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Abstract 

Ontology development methodologies offer systematic approaches for the design, construction, and 
maintenance of ontologies, which are fundamental to effective knowledge representation across various 
domains. With the increasing demand for semantic integration, data interoperability, and advanced 
reasoning, these methodologies have become central to how domain-specific knowledge is structured and 
utilized. While multiple tools and techniques exist to support ontology creation, there remains no 
universally accepted standard for ontology design.This study provides a critical review of key ontology 
development methodologies used in knowledge representation across multiple domains, focusing on their 
effectiveness in producing consistent, reusable, and scalable ontological systems. The review covers 
literature published between 2018 and 2024, sourced from major academic databases. The evaluation 
process involved selecting a broad range of relevant studies, examining the methodologies presented, and 
comparing the various strategies employed to build ontologies whether developed from the sratch or 
reused from existing models. Consideration was also given to the use of ontology languages and editing 
tools. Findings from the review reveal that many methodologies effectively integrate core ontology 
engineering principles with aspects of software engineering. However, the analysis also highlights several 
limitations, such as methodological gaps and inconsistencies that can hinder the development of robust 
knowledge representation systems. 
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Introduction  

The Semantic Web (SW), also known as the Web of Knowledge, has been a central topic of research for 
several years. Often described as Web 3.0, or the "web of meaning" (Hitler & Janowicz 2013), it is not a 
separate entity from the current web (Web 2.0) but is expected to evolve gradually from it (Grigoris & 
frank-van 2008). Different from the current web, unable on the one side to offer machine interpretability 
and on the other side to offer accurate information reaching, the Semantic Web primes to allow harmonious 
interaction between humans and machines (Noh 2015; Pan 2016). For the vision to be realized, a crucial 
technology, called ontology, is argued to be essential (Wang et al, 2013). Both the Semantic Web and 
ontologies are valuable means for knowledge modelling and inference, which are key to building intelligent 
systems (Pattuelli et al, 2015; Ramos 2015). In Computer Science, ontology represents a logical system, 
which may be expressed in knowledge representation languages such as First-Order Logic (FOL) or the 
popular Web Ontology Language (OWL) (Sanfilippo & Borgo, 2016). In the same sense, ontology can be 
seen as a data modeling technique for organizations with structured data repositories, based on a set of 
concepts, the semantic relationships between them and their restrictions in a particular knowledge domain. 
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The power of ontologies is best measured by their ability not only to define relations between classes and 
instances, but also to attribute causal properties to these relations, and to make inferences. (Meriyem et al, 
2015; Thomas 2009; Wei et al 2012). A common definition of ontology (Barao et al, 2017), courtesy of 
(Gruber 1993), defines ontology as an explicit and formal representation of conceptualization. In the 
present, "explicit" means a semantic clarity of terms and boundaries in a real-world setting, "formal" 
highlights the orderly and machinable character of the model, and "conceptualization" describes the 
modeling of real-world scenarios in an abstracted manner with the aim of identifying the relevant terms. 
 
