web, fuzzy description logics, web, gene ontology,
formal concept analysis, user profile, knowledge management, fuzzy clustering, multi-
agent systems, e-learning, etc.

• (2017; 2022] – covers 32% of all found keywords. These keywords include recom-
mendation system, deep learning, IoT, sentiment analysis, AHP, machine learning,
SPARQL, reasoner, big data, features, image retrieval, decision-making, social network,
recommender system, expert system, group decision-making, genetic algorithm, word-
net, etc.

Figure 4 presents emerging topics based on the top keywords in each time slice across
the three APY intervals. As can be seen, such topics as ontology and fuzzy ontology
remain relevant in all time slices. Other topics, like semantic web, gene ontology, are ob-
served only in two-time slices with changed occurrence. Also, we can see the evolution
of some topics, like fuzzy clustering to machine learning, ontology to recommender sys-
tem, knowledge management to knowledge representation. Another perspective seen from
Fig. 3 is related to the size of keyword bubbles, which can be divided into the following
intervals (RQ2):

• [5; 20] – covers 82% of all keywords. These keywords include fuzzy set, knowledge
management, sentiment analysis, recommender system, knowledge representation, gene
ontology, fuzzy inference, semantic similarity, data mining, group decision making,
machine learning, fuzzy clustering, decision support system, type-2 fuzzy ontology,
fuzzy markup language, fuzzy reasoning, IoT, computing with words, big data, fuzzy
agent, deep learning, fuzzy linguistic modelling, etc.

• (20; 40] – covers 13% of all keywords. These keywords include description logic, fuzzy,
fuzzy description logics, information retrieval, OWL, agent, etc.

• (40; 60] – covers 3% of all keywords. These keywords include semantic web, knowl-
edge, framework.

• (60; 110] – covers 2% of all keywords. These keywords include fuzzy ontology and
fuzzy logic.

Yet another perspective in Fig. 3 is related to links that present the number of papers
in which two keywords occur together. Wider lines and shorter distances indicate stronger
links between keywords. So, from the ontology and fuzzy IS keyword map (Fig. 3) we
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Fig. 3. The keywords map of ontology and fuzzy IS concept according to APY (RQ2, RQ3).

Fig. 4. The emerging topics in time slices (RQ2, RQ3).

have extracted keywords with the strongest links (Fig. 5) (RQ2, RQ3). Here, axes present
keywords and bubbles – links with their coloured strengths. Note that this representation
is symmetric, but for better visualization, only one part of symmetry is presented.

It is observed that the strongest links with strength 15 (13.04% of the links in Fig. 5)
exist between the following pairs: fuzzy ontology – uncertainty, description logic – fuzzy
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Fig. 5. Ontology and fuzzy IS keywords with the strongest links (RQ2, RQ3).

ontology, and fuzzy description logic – fuzzy ontology. Nevertheless, the biggest number
of bubbles are those with the lowest strength (7, accounting for 30.43% of the links in
Fig. 5), such as representation – uncertainty, knowledge – representation. It can be seen
in Fig. 5 that the keyword “fuzzy ontology” is most frequently used with other keywords.

Summing up Fig. 5, in IS, knowledge representation is crucial for knowledge-based
reasoning. This is achieved through the use of ontology and fuzzy ontology, and enriching
IS with fuzzy ontology, described by OWL and fuzzy description logic.

Figure 6 presents the countries’ collaboration map. The intensity of the colours and
lines shows the more active collaboration of countries in developing the ontology and
fuzzy IS concept (RQ5). The biggest impact on the analysed topic has countries as follows:
People’s R China, Spain, Italy, India, Taiwan, USA, England, France, South Korea.

The most intensive collaboration is seen between the following countries2: Italy –
Spain, USA – People’s R China, England – Taiwan, Spain – Finland, Spain – Saudi Ara-
bia. The most various collaboration with other countries is observed in England, Spain,
People’s R China, USA, Italy, and Saudi Arabia. Biblioshiny found 25.8% international
co-authorship in the analysed papers.

Figure 7 presents the co-authorship map on the ontology and fuzzy IS concept. It shows
us the social interactions among authors and their impacts on the development of the
ontology and fuzzy IS concept. The most impacting authors who have published more

2Note that the countries in all figures and text are named as in WoS.
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Fig. 6. The countries map on the ontology and fuzzy IS concept (RQ5).

