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Abstract: This paper proposes a novel ontology, called SciOnt, for representing scientometric
indicators. Scientometrics is the field that studies quantitative aspects of science and scientific
phenomena. Scientometric indicators are used to evaluate scientific publications and research.
However, many indicators and their diversity make them challenging to understand and use. SciOnt
addresses this challenge by providing a formal and structured representation of scientometric
indicator knowledge. It defines classes, relationships, and instances of these indicators. The ontology
can be used for various purposes, including improving the analysis and comparison of scientometric
indicators, facilitating the development of new and more efficient indicators, and enhancing the
understanding and criticism of existing indicators. The paper details the methodology used to design
SciOnt, including identifying and classifying scientometric indicators, constructing the ontology with
Protégé software, and evaluating the ontology using expert feedback. Finally, the paper presents
visualizations of the SciOnt ontology structure using different tools.
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1. Introduction

Scientometrics is a field of study that examines the quantitative aspects of science, scientific
subjects and phenomena, scientific communication, research methods and development of science,
and science and technology policies (Vinkler, 2010; Mingers and Leydesdorff, 2015). Critical functions
of scientometrics include:

- Quantitative evaluation of scientific resources and publications

- Assessment of the quality and impact of scientific publications

- Examination of the inputs, outputs, and effectiveness of scientific publications

- Quantitative and qualitative evaluation of scientific publication owners, including authors,
researchers, universities, etc.

- Study of various aspects of scientific communication between researchers and scientific works

- Development of science and research policies and guidelines (Vinkler, 2010; Mingers and
Leydesdorff, 2015; Waltman, 2016; Glanzel et al., 2019).

Scientometric analyses study the quantitative areas of the science process, science policy, and
communication in science by focusing on the author, article, journal, and institution metrics and
understanding the related citations (Zakka et al., 2021). In this context, numerous indicators have
been proposed in scientometric studies, each with its function and objectives.

According to Vinkler (2010) indicators are scientometrics measures describing one or more
aspects of science and scientific research. The diversity of indicators has led researchers to categorize
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them in previous studies. For instance, Mahmoudi Topkanlo and CheshmehSohrabi (2023) provided
a comprehensive overview of their study’s different categorizations proposed for scientometric
indicators. In their view, classifying indicators makes understanding, studying, critiquing, and using
them more accessible.

However, despite the categorizations and the presentation of these indicators in many resources
and databases, it is still difficult to access all indicators in a single, organized, and structured manner.
As Bonacin et al. (2016) point out, in today’s world, accessing information about a concept or
phenomenon is not a challenge; instead, it is the retrieval of relevant information in the right place
and time in an easier way that is a challenge due to the unstructured nature of information
repositories and heterogeneous data forms. This challenge also exists in accessing and retrieving
information related to scientometric indicators.

One way to improve indicators’ access and precision is to design an ontology of indicators.
Ontologies are part of semantic web tools and play a significant role in knowledge representation,
generation, and sharing (Aminu et al., 2022). Ontology is a clear and explicit model in the field of
knowledge, including a set of concepts and relationships between them (Fathian Dastgerdi, 2023). An
ontology is a modeling tool that organizes concepts and relationships between them at the knowledge
and semantic level (Li et al., 2013).Ontology is a formal representation of a set of concepts of a subject
area and the relationships between them, which is used to gain knowledge of the subject area and
avoid the ambiguity of words, and is created by ontology representation languages like OWL and
RDF (Fathian Dastgerdi, 2016). By using the concepts and terms used in a domain and identifying
the relationships between these concepts, an ontology provides a shared and common understanding
of the knowledge of a specific domain (Ceccaroni et al. 2004). Through the shared understanding
created by ontologies, communication between people and organizations and collaboration between
different systems can be improved (Uschold & Gruninger, 1996). Noy & Maguinness (2001) identify
the following as the most important goals of ontology:

- Ability to analyze knowledge in a domain;

- Establishing terms and relationships between them;

- Separating knowledge from subject domains;

- Rearranging knowledge; and

- Sharing and disseminating a common understanding of the knowledge structure among
people and intelligent software.