Actual-world situations e.g., (agriculture, manufacturing, automation, construction, cybercrime, supply 
chain medicine, sports, religion, arts, and entertainment, and others), are often stated as domains (Dou et al 
2015; Kang et al 2014). Ontology is defined as an agreed-upon knowledge of a particular field of study, 
which is able to provide a unifying framework to solve problems (kang et al 2014). Shared" emphasizes the 
role that ontology has in collaborative solutions to practical problems. In particular, as a semantic model, 
ontology offers a platform for accurate (i.e., granular) data integration and sharing. This ability allows 
ontologies to efficiently handle data inconsistency issues in distributed systems (Dnyanesh & Rahul, 2011). 
Researchers have utilized ontology to define a shared vocabulary within a domain, facilitating information 
sharing and reuse (Pratibha et al, 2011). In addition, the design of inference driven applications for real-
world applications requires a rich data model, i.e., ontology, to standardize the vocabulary (Agyaponga-
Kodua et al, 2013). It is also crucial to know why ontology development is done, namely sharing a common 
understanding of information structures among people or software agents, enabling the reuse of domain 
knowledge, making domain assumptions explicit, separating domain knowledge from operational 
knowledge, and analyzing domain knowledge (Noh 2015, Noy & McGuiness, 2001). 
The creation of an ontology is an iterative engineering activity that is also difficult, tedious and time-
consuming (Alexander 2006), and therefore it needs a well-designed methodology, which resembles 
software development. Nevertheless, there is no consensus for ontology creation (Anusha et al, 2015 & 
Bhaskar2010). As described by (Noh 2015), there is no “one size fits all” methodology for ontology design; 
whether an ontology design uses a particular methodology depends on the preferences of the designer. 
As activities that should be appropriately dealt with, the activities of pre-development, development, and 
pos-development activities must not be neglected in order to build ontologies that follow the principles of 
reusability and semantic stability (Dnyanesh & Rahaul,2011). According to the broad literature presented 
in this paper, the most popular techniques are the approach proposed by (Saad & Shaharin 2016; Suarez-
Figueroa et al, 2015) and others Ast M et al 2014). Languages ontology representation and editors (ontology 
management tools) play a fundamental role in the ontology creation process, supplementing ontology 
methodologies (Munir & Anjum, 2018). Nevertheless, in this review, attention is focussed on ontology 
development techniques, since they are the basis of the development process. The choice of ontology 
management tools for a selected method of ontology construction is ultimately driven by the expressive 
power of the ontology that is intended to be built. Those following the World Wide Web Consortium (W3C) 
standards, and others, for example, XML Topic Map (XTM) (Jarvenpaa et al, 2019), adhere to the 
International Organization for Standardization (ISO) standards. Of W3C standard languages. OWL is the 
language being used more and more owing to its expressive capacity (Caroll et al, 2015; Hacherouf et al 
2015; Sengupta & Hiltzler 2014). Ontology editing applications include the software Protégé (Chujai et al, 
2014; Enesi & Adewale 2015), and Protégé is well known for its role in shaping and maintaining ontologies. 
Despite the growth in the use of ontologies as a reliable way to structure and represent knowledge at the 
same time, development of ontologies in different domains is an ongoing issue. These issues arise as each 
domain brings with it a different context, which the ontology has to fit into, as well as the present limitations 
of what is achievable in terms of ontology development. Standardization remains an area of great concern. 
There are very different frameworks and guidelines in the development of ontologies, which in turn 
produces large differences in how they are designed, presented, and integrated within various domains. This 
issue also causes a lack of standardized approaches that hampers interoperability and complicates the reuse 
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of ontological models in multi-domain applications. In health, education, finance, and agriculture, each 
field has its own language, frameworks of thought, and set of practices. General purpose methods may not 
be able to address this issue without great adaptation, which in turn reduces their performance and scale in 
very specific settings. 
 

Related Works 
 
An ontology development paradigm acts as a roadmap for ontology developers (Wei et al, 2012). Many 
proposals for ontology creation have been made (Brusa et al, 2008; K Jacksi 2019; M Ashburner et al 2000, 
Ahmed et al 2018). Nevertheless, there is no agreement between researchers regarding a standard 
methodological approach for the creation of ontologies in different domains. As a result, ontology projects 
tend to either use or design their own method appropriate to the particular area of discourse. A method of 
choice or design is generally selected or designed with regards to the requirements of the application and 
to the likely future of the ontology (Noy et al, 2001). Previous work done on ontology design methodologies 
has contributed significantly to the development and standardization of effective practices in building 
ontologies. A comparative analysis was carried out on the most cited ontology design methodologies is 
described later in this section. The review analysis in building ontology methodologies was based on 
ontology characteristics which are user-centered design, modular design, and domain-oriented design. The 
iterative development process for design science research incorporates design principles and competency-
based evaluation. 
 
Gawich et al, (2012) presented a methodology for building ontologies the project called kactus. The main 
objective of this author for this methodology was to evaluate the feasibility of a complex system knowledge 
reusability. This methodology stated the following processes: it produces a list of tasks and terms; augments 
the domains concepts and relations identified during the previous step; provides a specification of the 
application to know the application views of components and context. The methodology makes a 
preliminary design based on the relevant top-level ontological categories taking as input the list of terms 
and tasks developed during the previous phase, redesigning the structure of the ontology in order to make 
a definitive design, augment the domain with the concepts and relations identified during the previous steps. 
Thus, the challenges in this kactus methodology is the lack of a  a clear evaluation process. 
 
Guha et al, (1992) described the methodology they followed to build the Cyc ontology at the 
Microelectronics and Computer Technology Corporation. Cyc ontology processes large amounts of 
common-sense knowledge with the important attempt of codification. The authors described a method 
composed of three processes to build the ontology, which were computer aided codification of knowledge, 
codification and manual extraction of knowledge, and computer-human aided extraction and codification 
of knowledge. This method of this Cyc project is not oriented to answer a determined collection of 
competency questions but it rather covers a wide spectrum of common-sense knowledge. 
 
