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Abstract 

In the domain of semantic web, ontologies play an important role for extracting the information 

and knowledge about the specific domain and present the problem in more understandable form. 

There many ontological web portals and thousands of ontologies was made on different domains. 

So to find out which ontology is better and which ontology can solve the required problems. For 

this purpose, ontology evaluation is very important. The main focus of ontology evaluation is to 

estimating the quality of ontology. There many frameworks for evaluation but there is still 

problem to evaluate the ontologies. And evaluation method also used to estimate the quality of 

existing ontologies and finding the gaps in the ontology to improve the existing ontology. In this 

paper we proposed an evaluation technique that use the structure characteristics to examine the 

quality of ontologies. For this we select different domains ontology and apply the proposed 

evaluation criteria. In our evaluation criteria, we check the quality of ontology on the basis of 

structured characteristics. Also our proposed framework can compare the same domain 

ontologies and tells which is best in terms of quality. The proposed framework can also evaluate 

all different formats of ontologies but the queries are different for different format. In this 

research we only apply owl format queries. But for the different formats of ontology the 

evaluation criteria are same only he queries are different according to the format. 

 

 

Key Words: Ontology, Structural characteristics, Quality,  SPARQL , Ontology evaluation, 

Semantic web 
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CHAPTER 1: INTRODUCTION 

In this research work we have evaluated the ontologies by defining a quality framework 

and discuss the results of the evaluation. The proposed criteria also used to compare the different 

ontologies of the same domain and describe which ontology is best according to the quality.  

1.1 Background 

For the transformation of data into the meaningful or understandable format the 

significant evaluation on web is semantic web [1]. After the better understanding of data, this 

transformation helps to link and processed the data through multiple sources. Ontologies can 

provide information as semantically because of this ontology are used as the representation of 

knowledge. In the last decades, ontology is significantly used and called “The Backbone 

technology in the most knowledge based Applications” [2]. A detailed definition of ontology is 

following [1]. 

 

Figure 1.1-1 Definition of Ontology 
 

Ontologies now used in many fields but it is the core of semantic web. Reasons to make ontology 

[3,4]. 

 To share basic comprehension of the structure of data among individuals or programming 

operators  

 To empower reuse of area learning  
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 To make area suppositions unequivocal  

 To isolate domain information from the operational learning  

 To dissect area learning 

Sharing regular comprehension of the structure of data among individuals or programming 

specialists is one of the more shared objectives in creating ontologies. For instance, [1] assume a 

few distinctive Websites contain restorative data or give ecommerce service for medical. On the 

off chance that these Websites share and distribute the equivalent basic cosmology of the terms 

they all utilization, at that point PC operators can concentrate and total data from these various 

sites [5]. The operators can utilize this collected data to answer client questions or as input 

information to different applications. 

1.1.1 Structure of ontology: 

The functions of ontology can be rationalized by its structure. Basically ontologies are 

used for the communication of machine to human or intermachine communication [6]. 

Ontologies are the hierarchal relationship for the illustration of class/concept in the specific 

domain. Ontology can represent the data into different parts; concept/class, individual, triples 

(subject, object, predicate), Relations, properties [1,2,7]. 

Ontology

Class/
concept

Individual 

RelationsProperties

Triples

Figure 1.1-2 Structure of ontology 
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These five are the structural components of a simple ontology. These components are very 

important, because everyone has its different meaning and use in the formation of ontology [8]. 

These are explained in methodology in detail. 

1.1.2 Applications and Bio-medical Ontologies 

Ontologies are very first utlized in the field of healthcare and life science(HCLS). A few 

projects in social insurance have been started at government level to give better human services 

benefits by empowering data interoperability crosswise over geological limits [9]. 

A portion of the real attributes of ontologies are that they guarantee a typical comprehension of 

data and that they make unequivocal domain presumptions. Subsequently, the interrelation and 

interoperability of the model make it significant for tending to the difficulties of getting to and 

questioning information in organization [10]. Additionally, by improving metadata and 

provenance, and consequently enabling organization to understand their information, ontologies 

upgrade information quality.  