Sugumaran (2016) also mentions that accurate information processing, information application,
sharing, reuse of knowledge, and discovery of new knowledge are some of the goals of ontology
creation. Ontology is “a formal and explicit specification of a shared conceptualization” (Gruber,
1993). An ontology provides terminology, central concepts, classification of concepts, and
relationships between them in a domain (Gasevic et al.,, 2009). The following paragraphs enumerate
the main ontology components (Slimani, 2015a):

a. Classes or concepts: also called types or universals, are a group of individuals that share
common characteristics used in a broad sense. In the SciOnt ontology, the “Measurement Method”,
“Measurement Unit”, “Measurement Tool”, and “Measurement Environment” are some of the main
classes.

b. Relations: In Ontologies, relations describe how individuals (instances or particulars) are
related. For example, in the SciOnt ontology, we related the two individuals “co-citation” and “co-
authorship” with “is related to” relationship (co-citation is related to co-authorship).

c. Instances: Instances are individuals that model concrete objects (people, proteins, machines).
In the SciOnt ontology, the class “Journal Indicators” includes “Eigen Factors Score”, “Journal Impact
Factor”, and “SJR Index” as individuals.

Noy and McGuinness (2001) explain some of the reasons for developing an ontology, including
“to share a common understanding of the structure of information among people or software agents”,
“to enable reuse of domain knowledge”, “to make domain assumptions explicit”’, “to separate
domain knowledge from operational knowledge”, and “to analyze domain knowledge”. By
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designing an ontology for scientometric indicators, it is possible to introduce and present all existing
indicators while outlining their semantic relationships, identifying their similarities and differences,
strengths and weaknesses, and applications. Additionally, by providing general knowledge about
them, the groundwork can be laid for evaluating and updating them and creating new, more efficient
indicators. Moreover, researchers, scientometricians, librarians, universities, and research
institutions can use the ontology of scientometric indicators. Therefore, this paper aims to provide an
ontology-based approach to the semantic representation of the indicators and relationships between
them in scientometrics. The SciOnt Ontology is the result of employing such an approach.

The rest of this paper is structured as follows. First, we reviewed the related literature. Then, we
discussed the methodologies used in this study to identify and classify scientometrics indicators and
the SciOnt ontology construction method. The Results section is divided into two parts, including
“ontology evaluation” and “ontology visualization”, in which we presented the criteria-based
ontology evaluation and the visual display of concepts and relationships (RDF graphs) designed with
popular Protégé visualization plugins. Finally, the Conclusion section is presented.

2. Literature Review

The significance and applicability of ontologies in knowledge modeling, organization, and
representation have prompted researchers in the field of scientometrics to pay attention to the design
of ontologies. In this regard, Archambault et al. (2011) designed a new journal ontology to simplify
the production of bibliometric data. They proposed a new journal classification consisting of a
hierarchical, three-level classification tree based on taxonomies. Categories were created based on
journal classifications (ISI, CHI, ERA). Journals were assigned to particular categories via a hybrid
approach, including algorithmic methods and expert judgment. This ontology is now freely available
at https://www.science-metrix.com.

Mohammadi Ostani et al. (2018) conducted a study to design an ontology in scientometrics
called ScientometricsOnt with the domain analysis approach. In this study, they first extracted
concepts related to scientometrics from books, articles, dictionaries, thesauruses, research projects,
and student dissertations. They identified the relationships and properties in the next step. Finally,
they designed the scientometricsOnt ontology with the Protégé 5 editor. The designed ontology in
this study comprises 185 concepts in scientometrics classified into 11 main classes, 20 relationships,
and 100 individuals. ScientometricsOnt can improve knowledge representation in Scientometrics.
This study does not provide a classification of indicators and only deals with the terms and concepts
of the scientometrics field.

Furthermore, semantic web technologies are used in citation analysis as a branch of
Scientometrics. For example, Xiao et al. (2018) suggested a new citation analysis method based on
semantic technologies (e.g., ontology and linked data) in three steps: citation ontology construction,
publishing linked data of citation information, and citation analysis method implementation. They
examined the conditions and requirements of each step in the context of citation analysis. Finally,
they presented a framework of an ontology-based citation knowledge service system with four core
layers: a data resource layer, an ontology layer, a semantic association layer, and a functional layer.