As reported by (Schreiber 2013), Common KADS is a vital methodology for knowledge base representation 
systems not specifically tailored for design and construction of ontologies. However, this is a methodology 
which includes components for reuse and this methodology recognizes the essence of knowledge-model 
elements or a combination of them, with the fact that many parts of a given model are not recurring and 
reused in different domain field. Common KADS methodology is known for knowledge identification, 
consisting of getting familiarized with information sources, glossary and scenarios, knowledge 
specification and identification of component for reusability. It helps to choose the task template in the 
domain conceptualization, and knowledge refinement phases, which validates the knowledge model with 
complete knowledge bases. 
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Suarez-Figueroa et al, (2015) focuses on the use of ontology design patterns (ODP). This methodology 
establishes the reutilization of ontologies from a public ontology repository and a set of known ontology 
designs patterns to integrate them by means of  a re-engineering process.  In general, the methodology 
defined here are the use of available design patterns, where requirements are identified followed by dividing 
and transforming the problem into partial problems, matching the problem with ontology design patterns, 
selecting the patterns, making a composition of selected patterns, evaluating the patterns design solution 
and integrating partial designs solutions. The NEON methodology depends on the existence of a repository 
of ontology common problems and a collection of ontology design patterns associated with general use 
cases (M.c Suarez-Figueroa. 2012). in this scenario the competency question will be specified in line with 
the methodology and the use case study. This work proposes the  the utilization of additional tools to support 
the end users in the validation and correlation of competency questions. 
 
 Pinto et al, (2004), who reported diligent as another ontology methodology which combines ontology 
engineering with other related disciplines such as data integration, metadata management, and semantic 
annotation. It emphasizes the alignment of ontologies with existing standards and good practices in various 
domains. Diligent methodology follows a modular and layered approach, focusing on ontology reuse, 
ontology mapping and the integration of ontologies into existing information systems. 
 
Noh (2015),  reported a methodology to build ontologies consisting of the following steps:(1) determine 
the scope of the study and the domain of the ontology, (2) highlight the important terms, (3) reuse existing 
ontologies, (4) define classes, and class hierarchy, (5) define properties of classes, define facets of 
properties, and create instances. The methodology does not include an evaluation step but is well explained. 
 
The methodology presented by Uschold & King (1995) focuses on the development of high-qualities 
ontology based on a sound theoretical framework. It emphasizes conceptual clarity, consistency, and 
formalism. The methodology involves stages such as identification of the domain and scope, definition of 
key terms and concepts, evaluation of the ontology against specific criteria and identification of 
relationships. 
 
Saad & Shaharin (2016) focuses on ontology development using the protégé ontology editor. It provides a 
user-friendly interface for creating, editing, and managing ontologies. The methodology emphasizes the 
integration of reasoners to support logical inference and classification. The Protégé- framework enables 
collaborative development, ontology reuse, and integration with other tools and systems. 

 
Methodology for literature exploration 

 
This systematic literature review makes use of a literature search with a systematic process as the method 
adopted for the review. A comprehensive literature review was conducted using Google Scholar, 
ScienceDirect, and Scopus as search engines, spanning the period from 2018 to 2024. The search was done 
on the search engine using the following phrase or set of keywords  “Ontology development methodologies 
for knowledge representation system for different domains”. This review was initially motivated by the fact 
that ontology is demonstrating its effectiveness as a model for representing complicated information, which 
is accomplished through established procedures. Ontology hacking is an unethical technique that results 
from ontology design without methodology, which does not comply with software engineering principles. 
Even though there is not a system of ontology design methodology that is perfect, ontology design must be 
based on a certain approach (Noy & McGuinness (2001). Therefore, the aim of this paper is to review 
existing ontology development methods for knowledge representation for different domains and identify 
the strengths and weaknesses in building the ontology. This study examines a broad range of works 
pertaining to modeling complicated knowledge, ontology design methodology, and ontology design for 
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different domains (Dnyanesh & Raul 2001). Ontology representation, ontology-based information retrieval 
techniques, ontology management tools, and related resources obtained from reliable online sources. The 
relevant theoretical insights and the shortcomings of formal procedures in ontology design methodology 
serve as the driving forces behind the systematic literature analysis. Among the factors taken into 
consideration for study were the ontological domains, subject granularity, ontology developed from scratch 
or reused, and methodologies employed across various platforms (Rizwan et al 2013; M.Gawich et al, 
2012). The search database generated a total number of 131 articles on the topics at hand and the articles 
were filtered and some articles were removed based on the analysis of the title, methodology and abstract. 
In addition, 85 articles were excluded. Furthermore, 25 out of the remaining articles also dropped due to 
the unsatisfactory results of the findings. Hence, after careful consideration 15 articles are found suitable 
for this review study with different characteristics such as title, abstract, methodological approach and the 
results. Details of the completed search and their results are displayed in figure 2 below as follows: 
 