In a semantic and syntactic level ontologies are the fundamental component of EHealth activities 

[1] to deliver information. The traditional systems of terminology are esteemed to be deficient as 

for the necessities of social insurance data frameworks that rely upon clear correspondence of 

complex medical and biological data in a structure that is usable by PCs [11]. The selection of an 

ontological methodology for overseeing biomedical terminology encourages a portion of the 

undertakings related with these exercises [12], as laborers in both clinical and biological areas 

have found. 

Ontologies are used for sharing data into different decision support systems for example mostly 

in clinical decision support systems (CDSS) [13]. 

1.1.3 Evaluation of ontology and its importance: 

Ontology evaluation plays a very significant part. The main focus of ontology evaluation 

is to estimating the quality of ontology [14]. 

Evaluation of ontology can be done mostly for two main reasons. First to measuring the 

correctness or quality of ontology (after the ontology is developed) and second for the 

comparison with the other ontologies (this is done before and after the development of ontology 
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[15]. Before development of ontology, the evaluation is done to estimate the quality of existing 

ontologies and finding the gaps in the ontology to improve the existing ontology. After 

development of ontology, evaluation is done for the examine the quality of the ontology) [1]. 

 

Figure 1.1-3 Formation of ontologies 
 

There are many ways to evaluate the ontologies for example some evaluation frameworks can 

examine the completeness and consistency (formal properties), some examine the quality and 

coverage of the ontologies and some check the issues relates to the usability and coverage [3]. 

Some examine the accuracy, clarity and computational efficiency. And for the evaluation 

purpose there are many frameworks are introduced.  

1.2 Problem Statement  

There are many ontology web portals and thousands of ontologies was made on different 

domains. So to find out which ontology is better and which ontology can solve the required 

problems. For this purpose, ontology evaluation is very important. The main focus of ontology 

evaluation is to estimating the quality of ontology [14]. There many frameworks for evaluation 

but there is still problem to evaluate the ontologies. And evaluation method also used to estimate 

the quality of existing ontologies and finding the gaps in the ontology to improve the existing 

ontology. 

1.3 Scope and Objective 

Ontologies are used in many different fields for example information extraction, bio 

medical, Clinical Decision support systems, data integration and semantic web. This study 

evaluates the existing ontologies to check their quality and check that they are fit to use.  The 
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objective of this study is to develop a framework that evaluate different domains ontologies 

according to their structural characteristics and examine the quality of ontologies. And compare 

the same domain ontologies to examine which is the best in terms of quality and structure.  

1.4 Motivation 

Due to various work is done on the formation of ontologies and their usage in different 

fields and domains [5]. There is a need for the evaluation of the ontologies to examine the quality 

of ontology. There are many frameworks or methodologies proposed for the evaluation of 

ontology but they can’t fully examine the quality matrices or cover all the structural 

characteristics and evaluate different formats of ontologies [7]. Many ontologies are made on 

different domains and there are many portals where the ontologies are available the users can’t 

decide which can fulfill the required need for this purpose the evaluation is used to compare the 

same domain ontologies and find the best one according to the quality and fitness for use [1]. 

In the 2nd chapter the existing frameworks are explained in details with their drawbacks and 

coverage. In the 3rd chapter the proposed methodology in explained and also the structural 

characteristics are explained which are used for the evaluation. In the 4th chapter the results and 

explained in details along with the graphs.   
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Chapter 2 

Literature Review 
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CHAPTER 2: LITERATURE REVIEW   

Ontology evaluation is the most important and complex part of ontology engineering [5] 

process because it involves in the different levels of ontology formation that are evaluation and 

the reuse. There are a rich number of techniques and metrics for the evaluation of ontologies. In 

this chapter we defined and explain the methods, framework and approaches of ontology 

evaluation and their quality coverage. 

Gomez Perez proposed in 1945 the idea for the evaluation of ontologies and define a set of 

properties for evaluation purpose. Structure of ontology, its context and syntax was examining. 

These properties can solve the problems related to consistency, conciseness and completeness.   