Artificial Intelligence and Natural Language Processing are essential in classifying citations into
different classes. For example, Ihsan and Qadir (lhsan & Qadir, 2021) developed the Citations’
Context and Reasons Ontology (CCRO) and used an ontology-based approach to extract citation
reasons. They defined ontology classes and properties based on two collections of citation sentences:
a publicly available corpus and a manually curated collection. Finally, they measured the accuracy
of both manual and automatic mapping.

In some studies, the need to use new tools in scientometric systems and indicators has also been
addressed. For example, Lopez-Rodriguez & Ceballos (2022) conducted a study to model
scientometric indicators using data mining techniques semantically. For this purpose, they used the
CRISP-DM methodology (CRISP-DM), a data mining process model. This methodology consists of 6
stages: Business Understanding, Data Understanding, Data Preparation, Modeling, Evaluation and
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Deployment. From their point of view, their proposed model can be used for representation,
discovery, search, and combination of scientometric indicators in different organizations, including
universities. Kozitsyn (2023) proposed using Thematic Search Algorithms in scientometric systems.
From this point of view, the large amounts of data in scientometric systems, the differences between
different subject areas, and the ambiguities and shortcomings associated with scientometric
indicators make using intelligent methods, including search algorithms, essential.

Motohashi et al. (2024) studied the reciprocal relationships between science and technology
using text mining and clustering techniques. The study population was data on articles and patents
from Japan. The findings suggest an increasing connection trend between science and technology,
although the speed of growth of the science-technology link varies across different subject areas.

As can be seen, ontology has been used to represent knowledge in scientometrics. Using
ontology to introduce and present various scientometric indicators can be very helpful for
universities, research centers, librarians, and researchers. This is especially true since research has yet
to be done in scientometrics indicator ontology. This research can be the basis for further research in
this field.

3. Materials and Methods

The current research method consists of two parts as follows:

A. Identifying and Classifying Scientometrics Indicators

At first, documentary analysis was used to identify scientometrics indicators. For this purpose,
various indicators used to evaluate scientific and technical publications were identified by examining
various texts, articles, and sources in Scopus and Web of Science databases. Some indicators have
already been classified in some texts (Braun et al., 2006; Vinkler, 2009; Viiu, 2016), but by studying
them more closely and taking into account their similarities, differences, or functions, we also
identified other categories. Overall, 31 categories were finally identified. In the next step, The Delphi
technique was used to obtain the opinions of experts in the metric fields on the identification and
classification of indicators for scientific and technical publications. The members of the Delphi panel
were researchers, professors, and experts in the fields of bibliometrics, scientometrics, informetrics,
webometrics, and altmetrics, who were selected through purposive sampling. As we emailed the
experts a participation request, twenty-five experts finally agreed to cooperate in this research. The
most crucial point in research conducted using the Delphi technique is reaching a consensus on
opinion. In this regard, most experts consider it appropriate to repeat data collection three times
(Brady, 2015; Skinner, 2015). In the present study, the Delphi technique was repeated three times. In
the third time, the panel members agreed on the indicators and their categories. Kendall’s coefficient
of concordance and one-sample t-test were used to check the level of agreement between the panel
members, and the results of the tests indicated a high level of agreement between the panel members.
Finally, based on the results of the Delphi study, the scientific indicators were categorized into 34
subclasses and eight main classes. The eight main categories were: 1) measurement method, 2)
measurement unit, 3) measurement tool, 4) measurement purpose, 5) measurement development, 6)
measurement source, 7) measurability, and 8) measurement environment. Based on this, the initial
model for the design of scientometrics ontology was formed (Mahmoudi Topkanlo;
CheshmehSohrabi, 2023).