 
Figure 1: Steps for Review   
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Figure 1 illustrates the steps involved for the systematic literature review. Step 1 relates to conducting  a  
search for literature that is aligned to the pre-defined knowledge area. and the removal of duplicates  Step 
2 reviewed the titles, keywords, abstracts and excluded those that did not match the selection criteria. Step 
3 reviewed full texts, and the introduction, and  developed additional criteria  for further inclusion and 
exclusion. Step 4 extracted relevant information from papers to answer questions RQ in Figure 1. Step 5 
synthesized the literature according to classification of predefined topic, contribution of ontologies, scope 
of the ontology development, methodology and granularity of the ontology. Step 6, discussed the results, 
outlined the gaps and provided future research recommendations and finally step 7 is completed review 
paper. 
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Figure 2: A systematic database search 

 
 

Discussion 
 
In this review, research questions formed the focus of this paper. The research questions are related to the 
ontology methodology and the evaluation metrics as specified in guidelines for the principles of software 
(ontology) engineering. The following evaluation criteria are listed as follows: 
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i. First resercah question criteria was on the methodology design for different domain ontology 
reuse/developed from scratch with language editor- This phase involvd a consideration of the 
literature title, domain, methodology, language editor, scratch/reuse, ontology language. 

ii. Second research question criteria pertained to a comparison of the methodologies for creation of 
domain ontologies from 2018-2024. 
 

1. ONTOLOGY METHODOLOGY ACROSS DIFFERENT DOMAINS 
Table 2 shows the analysis of methodological design for different domain ontologies, which were built  
either from stractch or reusedas well as the ontology language editor used The approaches were used for 
the different starting domains' modeled ontologies. However, they are utilized for ontology modeling in 
any field. For instance, the manufacturing domain (Anusha et al 2015; Godpower 20216) and the 
Biomedical domain (Abdelghany  et al, 2019) both used (Noy & McGuiness 2016) to model ontology. 
(Uschold & king, 1995)  were involved in the development of cybercrime and automated vehicles Ontology 
(Ceccaroni et al, 2000). Moreover, based on the review of over 100 high-impact articles, this study found 
that the middle-out approach appears to be the more prevalent method for identifying ontology concepts, 
as noted in both G. Brusa et al. (2008) and Kim et al. (1995)."The top-down approach was well-liked in the 
study conducted by the (Saad & Shaharin, 2016). In a similar vein, developers use OWL and Protégé more 
often than the dozens of ontology management tools (both private and open source) available, even if 
webODE and ontoEdit were created specifically for the methodology. Additionally, Table 1 showed some 
ontologies modeled for different domains that took into account the first resercah question  set of 
requirements based on the literature examined on domains, language editor, methodologies, build from 
scratch or reuse and ontology language 
 

Table 1: Methodology and ontology language editor usage across different domain  

Literature  Domain Methodologies Ontology 
Language 
Editor 

Build from 
Scratch or 
Reuse 

Type of 
Ontology 
Language 

(Jarvenpaa et 
al, 2019) 

Manufacturing  Gruniger & 
Fox 

OWL and 
Protégé  

New Web Based 
Ontology 
Language 

(Sanfilippo et 
al, 2019) 

Manufacturing  Gruninger & 
Menzel  

OWL and 
Protégé  

New  Web Based 
Ontology 
Language  

Haendel et al 
(2018) 

Biomedical 
Disease  

Noy-
McGuiness and 
Arp 

OWL2-DL 
and protégé  

New Web Based 
Ontology 
Language 

Kim et al, 
(2018) 

Supply Chain 
Ontology  

Noy and 
McGuiness 

OWL and 
RDF 

New Web Based 
Ontology 
Language  

Guizzardi 
(2020) 

Review 
Ontology 
Development  

Methontology, 
Gruninger and 
Fox, Noy and 
McGuiness 

OWL New Web Based 
Ontology 
Language  

Palagin et al, 
2024) 

Automation 
Construction  

Fox, Noy and 
McGuiness 

SWRL, 
N3Logic, RIF, 
OWL  

New Semantic Web 
Rule 
Language 
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Dou et al, 
(2018) 

Cultural 
Heritage 
Ontology  

DSRM  NLP 
Technology  

New Natural 
Language 
Processing 
(NLP) 
Technology 

Tarus et al, 
(2018) 