Fig. 7. The authors co-authorship map on the ontology and fuzzy IS concept (RQ4).

than 10 papers are presented in Table 4. In the last column of the table, the most cited
papers of those authors are presented.

Table 4 shows the most cited authors. Although Ali, Farman (No. of Documents = 8,
No of Citations = 562) is not among the most scientifically productive authors, he is
among the most cited authors.
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Table 4
The most impacting authors according to the number of citations (RQ4).

Author name Documents Citations APY Papers

Lee, Chang-Shing 36 1278 2011.06 (Lee et al., 2007; Lee and Wang,
2010; Lee et al., 2010)

Wang, Mei-Hui 31 872 2011.93 (Lee et al., 2007; Lee and Wang,
2010; Lee et al., 2010)

Bobillo, Fernando 21 718 2014.00 (Bobillo and Straccia, 2008;
Bobillo et al., 2009; Bobillo and
Straccia, 2011)

Straccia, Umberto 19 885 2013.95 (Bobillo and Straccia, 2008;
Bobillo et al., 2009;
Lukasiewicz and Straccia, 2008)

Herrera-Viedma, Enrique 15 542 2017.13 (Martinez-Cruz et al., 2015;
Morente-Molinera et al., 2017,
2019)

Ali, Farman 8 562 2017.25 (Ali et al., 2018, 2016)

Fig. 8. The authors, countries and keywords co-relationship on the ontology and fuzzy IS concept (RQ4).

Figure 8 presents the mapping of authors, their cooperating countries, and the main
keywords of their research. The colour intensity shows the bigger impact of the author,
country, or keyword. The figure illustrates the highest impact of authors from China (Peo-
ple’s R China), Spain, Italy, the United Kingdom, and South Korea which corresponds to
Fig. 7. The main keywords found in the presented authors’ papers are as follows: fuzzy
ontology, ontology, fuzzy description logic, fuzzy inference, and fuzzy logic.

Figure 8 highlights the most impacting authors3: Lee, CS; Wang, MH; Bobillo, F;
Straccia, U; Herrera-Viedma, representing People’s R China, Spain, Italy, United King-
dom and South Korea countries, which mostly work on topics such as fuzzy ontology,
ontology, fuzzy description logic, fuzzy inference and fuzzy logic. Summing up, in the

3Note that the authors in all figures and text are named as in WoS.
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context of IS and their application, the main topics of interest are fuzzy ontology, its de-
scription with fuzzy description logic, and fuzzy inference.

5. Discussion

In this research, we have presented the results of a bibliometric analysis on the concept
of ontology and fuzzy IS. The concept of ontology and fuzzy IS has been analysed in
research papers for over 28 years, with consistently active publishing in the last ten years
(RQ1).

The analysis of the concept of ontology and fuzzy IS (RQ2) shows that it evolves over
time. At the beginning of its analysis (Fig. 3) (time interval (2008; 2012]) the main interest
was on agents (e.g. agent-based IS and fuzzy agent-based IS) and fuzzy inference. During
the medium time interval (2012; 2017], the following topics exhibited strong develop-
ment: 1) knowledge management, including formal concept analysis and similarity mea-
sure, as well as fuzzy reasoning and case-based reasoning, 2) computational intelligence,
including semantic similarity, gene ontology, fuzzy linguistic modelling, computing with
words, ambient intelligence, 3) fuzzy ontology and its description with OWL or fuzzy de-
scription logics, 4) decision support systems. During the most recent time interval (2017;
2022], the main developing topics are as follows: 1) recommendation systems and predic-
tion based on deep learning; 2) IoT; 3) decision-making; 4) knowledge retrieval from big
data, including image retrieval, sentiment analysis, social networks. Thus, we can observe
the evolution of IS applications over the years, transitioning from agent-based systems
to intelligent reasoning and recommendations driven by machine learning algorithms,
marking a shift from theoretical development to sophisticated practical applications (R2,
R3).