B. The SciOnt Ontology Construction Method

The SciOnt Ontology model provides a semantic representation of the indicators and
relationships between them in scientometrics. Other ontologies in scientometrics and related
domains can easily reuse this ontology. There are different ontology development tools such as
WebOnto, OntoEdit, Protégé, OilED, Ontolingua, WebODE, etc. The SciOnt was built using protégé
desktop V.5.5.0.
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Protégé is an ontology editor created at Stanford University and is very popular in Semantic
Web and computer science research. Protégeé is free, developed in Java, and its source code is released
under a free license (the Mozilla Public License). Various formats, including RDF, RDFS, OWL, etc.,
can be created and edited with Protégé, and it is suitable for large-scaleOntologies (Slimani, 2015b).
It is open-source, easy to learn and use, standalone, user-friendly, and fully supports OWL language.
It offers plugins for graph visualization of ontology and has a large user community (Mukabunani,
2017). Protégé has become the most widely used software for building and maintaining ontologies
(Musen, 2015).

This paper employed the Noy and McGuinness (2001) methodology as a general approach to
designing SciOnt ontologies. However, after creating instances, we added a step (Matching
individuals with BiDO) to this approach. Figure 1 indicates the Noy and McGuinness Methodology
for designing ontology.

‘. Step 1: Determine the domain and .

scope of the ontology
| ' | | ’ |
Step 2: Consider reusing existing Step 5: Define the properties of
ontologies classes (slots)

- Step 3: Enumerate important terms | | Step 6: Define the facets of the |
in the ontology slots

| Step 4: Define the classes and the | | Step 7 Create instances |
class hierarchy

Figure 1. Noy and McGuinness Methodology (Noy and McGuinness, 2001).

The following steps explain the SciOnt Ontology designing method.

1. Defining classes and class hierarchical structure

We organized the classes into a hierarchical taxonomy, including classes and subclasses,
according to the main concepts (indicators) identified in the Delphi panel. This ontology has 43 main
classes that are organized into eight main classes including “Measurement Method”, “Measurement
Unit”, “Measurement Tool”, “Measurement Purpose”, “Measurement Development”,
“Measurement Source”, “Measurability”, and “Measurement Environment”. The main classes and
the class hierarchical structure of the SciOnt ontology, which have been designed in Protégé, are
shown in Figures 2 and 3, respectively.
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Class hierarchy: owl:Thing EI

% Ass

v-@
¥ (0 Evaluative_Scientometrics
- () Measurability
- Measurement_environment
- Measurement_method
- Measurement_purpose
- Measurement_source
- Measurement_tool
- Measurement_unit
- Measurment_development

Figure 2. The main classes of SciOnt.

Class hierarchy: FElIHEMEE
Asserted -

v (0 owl:Thing
w0 Evaluative_Scientometrics
B ) Measurability
p-- ) Measurement_environment
¥-- () Measurement_method
-~ @ Hybrid_indicators
- Qualitative_indicators
-~ Quantitative_indicators
¥-- ) Measurement_purpose
- () Effectiveness_indicators
- (0 Productivity_indicators
-~ () Reputation_indicators
p-- ) Measurement_source
) Measurement_tool
-~ ) Citation-based_indicators
- Collaboration_indicators
- Content_indicators
- (0 Numerical_indicators
- ) References-based_Indicators
-~ Structural_indicators
v () Measurement_unit
-~ Article_Indicators
- Book_indicators
- Country_Indicators
- () Discipline_indicators
-~} Indicators_of_corporate_author
- 0 Indicators_of_personal_author
- Journal_lndicators
- () Patent_indicators
- (0 Thematic_indicators
b 00 Measurment develonmeant

Figure 3. The class hierarchy of SciOnt.

According to Figure 3, the “Measurement Unit” has nine subclasses, including “Article
Indicators”, “Book Indicators”, “Country Indicators”, “Discipline Indicators”, “Indicators of the
Corporate Author”, “Indicators of the Personal Author”, “Journal Indicators”, “Patent Indicators”,
and “Thematic Indicators”. In ontologies, each class inherits the characteristics and properties of its
higher class.

2. Defining the properties of classes

After designing the classes, the properties and relationships between them were described. In
the hierarchical structure (Figure 3), the classes and subclasses are related by an “is-a” relationship.
The “is-a” relationship, for example, indicates that the “Journal Indicators” class is a type of the
“Measurement Unit” class. Furthermore, this ontology defines several “object properties,” “data
properties,” and “annotation properties” to represent different relationships between instances. We
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defined the “is-related-to” object property to represent, for example, the relationships between three
individuals, “degree centrality”, “closeness centrality”, and “betweenness centrality” (degree
centrality is related to closeness centrality).