E-Learning 
Ontology  

Methontology 
& Fox 

OWL and 
RDF 

New Web Based 
Ontology 
Language 

Abdellatif et 
al, (2018) 

Business 
Process 
Reengineering 
Ontology  

Analytical 
Hierarchy 
Processing 
Techniques 
(AHP) 

OWL, SWRL, 
RDF, 
SPARQL 

New Web Based 
Ontology 
Language 

Chhim et al, 
(2019) 

Manufacturing 
Process 
Ontology 

Ushold & King, 
Noy & 
McGuiness and 
Pinto & 
Martins 

OWL, SWRL, 
RDF, 
SPARQL 

Reuse Web Based 
Ontology 
Language 

Bagschick et 
al, (2018) 

Automated 
Vehicles 

Aree et al Owl-DL and 
Protege 

New Web Based 
Ontology 
Language 

Donalds et al, 
(2019); 
Gayathri & 
Uma, (2018) 

Cybercrime 
Ontology & 
Robotic Path 
Ontology 

DSRM  OWL and 
Protege 

New Web Based 
Ontology 
Language 

Palagin et al, 
(2024) 

Knowledge 
Design 
Ontology 

Methontology OWL New Web Based 
Ontology 
Language 

 

 

2. COMPARISON OF METHODOLOGIES FOR DESIGNING DOMAIN ONTOLOGIES 
The process and techniques for ontology development are covered in the methodology for ontology 
development, a handbook for ontology developers (Sure-Vetter, 2009). There are different established 
development approaches (Alsanad et al, 2019; DeNicola & Missikoff, 2016; E. Blomqvist et al, 2010). 
There is no single technique to create domain ontologies in this setting; instead, various researchers have 
done it in different ways. Furthermore, several approaches encompass different facets of ontology 
development and concentrate on ontology development in different ways. For instance, few methodologies 
concentrated on scope of domain analysis and ontology, and there was no design phase or information on 
the tasks they carried out when developing the ontology.  
In addition to comparing various approaches, this study established ctriteria that served as the foundation 
for the analysis and comparison. the techniques. Selected evaluation criteria (EC), which encompass 
fourteen distinct facets of technique for creating domain ontologies, were established by looking at trends 
and demands that have changed over the past ten years. This will facilitate a better understanding of various 
ontology development approaches and be able to choose an appropriate methodology for creating a domain 
ontology of the discourse domain with the aid of these evaluation criteria.  
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Figure 3: Criteria for ontologies development 

Figure 3 above shows the evaluation criteria used to compare ontology development methodology from 
various domains. The first phase comprises domain analysis, conceptualization, level of detail, 
collaborative creation, execution, assessment, instantiation, modification and maintenance. Therefore, the 
first nine documentation explains a methodology's technical fine-grained level and aids the developers in 
comprehending a specific ontology development technique. While the last five of the evaluation criteria 
talk about the coarse-grained level of a methodology, and they include reusability support, support for 
integration, interoperability support, methodology based on accepted practices and human estimation. This 
review compares the methodology for ontology development based on the evaluation criteria (C1-C12), 
which is the focus when it comes to ontology development as taken from (Sattar et al, 2020). In addition, 
they denote evaluation criteria entries  as either  T for True and F for false in comparing the methodologies 
as shown in the table below: C1: Domain Specification- This is also known as knowledge acquisition. There 
are no domain-specific recommendations in domain analysis, and it takes a lot of resources. Things get 
complex when ontology is involved, which combines information from several disciplines. For team 
members who are unfamiliar with or have a contentious understanding of the terminology used in the 
ontologies, training seminars are crucial. C2: Conceptualization- Is the conceptualization activity supported 
or included in the suggested methodology. C3: Level of details- Does the methodology include specifics 
regarding procedures and techniques for different activities? The level of detail criterion in this instance is 
assessed on a scale of 1 to 5, with 1 indicating relatively little detail. C4: Collaborative building- entails 
having many ontology development group stakeholders working on the same ontology from the same 
location or from various locations concurrently, and without compromising the ontology development tasks 
overall effectiveness. C5: Implementation – does the methodology apply a conceptual ontology model to a 
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representation language. In this situation, manual construction is needed but it is time-consuming and not 
preferred by ontology developers to use a formal conceptual model. Ontology building from a formal 
model, however, necessitates consideration of the semantic distinctions between the representation 
language and the formal model. C6: Evaluation- Does the evaluator possess a solid understanding of 
ontology to perform the evaluation component, and an adequate comprehension of ontology is an important 
component of the ontology evaluation process's success. C7: Instantiation Ontology - Does the 
methodology use any instantiation techniques or methods? It is easier to process an ontology's population 
than it is to process sources with inadequate organization, including XML data, relational tables, and 
documents. C8: Maintenance/Modifications - The issue of evolution is a persistent challenge for ontologies. 
Given the intricacy of the modifications that must be made, to make this duty easier and guarantee its 
dependability, maintenance procedures whether manual, semi-automatic, or automated are becoming more 
and more important. C9: Documentation- Does the methodology offer thorough documentation of the steps 
and procedures involved in creating an ontology? Documentation aids in the comprehension of the 
ontology, its application, repurposing, and potential revisions. C10: Support for Reusability - The process 
of developing an ontology is tedious and time-consuming. Application-dependent ontologies are typically 
expensive to reuse. In this situation, by giving domain ontologies created with the same upper ontology a 
shared conceptual framework, the usage of upper-level or foundational ontologies lowers the costs 
associated with reusability. C11: Support for integration and merging- The degree of overlap between two 
integrating ontologies determines how well they integrate. Same language used for representation. 
Accuracy (accurate mapping rate) and recall (found mapping rate) are used to quantify the quality of 
integration. C12: Support for interoperability- Systems must have the same underlying framework (same 
high-level notions) in order to be interoperable. The ontologies that resulted will therefore be able to share 
their notions more easily and have a shared global conceptual structure.  
 