2.1 Gold Standard 

In golden standard the consistency and coverage of domain is validate the efficiency of 

ontology. In this technique we compare the ideal ontology and resultant/ learning ontology [16]. 

In the ideal ontology the standard and benchmark is predefined. Domain experts manually make 

the ideal ontology that is used for comparison [17]. This technique works really well for the large 

scale and for the frequent evaluation. It involves multilevel evaluation that is semantic level, 

lexical and taxonomic level. The shortcomings of this techniques are its generally depends on the 

relative measures and hard to compare the ontologies for quality measure [17,18].  

2.2 Application based Evaluation 

Application based approach is also known as task based evaluation or task oriented. It 

evaluates the ontology by performing some task on the application. In this approach [19], 

numerous task has been performed on the ontology which is evaluated to examine its 

performance and it also enables to detect the inconsistency of concepts. Application-based 

evaluation [20] examines the accuracy, coverage and ontology in context to other applications. 

The shortcomings of this approach is that [21] (1) ontologies can’t be compared if they have not 

the same embedded application and the same type and number of tasks performed [21]. (2) It’s 

really hard to evaluate the ontology, if ontology was the small module of application so it has the 

less effect on the evaluation results [22]. (3) When used the ontology in a specific way to 

examine the task it’s hard to simplify the observation either it’s good or bad [19]. 



 

9 
 

2.3 Data Driven Approach 

Also known as “Corpus-based Evaluation”, in this technique we use the existing source 

information to assess the coverage degree of the specific domain ontology [23]. The key 

advantage is that this approach facilitates the evaluation of one or more targeted ontologies with 

a particular domain. The challenge of this approach is to find the domain specific corpus [24]. 

This type of approach is used for the domain specific ontologies. Similar to the gold standard this 

approach also evaluates the completeness, consistency and validate the efficiency of ontology 

[21].  

2.4 User-based Evaluation 

User-based evaluation also known as “Human Evaluation”. In this technique user select 

the best ontology from the several number of selected ontologies by performing some selected 

tasks [25]. According to the tasks ontologies get a numerical number and highest number 

ontology called the best one [21]. The tasks are based on the decision criteria of formulation. The 

shortcomings of this technique is that it is very costly in terms of effort and time and that’s why 

this technique is not used now-a-days.  

The above mentioned evaluation techniques are the traditional techniques for the evaluation of 

the quality of the ontologies.  

2.5 Lexical Based Approaches 

Luo [26] introduced an automatic computational approach that can compute the linguistic 

structure and bi-similarity of the ontologies in the concept names. This approach used two 

modifiers which are “left” and “right” According to the hierarchy the symmetric pairs are 

computed by the all possible structure pairs. This approach was then modified by Agrawal [27], 

he introduced the utilization of lexical method to find the inconsistency in the formal definition 

of SNOMED CT. in his approach he explains the five hypothesis which he used in the algorithm. 

These hypothesis was based on the lexical similarity sets i.e. “Similarity sets whose concepts 

exhibit different number of parents are more likely to harbor inconsistences than randomly 

selected similarity sets.” [28,29] introduced the methods that identify the missing relations in 

lexical feature. [28] find the relations in successive tokens in a labels of ontologies. Identify the 

missing hierarchical relations in OWL concept name of lexical feature [29].  
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2.6 Popularity Based Approaches 

Ontokhoj[30] used the algorithm which can firstly search the ontologies than aggregate 

them thirdly rank the ontologies and at the end classify them. Also Ontokhoj web portal can 

accelerate the procedure of ontology evaluation through wide reuse of ontologies. Swoogle [31] 

is the semantic web search engine for searching ontologies. This approach uses the “OntoRank” 

algorithm for evaluation of ontologies [30]. 

 OntoSelect compare the results of evaluation with “Swoogle”. This evaluation technique use 

Wikipedia pages that has the similar topic with the linked ontologies by introducing the 

benchmarks. As the comparison of both techniques the author [32] conclude that on average 

results swoogle is better approach than Ontoselect. These approaches were not precisely 

introduced for biomedical ontologies [33].  