Furthermore, we defined seven data properties, including “alternateTitle”, “dc:references”,
“dcterms:created”, “dcterms:description”, “doi”, “hasURL”, and “proposedBy”, to relate the
individuals to data types (e.g., integer, string, Literal, dataTime, anyURI, language, etc.). For example,
the data property “dcterms:description” relates the “Scientometrics Indicators” class to the “string”
data type (Scientometrics Indicators dcterms:description xsd:string).

The SciOnt ontology also has some annotation properties such as “rdfs:comment”,
“rdfs:seeAlso”, “skos:prefLabel”, “rdfs:isDefinedBy”, “schema:image”, etc. For example, we used the
“skos:prefLabel” to represent the Persian labels of individuals and classes and “rdfs:isDefinedBy” to
assign the IRIs to the individuals. The “schema:image” was used to indicate the images related to
individuals, and the “rdfs:seeAlso” was used to specify the references (articles, books, etc.) associated
with individuals. Figure 4 shows some annotation properties used to describe the “Altmetric
Indicators” class.

Active ontology = | Entities = | Classes x| Object properties = | Data properties = | Annotation properties | Individuals by class = OWLViz = DL Query = OntoGraf x SPARGL Query =

Class hierarchy | Class hierarchy (inferred) Annotations | Usage

Asserted v,

Thing ske
Evaluative_Scientometrics

abel [type: xsd:string]

Measurability oyl o
Macro-indicators skosprefl abe sd's
Size dependent indicators skos:preflabel  fype: xsd:string]
Size-independent_indicators e figh gmils
Time-dependent_indicators
Time-independent_indicators rdfs.comment  [type: xsdstring]
Measurement_environment These ars indicators hat examine the status of scintific and technical publications an social networks such as Twiter, Mandeley, and Facebook.
Online_indicators_for_non-standard_academic_outy 1dfs:seeAlso [ype: xsd stiing]
Web_indicators Haustein, 8., Peters, 1, Sugimata, C. R., Thelwall, M., and Lariviére, V., Tweeting biomedicine: An analysis of tweets and citations inthe hiomedical ifterature. Journal of the
Measuremenl_method Association for Information Sciznce and Technology, 2014, vol. 65, no. 4, pp. 656-669
Hybrid_indicators
Qualitative_indicators rdfsisDefinedBy

Quantitative_indicators
Measurement_purpose
Effectiveness_indicators
Productivity_indicators -
- Reputation_indicators O
Measurement_source _,;
Indices_based_on_general_citation_databases
Indices_based_on_specialized_citation_databases
Measurement_tool
i @ Citation-based_indicators

https /izn wikipedia. orgiwiki/Altmetrics

schemaimage

Instances

Collaboration_indicators
Content_indicators
Numerical_indicators
References-based_Indicators
Structural_indicators

. number_of_articles_downloaded_on_social_networks
. number_of_articles_viewed_on_social_networks
. number_of_journals_downloaded_on_social_networks
4 number_of_journals_viewed_on_social_networks

No Ressoner set. Select a reszoner from the Resscner menu v/ Show Inferences 4

Figure 4. Annotation properties for the “Altmetric Indicators” class.

In Figure 4, in the “Annotations” window, we created two Persian labels through the
“skos:prefLabel” and defined their data types as “xsd:string”. Then, a definition of the “Altmetric
Indicators” class (xsd:string) was provided using the “rdfs:comment” property. To improve the
knowledge level in this system, we searched for various references (e.g., articles, books, etc.) related
to each individual. We represented their bibliographic information using the “rdfs:seeAlso”
property. We used the “rdfs:isDefinedBy” property to assign URLs to these references or related
links. So, we assigned a Wikipedia URL (https://en.wikipedia.org/wiki/Altmetrics) to the Wikipedia
page associated with Altmetrics. We also provided an image of the “Altmetric Indicators” class via
the “schema:image” property.