Table 2: Comparison of the methodologies for creation of domains ontologies extracted from 2018-2024 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

S/N Methodology C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 

1 The development of an ontology for 

describing the capabilities of 

manufacturing resources (Chujai et al, 

2014) 

T T 5 F T T T T T F T T 
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2 Formal Ontologies in 

Manufacturing (De Nicola & 

Missikoff, 2016) 

T T 2 F F F T F F F F T 

3 A Census of Disease Ontologies 

(Caroll et al, 2015)  

T T 4 F T T T T T F T T 

4 Towards an ontology-driven 

blockchain design for supply chain 

provenance (De Nicola & Missikoff, 

2016) 

T T 4 F T T T T F F T T 

5 A scientometric analysis and critical 

review of construction related 

ontology (Gruber, 1993) 

T T 4 T T T T T F F T T 

6 Knowledge graph based on domain 

ontology and natural language 

processing technology for Chinese 

intangible cultural heritage (Dou et al, 

2018) 

T T 4 F T T T T F F T T 

7 Ontology-based system engineering: 

A state-of-the-art review (Grigoris & 

Frank, 2008) 

T T 5 T T T T T F F F T 

8 Knowledge-based recommendation: a 

review of ontology-based 

recommender systems for e-

learning (Gomez-Perez, 2001) 

T T 4 T T T T T F F T T 

9 Overcoming business process 

reengineering obstacles using 

ontology-based knowledge map 

methodology (Abdellatif et al, 2018) 

T T 4 T T T T T T F T T 

 

Table 2: (Continued) 
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10 Product design and manufacturing 

process-based ontology for 

manufacturing knowledge 

reuse (Aminu et al, 2020) 

T T 4 T T T T T F T T T 

11 Ontology based scene creation for 

the development of automated 

vehicles (Alexander 2006) 

T T 4 T T T T T F F T T 

12 Toward a cybercrime classification 

ontology (Anusha et al, 2015) 

T T 4 T T T T T F F T T 

13 Ontology based knowledge 

representation technique, domain 

modeling languages and planners for 

robotic path planning (Gayathri & 

Uma, 2018) 

T T 3 F T T F T T F T T 

14 Method of developing an ontological 

system with automatic formation of 

knowledge base user queries (Dou et 

al, 2015) 

T T 4 F T T T T F F T T 

15 Ontology-based knowledge 

representation for addictive 

manufacturing (G.Brusa et al, 2008) 

T T 4 F T T T T F F T T 

 

 