This research has found that according to the number of publications, Lee, CS, Wang,
MH and Bobillo, F are the leading authors contributing to the development of the concept
of ontology and fuzzy IS (RQ4). However, the most cited authors are Lee, CS, Straccia,
U, and Wang, MH (RQ4). Summing up, the leading authors according to the number of
publications and citations in the field of ontology and fuzzy IS remain the same. The
leading three countries in researching the concept of ontology and fuzzy IS (RQ5) are
People’s R China, Spain, and Italy. Nevertheless, the cooperation among authors and their
representing countries is weak enough (25.8%), authors work in closed groups (Fig. 7).
So, the cooperation between authors needs to be developed deeper in the future.

In summary, the integration of ontologies and fuzzy theory into traditional ISs leads
to the development of intelligent ISs capable of managing fuzzy and semantically rich
(ontological) information and ensuring knowledge recognition in various application areas
for intelligent reasoning, prediction, and recommendation.

Based on the results of the current research, we have proposed a better understanding
of the ontology and fuzzy IS concept, which can encourage further research directions in
IS development and application.
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5.1. Limitations of the Review

This bibliometric analysis is one of the very few attempts to provide an explanation of the
ontology and fuzzy IS concept through its systematic view in scientific papers. Despite
the relevance and scope of this study, it has some limitations that need to be clarified here.
This will provide valuable insights for defining directions for future research.

This research has a limitation in terms of using a single database. However, as ob-
served in our previous studies Kalibatienė and Miliauskaitė (2021b, 2021a) and Donthu
et al. (2021), when using multiple databases, we got a large number of duplicate arti-
cles, and their meta-data formats varied across different scientific databases, necessitating
additional pre-processing. Moreover, as recommended by Donthu et al. (2021), a single
scientific database can be used for bibliometric analysis to avoid possible human errors
during the aforementioned pre-processing. Since the search in WoS provided us with suf-
ficient and suitable formatted records (719) for bibliometric analysis, we opted for a single
scientific database. However, in future works, it would be interesting and possible to ex-
tend the bibliometric analysis to other scientific databases.

This bibliometric analysis provides a general view of the ontology and fuzzy IS con-
cept in Computer Science and Engineering. However, a more detailed and comprehensive
description and characterization can be achieved through a systematic literature review,
which will enable us to reveal additional features of ontology and fuzzy IS.

Furthermore, future studies should adopt various other techniques of bibliometric anal-
ysis to gain more valuable insights in this field.

5.2. Lessons Learned

The lessons learned from this bibliometric analysis are related to two main factors: 1) per-
forming a bibliometric analysis itself, and 2) a broader understanding of the concept of
ontology and fuzzy IS.

Nowadays, the number of scientific publications is rapidly increasing. Therefore, in
order to reveal new trends and summarize existing findings into the state of the intellectual
structure of a research topic, researchers have to review a huge number of scientific papers.
Therefore, various tools are emerging to support different stages of bibliometric analysis,
such as creating keyword co-occurrence maps. However, these tools employ various data
processing algorithms that produce different results from the same data. Therefore, when
applying a particular bibliometric analysis tool, it is essential to both learn how to use the
tool and perceive how its algorithms produce the results.

The current bibliometric analysis offers a broader understanding of the development,
applications and limitations of the ontology and fuzzy IS concept. It also uncovers existing
research gaps for further explorations and motivates to seek a deeper understanding of the
ontology and fuzzy IS concept through a systematic literature review.

It was also observed during the bibliometric analysis that sharing experiences and
knowledge among the researchers significantly contributes to the collective development
of future research and personal growth.
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6. Conclusions

This paper presents the bibliometric analysis on the concept of ontology and fuzzy IS,
providing systematization and generalization of the topic and grasping its main ideas.

The chronological analysis of publications on the concept of ontology and fuzzy IS
shows the consistent increase of the number of papers in the last ten years, indicating its
growing interest and relevance in both science and application.

The analysis of the concept of ontology and fuzzy IS, applying co-occurrence analysis,
demonstrates the evolution of this concept over the years from theoretical development to
sophisticated applications, including the possibility to collect, save, process, share and
reason with fuzzy and ontological information from big data.

Through the analysis of authors’ and countries’ co-occurrence and co-authorship, our
research reveals limited cooperation among authors and countries, indicating the need for
further development in the future.

The research of ontology and fuzzy IS concept should be continued in order to observe
and understand future development trends of the concept and to reveal potential knowledge
gaps and issues in intelligent IS applications.
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