3. Creating Instances

Another part of ontology designing is adding instances and members to the defined classes.
Each class contains several individuals that have common characteristics. The SciOnt Ontology has
97 individuals assigned to the classes.

Figure 4 indicates the individuals for the “Altmetric Indicators” class (e.g., “number of articles
downloaded on social networks”) at the bottom of the image. Another example is the “Journal
Indicators” class which includes the individuals “Eigen Factors Score”, “Journal Impact Factor”, and
“SJR Index”. Figure 5 indicates how we specified object properties, data properties, annotation
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properties, and the type of “Journal Impact Factor” individual (which belongs to the “Journal
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Figure 5. Specified properties for the “Journal Impact Factor” individual.

According to Figure 5, the type of individual is specified in the “Description: journal impact
factor” window, which determines that this individual is a subclass of the “Journal Indicators” class.

Figure 5 provided an image of the “Journal Impact Factor” using the “schema:image” annotation
property. Data and object property assertions can be defined in the “property assertions” window.
So, the Wikipedia URL to the “impact factor” page was provided using the “URL” property. Another
name for the individual (IF) was specified by the “alternateTitle” property, and the
“dcterms:description” property was used to describe the individual clearly. Furthermore, we used
“proposedBy” to identify the person who first introduced or proposed the “Journal Impact Factor”
term and used the “created” property to indicate when this term was created or introduced
(xsd:dateTime). As shown in Figure 5, the “Journal Impact Factor” was introduced by Eugene
Garfield and discussed in various articles, blogs, etc. So, we represented the bibliographic
information of the related references by the “dc:references” property and then defined the
references DOIs by the “doi” property.

Another example of an individual represented in the SciOnt Ontology is “Bradford’s Law”. Just
like the previous individual (Journal Impact Factor), we defined various properties such as
“schema:image”, “dcterms:description”, “hasURL”, “alternateTitle”, “proposedBy”, etc., for the
“Bradford’s Law” individual (Figure 6).
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Figure 6. Specified properties for the “Bradford’s Law” individual.

4. Matching individuals with BiDO (the Bibliometric Data Ontology"

The Bibliometric Data Ontology (BiDO) is a modular ontology that allows the description of
numerical and categorical bibliometric data (e.g., journal impact factor, author h-index, E-index, etc.)
in RDF. The BiDO is part of SPAR (Semantic Publishing and Referencing) Ontologies that concern
the specification of qualitative and quantitative evaluations of a bibliographic resource or an agent
(Peroni & Shotton, 2018). The SPAR Ontology Network is a suite of orthogonal and complementary
ontology modules to describe the scholarly publishing domain?. BiDO includes three distinct
ontological modules:

- BiDO Core Module

- BiDO Standard Bibliometric Measures module

- BiDO Review Measures module

We used the “BiDO Standard Bibliometric Measures module” to match the SciOnt individuals.
This module describes a list of possible bibliometric measures that can be used to define bibliometric
data of publication-related entities?. It includes four individuals:

“author citation counts”, http://purl.org/spar/bido/author-citation-count

“e-index”, http://purl.org/spar/bido/e-index

“h-index”, http://purl.org/spar/bido/e-index

“journal impact factor”, http://purl.org/spar/bido/journal-impact-factor

In this section, we matched the BiDO and SciOnt individuals to improve and enrich our ontology
knowledge. Since all the BiDo individuals existed in the SciOnt ontology, we assigned the BiDO
individuals’ URIs to the same individuals in the SciOnt ontology.

4. Results and Discussion

This section is divided into two parts, including “ontology evaluation” and “ontology
visualization”, in which we presented the criteria-based ontology evaluation and the visual display
of concepts and relationships (RDF graphs) designed with popular Protégé visualization plugins.