From table 2, which shows that most of the approaches examined offer domain analysis, conceptualization, 
implementation, assessment, instantiation, and a domain ontology example even though most of them have 
not covered every aspect of the methods and tasks required. It is challenging to adhere to a technique for 
creating ontologies for a particular topic with less detail (Fawei et al, 2018; J.Li & Alian, 2018; S.John, et 
al, 2018). Furthermore, most of the approaches examined (in contrast to Table 2) do not help with the 
upkeep, documentation, and development of collaborative ontologies, ontology localization, integration, 
and interoperability.  Ontology should make modification and maintenance possible and practical since the 
ontology requirements do change with time. Thus, modification should be maintained and supported are 
supported in a few of the approaches. Several aspects have been explored, including maintenance, 
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collaborative ontology development, documentation, localization, and support for reuse, integration, and 
interoperability. For instance, maintenance is discussed by Abdelghany et al. (2018), Dou (2015), and 
Jarvenpaa et al. (2019). Additionally, only a limited number of scholars address documentation for example, 
Dou et al. (2015), Gayathri and Uma, and Jarvenpaa et al. (2019) which serves as an important aid in 
understanding an ontology. 
Ontology construction is an evolutionary process, and the involvement of subject-matter experts, ontology 
engineers, technical writers, and other human resources might not be possible. Accordingly, the joint 
creation of ontologies will allow sharing of major human capital on a global scale. Therefore, the further 
supportive development of ontologies will contribute to the correct application of the ontology construction 
strategy. Collaborative ontology creation is offered by (Tarus et al, 2018; Yang et al, 2019; Zhong et al, 
2019). In addition, it is also infeasible to define one overall large ontology to cover such a large and complex 
subject. There would be a number of subdomains, and an ontology is needed for each subdomain. Here, 
subdomain information systems are required to communicate with each other. Systems should share the 
same support structure (same abstractions) to be interoperable. Therefor the final ontologies will have a 
global conceptual structure that will promote concept reuse (Aminu et al, 2020). Interoperability is ensured 
by the methods proposed in (Sanfilippo et al, 2019; Zheng et al,2012). Subdomain information systems also 
require ontology integration. Such fusion is made available by integration of the ontology presented by 
(Chhim et al, 2019; Donalds & Osei, 2019; Dou et al, 2018; Jarvenpaa et al 2019; Kim et al, 1995). 
Reusability allows you to integrate new components into the target ontology and utilize the old ontology, 
which makes the ontology creation process exhausting and uninteresting. There are few authors that make 
mechanisms available for reusing ontology in (Chhim et al, 2019). Finally, most of the methods the study 
reviewed were not based on any established method. In conclusion, this review on ontology development 
methodologies shows that developmentis a tedious and complex task. According to the review literature, it 
could be concluded that ontology development based on the experience of a few projects would not be 
sufficient for building domain ontologies. Therefore, a gap is identified in the current approaches to 
ontology development, as pointed out in the systematic literature review. From the analysis presented in 
the table, only one published work addresses reusability in ontology development, and there is a limited 
body of literature on interoperability. The review further revealed that the few techniques, actions, and 
approaches employed in building ontologies are either poorly documented or not documented at all.The 
collaborative construction aspect of domain ontology is rarely studied by researchers, and the collaborative 
construction of ontology is one of the most important parts in ontology construction.  
 