2.7 Matric based and other multi Criteria Evaluation 

Matric based evaluation is based on the correctness and prioritizing the characters of the 

ontologies [48]. Matric assess the quality of ontology and to identify the attributes of ontology 

without any consistency. [47]  

According to the system needs, OntoMetric [34] can allow the users to examine the correctness 

of the ontologies. This method’s targeted audience was the users which are either project 

manager [36] or engineers who can search the ontologies on the web for their systems or 

applications. In 2019 Jean [35] use this approach for evaluation of E-government ontologies to 

find the gaps on the existing ones. And examine the accuracy cohesion and understandability 

purpose.  

Vadiam [37] introduced the OntoElect approach for the evaluation and refinement of the fitness 

of ontologies. For evaluation this approach uses three phases. Onto Elect extracts the terms from 

the gathered documents than assign the numerical figure according to the information gained 

from the documents.  

Xiaogang (2018) proposed a usability [38] scale for ontology evaluation. According to the 

framework, he uses the prepared statements that was derived from Likert scale. He also provides 

the online poll for ontology evaluation purpose. This approach is mostly based on the Brooke 

(1996) [39]. This approach also used for different types of domain ontologies for evaluation.  
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AKTiveRank [40] rank the ontology on the bases of “Class Match Measure (CMM)”. In this 

approach the author uses a structural metrics for ranking ontologies in a prototype system. This 

approach uses the analytic methods for rating purpose. Rate is assign to the ontology according 

to the performance estimation of the given search item and make a classification matric. Using 

this approach, it is difficult to find out the best method for the selection of structural properties or 

parameters when we rank the ontologies. Select of method for ranking is highly dependent to the 

user requirements. 

ODEval [41] is used to find out the redundancy and inconsistency in the ontologies. The 

ontologies that are implemented in the formats of web semantics languages RDF, OWL and 

DAML+OIL this approach can evaluate them. This approach is mostly used by project designers 

for reuse the ontologies and for knowledge representation. This framework also helps to 

determine the identification of deficiency in ontologies. And also for this approach user 

requirement is very important for the evaluation of ontologies.  

The Ontoclean [44] approach for ontology evaluation used to verify the ontology capability, 

effectiveness and the taxonomic relationships consistency. This approach permits the structure of 

clean ontologies. The work done on this methodology was highly dependent on the unity, 

dependency, essence, identity and rigidity notions [42]. This methodology has four layers [43] 

and the below layer is dependent on the higher layer. The nature of the properties that has been 

entangled in the relationships, this methodology helps the users to analyze them. This 

methodology does not focus on the structural resemblance between the properties.  

 OntoQA [45] methodology is used for the description of metrics of the ontologies that has been 

defined or implemented in RDF format. The metrics explain the classes and its instances and 

how the classes has been arranged in the schema. This model is mostly used for the definition of 

metrics. The metrics explain the class and sub class relationships and also the other kind of 

relations if found. The metrics is used to discover the important characteristics in the schema of 

ontology and also allow the users to make a very quick decision about the ontology. Tri [46] 

used OntoQA model to evaluate its framework and obtained the value of relations richness.  

 



 

12 
 

2.8 Evolution Based Evaluation 

  Ontology evolution is the variation of ontology in a constant way. [49,51] The ontology 

can evolve from one state to the other. The evaluation process is needed when the ontology can 

change the domain specification and the evolution process can also effect the dependent 

application. Some inconsistency problems may occur. The process of evolution has six phases 

[49] (1) Changes are captured. (2) Represent the changes. (3) Change semantics. (4) Propagation 

changes. (5) Implementation changes. (6) validation changes.  

For this purpose, Rim [50] proposed a framework ONTO-EVOL for the evaluation of ontologies. 

In his framework a pattern oriented process (POP) is used. The purpose of the POP is to control 

the changes in the dependent application during the process of maintenance. The main activity of 

his framework is to reserve the quality of ontology. This process is also used for the change 

management and quality evaluation.  

Renata [49] evaluate the evolve ontologies using S-ONTOEVOL tool to examine the quality of 

ontologies. Author evaluate the ontology on the bases of its structure, usability and fundamental 

evaluation.  