4.1. Ontology Evaluation

Ontology evaluation is the final stage of ontology design. The evaluation may include clarity,
consistency, extensibility, accuracy, completeness, comprehensibility, and the like (Haghighi et al.,

1 http://purl.org/spar/bido

2 http://www.sparontologies.net/ontologies

3 https://sparontologies.github.io/bido-standard-bibliometric-measures/current/bido-standard-bibliometric-measures.html
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2013). In this study, the criteria proposed by Xing et al. (2019) were used to evaluate the ontology,
which includes five criteria: 1) Completeness, 2) Correctness, 3) Extensibility, 4) Conciseness, and 5)
Clarity (transparency), which evaluates the ontology in terms of content. The opinions of 10
scientometrics experts who collaborated in the first part of the study were used to evaluate these
criteria. The ontology evaluation process was such that in a meeting, the experts expressed their
opinions after observing and investigating the ontology, and the desired corrections were made until
a consensus and agreement were reached by all members. Table 1 shows the ontology evaluation
criteria.

Table 1. Criteria-based ontology evaluation (Xing et al., 2019).

Row Components Statements

- The classes are complete.
1 Completeness - The class hierarchies are complete.
- The domains and ranges of the relations defined in the class
hierarchy are complete.

2 Correctness  The real-world concepts represented in the ontology are correct.
- The proposed ontology has the possibility of being extended to
support risk identification applications involving other risks.

- The proposed ontology has the possibility of being extended to
be used in other specific application domains.

The proposed ontology doesn’t include unnecessary concepts or

3 Extendibility

4 Conciseness :
redundancies.
- Concepts are defined without subjectivity.
5 Clarity - Concepts have been documented using natural language.

- Concepts can convey their intended meanings that conform to
the knowledge comprehension of users and computers.

4.2.0ntology Visualization

This section indicates the SciOnt ontology structure of concepts and relationships with some of
the Protégé visualization plugins, providing an easy-to-interpret visual display. Protégé provides
various plugins for ontology visualization, such as OntoGraph, OWLPropViz, OWLViz, NavigOWL,
etc. Figures 7 to 13 indicate the SciOntgraphs designed with the OntoGraph and OWLViz plugins
and the WebVOWL Editor web application. OntoGraph and OWLViz Plugins are installed by default
in version 5.5 of the Protégé. WebVOWL is a web application for the interactive visualization of
ontologies. It implements the “Visual Notation for OWL Ontologies (VOWL)” by providing graphical
depictions for elements of the Web Ontology Language (OWL) that are combined to a force-directed
graph layout representing the ontology*. Figure 7 indicates the graph view of the SciOnt ontology
with the OntoGraph plugin.

4 http://vowl.visualdataweb.org/webvowl.html
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Figure 7. The graph view of the SciOnt ontology with OntoGraph.

Figure 8 indicates the graph view for the “Journal Indicators” class and its individuals designed

by the OntoGraph plugin.
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Figure 8. The graph view of the “Journal Indicators” class with OntoGraph.

Figure 9 indicates the defined properties of the “Journal Impact Factor” individual.
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Figure 9. The graph view of the defined properties for the “Journal Impact Factor”.

Figure 10 indicates the graph view of the SciOnt ontology designed with the OWLViz plugin.
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Figure 10. The graph view of the SciOnt ontology with the OWLViz.

We designed the graph view of the SciOnt ontology with the WebVOWL Editor (Figures 11 to
13). To develop the graphs with WebVOWL, we uploaded the RDF/XML file of the SciOnt ontology
in WebVOWL and created the ontology graphs.
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Figure 13. The graph view of the “Journal Indicators” class with the WebVOWL.

5. Conclusions

Scientometric indicators are essential for analysis and decision-making related to science and
scientific publication. The diversity of scientometric indicators makes it difficult to understand and
study them. Semantic tools such as ontologies can help better understand scientometric indicators,
analysis, criticism, and the development and creation of new indicators. Ontologies can be used to
create a shared understanding of scientometric indicators, making it easier to analyze, compare, and
criticize them. Ontologies can also be used to develop new scientometric indicators that are more
accurate and relevant to the needs of researchers and policymakers. On this basis, the design of a
scientometric indicator ontology was considered in this study. We designed the SciOnt ontology and
concluded that using ontologies can help overcome the challenges of understanding and using
scientometric indicators. We proposed a scientometric indicator ontology that can be used to
represent the knowledge about scientometric indicators in a formal and structured way. This
ontology could then be used to improve scientometric indicators’ analysis, criticism, and
development.
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