Conclusion 
 

In this review paper, ontologies approchesfor the knowledge representation of various domains are 
reviewed from the perspective from a resercaher. In recent years, a large number of approaches have been 
suggested by researchers. This article surveys the development of ontology approaches in the period 
between 2018 and 2024.The reviews were categorized into 2 categories of criteria for the evaluation of 
relevant manuscripts which are methodologhies design for different domain ontology, criteria pertained to 
a comparison of the methodologies domain ontologies from 2018-2024 . The evaluation criteria were (1) 
identification of various literature domains on the development on ontology development. The review 
identified 15 articles from 2018-2024 on different domains ranging from manufacturing ontology, 
biomedical disease ontology, supply chain ontology, general ontology, automation construction ontology, 
cultural heritage ontology, e-learning ontology, automated vehicles construction, cybercrime ontology, 
knowledge design ontology, and scientific digital libraries ontology. The second criteria was to screen the  
articles for alignment to the objectives of this systematic literature review. This paper  also identified the 
database set where the articles were published. 
The first criterion was whether the ontology development was new/developed from scratch and identify the 
language editor used. In doing this, this review can concluded that (Noy & McGuiness, 2001; Palagin et al, 
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2024; Bonanci et al, 2016) is the highest method used in all this literature review analysis followed by 
methontology. On the other hand, on ontologies language, it was deduced that OWL Protege is frequently 
used by the review papers, follows by OWL-DL and protege, OWL & RDF, SPARQL, SWRL. On the 
aspect of building from scratch or new, all the generated articles on development of ontology were built 
from scratch, while only one talks about re-use. On the aspect of ontology language, all articles made use 
of the web-based ontology language as the generally accepted ontology language, followed by semantic 
web rule language, and natural language processing. 
The main result is that collaborative approaches based on well validated paradigms, like Design Science 
Research, are very powerful. These approaches should focus on interoperability, reusability, merging, 
detailed documentation, reliable human resource prediction and the presence of at least one example of 
ontology derived using the approach. In addition, the use of tools for collaborative development, 
maintenance, and improvement of modular ontologies is advantageous in domain ontology construction.  
Designing a methodology for developing and evaluting a domain ontology is a complex task that requires 
the inclusion of specific criteria, identified as C1–C12. Although some of these criteria emerge from 
standard practices, aspects, such as collaborative ontology construction, interoperability, and grounding in 
an established practice, are frequently lacking and are thus recommended for inclusion. These missing 
components are critical for the development of successful domain ontologies development. This paper 
highlights key criteria deemed important for the domain ontology research community, offering a 
foundation for establishing a comprehensive methodology for ontology development. However, not all 
existing ontology development methodologies were reviewed, as the sheer volume of approaches, some 
outdated or lacking detailed explanations, made such inclusion impractical. This systematic review makes 
several key contributions to the understanding and advancement of ontology development methodologies 
(ODMs) and their role in knowledge representation systems (KRS) across multiple domains. It also 
identifies prevailing methodological approaches such as top-down, bottom-up, and middle-out and 
evaluates their relative popularity, strengths, and limitations in ontology construction and reuse.This 
systematic review adds to what is already contributed to a large body of research in ontology engineering 
through its comparative analysis of present ontology development approaches in many fields. The key 
contribution report on the collection, classification, and evaluation of a range of ontology development 
approaches (for example Methontology, NeOn, DILIGENT, OntoClean) which was reviewed  in terms of 
their basic elements,qualify, pros and cons. Also, the contribution shows how these approaches have been 
used in health care, education, e government, agriculture, and information systems, which are used to point 
out trends and context-based variables that play a role in approach choice. Additionally, the review presents 
a decision-making tool for ontology engineers, system designers and researchers, which is used in the 
choice or adaptation of appropriate approaches for knowledge representation in specific domains. In 
addition, the review  considered how these approaches have played out in very different fields, which in 
turn gave an insight into what works best in what setting. The NeOn methodologies, for example,  show 
the re-use and alignment of present ontologies, which is very important for the integration of knowledge 
from many sources. In business intelligence and e-government this interoperability plays out in the form of 
data sharing and service integration. Additionally, well thought out ontologies, which are put together via 
methods like Methontology are modular and thus reusable. This, in turn, allows for growth and change as 
domain knowledge changes. Furthermore, educational ontologies, for example, were being used across the 
board in different curricula, which in turn improves learning analytics and curriculum development. In 
engineering ,ontologies were used n the representation of parts, functions and workflows throughout the 
life of a product. ODM’s also here play a role in the cross-system integration of design, manufacture and 
maintenance systems which in turn fosters collaborative engineering and digital twin technologies. While 
the ontology development methodology does bring a lot to the table, they also present some issues. Effective 
ontology development requires an indepth knowledge of the domain and technology know how, which 
limits the participation of non-experts. In addition, there is a lack of universal tools and standards, which 
hampers interoperability and re use across different platforms and domains. 
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Recommendation and Future Work 

Despite the considerable progress achieved in ontology engineering, the present analysis highlights several 
limitations inherent in existing ontology development methodologies. To address these shortcomings, we 
recommend the following: 
 

1. The design of hybrid methodological frameworks that integrate the strengths of established 
approaches such as Methontology and NeOn while providing modular support for both domain-
specific customization and cross-domain interoperability to promote consistency in ontology 
structure and semantics.  

 
2. Ontology lifecycles must mandate ongoing engagement with domain experts, employing 

participatory design techniques and collaborative platforms to ensure ontological models accurately 
reflect stakeholder knowledge and requirements. 

 
3. Rigorous evaluation metrics encompassing accuracy, completeness, maintainability, and usability 

should be embedded within each development phase, creating an iterative feedback loop that 
continually refines the ontology according to empirical performance data. 

 
Looking ahead, future research must empirically validate these proposed enhancements as recommended 
in diverse, real-world contexts to assess their practical viability. In particular, there is significant potential 
in leveraging machine-learning techniques to automate aspects of concept extraction, relationship 
identification, and ontology population from large unstructured datasets. Finally, advancing multilingual 
and cross-cultural ontology representations will be critical for minimizing semantic bias and fostering 
global interoperability within the Semantic Web and linked-data ecosystems. Collectively, these directions 
promise to enhance the adaptability, robustness, and societal impact of ontology-based knowledge 
representation across disciplines. 
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