2.9  Logical or Rule Based Evaluation 

These methodologies are based on the rules that was defined by the users of the 

ontologies to identify the conflicts and inconsistences to improve the quality. [51] For example, 

the two classes are said to be different or two classes are said to be same or there is a constant 

number of instances. Some rules may be conflicts with each other that was describe by the users 

[52].  

Serval frameworks adopted this type of methodology to evaluate the ontologies for example 

OntoLoki [52]. In this approach, rules are used for the instance properties to determine the 

relations. And they gave a quantitative score according to the fulfillment of the rule. 

Another methodology which is using the rule based approach in Swoop [54]. In Swoop model a 

logical method is used to identify the inconsistency, redundant and fault concepts in OWL 

ontologies. This methodology is mostly used by the application designers to test or verify the 

quality of their work and to find out if there are other problems left which can affect the 

application later or the quality of the ontology is achieved.  
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2.10 Structure Based Evaluation 

Many structure-based approaches are automated. This technique evaluates the ontologies 

by the different type of structural properties for example the classes and their relation density, 

depth and breadth the nodes and the graphical representation. 

 Gangemi [56] proposed a model in which he evaluate or validate the meta-theoretical foundation 

using the O2 and oQual models. oQual helps to gathered the elements of ontology by the means 

of O2. oQual based on the three types measurements [38], first is the structural measure than 

functional and usability measure. But while doing the structural measure the functions are very 

poorly defined and also the usability measure is less defined. oQual provides a way to context 

and ontology engineering. oQual includes the evaluation of ontology on the bases of the concepts 

(class), parameters and the value space of the elements of the ontologies [55].  

Ning [58] proposed the methodology for the structural based evaluation of ontologies using the 

graph theory and explain the structure of ontology with six different type of properties. Ning 

methodology use the six properties to describe the structure of ontologies and evaluate the 

quality.   

OntoQA [45] methodology is used for the description of metrics of the ontologies that has been 

defined or implemented in RDF format. The metrics explain the classes and its instances and 

how the classes has been arranged in the schema. This model is mostly used for the definition of 

metrics. The metrics explain the class and sub class relationships and also the other kind of 

relations if found. The metrics is used to discover the important characteristics in the schema of 

ontology and also allow the users to make a very quick decision about the ontology. Tri [46] 

used OntoQA model to evaluate its framework and obtained the value of relations richness. The 

OntoQA methodology evaluate the ontologies on the bases on the class (concept), the relations 

between the classes or concepts and the instances (individuals). 

Khan proposed a framework [60] for the evaluation of ontologies using the SPARQL queries on 

ontologies. His framework evaluates the ontology on the bases of structural characteristics. The 

characteristics that includes in the framework was: classes, individuals, triples (Subject, Object, 

Predicates), and the properties. The drawback of the framework was that its only evaluates the 

.owl formats ontologies. And the framework can only evaluate the bio-medical ontologies and in 

the framework the important structural character of ontology is missing that is relations. The 
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framework cannot evaluate the relations of the class and the relations between the class and 

individuals.  

OntoBee [59] is linked with obo foundry. Obo foundry is a bio medical ontology portal. This bio 

portal support RDF/HTML formats of ontology. OntoBee proposed an evaluation criterion for 

ontologies. The statistics that are used for evaluation was the classes, instances, datatype 

property, object property and annotation property. OntoBee has an online web portal for evaluate 

the ontologies.  

 

 

Figure 2.10-1 OntoBee Statistics 
 

Ming toa [57] create a relation database model for the evaluation of ontologies. He evaluates 

three different type of test files to examine the results of its model. He briefly explains the 

database model and the generated results to explain the evaluation of ontology on the bases of 

the structural characteristics. Author evaluate the ontologies on the bases of the following 

characteristics, class, instances and their relations and some instances properties. Ming’s 

relation-database model only evaluates the RDF format ontologies [57]. Other formats like .owl 

and .obo are not evaluated using this model. 
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The following table describe the various levels of ontology learning in the ontology evaluation 

frameworks. And show which framework evaluate which level. Different frameworks cover 

different levels there is no such framework which can cover all the levels of ontology learning. 

For full evaluation one can use two or three evaluation frameworks or can evaluate the ontology 

according to their requirements.   

 

 

Table 2.10-1 levels of ontology and the frameworks 
 

 

 

 

 

 

Framework Lexical, 

vocabulary, 

Concept  

 

Semantic 

relation 

Application Syntax Structure  

 

Domain 

cohesion  

Properties 

of classes 

Usage 

statistic  

Hierarchy 

Application-

based  

evaluation 

Yes Yes Yes - - - - - Yes 

Gold 

Standard 

Yes Yes - Yes - - - - Yes 

Data driven Yes Yes - - - Yes - - Yes 

AKTive 

Rank 

- - - - Yes Yes - - - 

Ontoclean Yes Yes - - Yes - - - - 

Ontokhoj - - - - - Yes - Yes - 

Onto-

Metrics 

- - - Yes - - - - - 

ODEval Yes - - - - - - - - 

Swoop - Yes - Yes -  Yes - - 

OntoQA - - - - Yes - Yes - - 

Onto-Select - - - - Yes - - - - 

ONTO-

EVOL 

- - - Yes Yes Yes - Yes - 

Semiotic 

Metrics 

- - - Yes - Yes - Yes - 

Swoogle - - - - - - - Yes - 
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2.11 Analysis 

The following table explain the frameworks of ontology evaluation’s objectives, coverage and 

how they can relate to the relate to this research. 

 

 

Table 2.11-1 Existing Frameworks and their description 

 

Sr 

# 

Frameworks Ref. Year Type of 

approach  

Drawbacks Related to this 

research 

1 Gold Standard [16,17 

,18] 

2016 Traditional   Based on the 

relevant 

comparison 

 Hard to 

compare 

quality 

measure  

 Can’t evaluate 

the structure of 

ontologies. 

 Evaluate the 

ontology 

 Examine the 

quality 

 Compare the 

ontology 

with the 

standard 

ontology.  

2 Application 

Based  

[19,20, 

21,22] 

2018 Traditional  Can’t evaluate 

if the ontology 

is not 

embedded 

with any 

system 

  Only evaluate 

the specific 

tasks 

 Can’t evaluate 

the small 

ontologies  

 Can’t evaluate 

 Evaluate the 

ontologies 

using an 

application 

 Examine the 

consistency 

and quality 
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all the 

structural 

characteristics 

of ontologies 

3 Data driven 

Approach 

[21,23 

,24] 

2011 Traditional  Domain 

specific 

 Only evaluate 

or compare the 

same domain 

ontologies 

 Can’t evaluate 

all the 

structural 

characteristics 

of ontologies 

 Similar to the 

gold standard 

 Evaluate the 

ontology 

 Validation 

and quality 

comparison 

4 OntoKhoj [30,31] 2004 Popularity 

Based 

 Can’t evaluate 

the structure, 

semantic 

relation of the 

ontologies  

 It’s only give 

information 

about the 

domain 

cohesion of 

the ontologies. 

 Use for the 

evaluation of 

ontologies 

 Evaluate the 

existing 

ontology  

 Evaluate the 

quality 

5 OntoSelect [32] 2018 Popularity 

Based 

 Can’t compare 

the ontologies 

 Evaluate only 

the structure  

 Evaluate 

ontology 

according to 

their 
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 Results of 

evaluation are 

not so good as 

compare to the 

other 

techniques 

 

structure and 

examine the 

quality  

4 Onto-Matric [34,35, 

36] 

2018 Matrices 

based 

approach  

 Does not give 

information 

about the 

semantic 

relation of the 

ontologies. 

 Can’t evaluate 

all the 

structural 

characteristics 

of ontologies. 

 

 Evaluate the 

ontologies by 

create a 

matric 

 Find the gaps 

in the 

existing 

ontologies 

 

5 OntoElect [37] 2005 Matric based 

approach 

 Does not tell 

much 

information 

about the 

structure of 

ontologies 

 Also don’t 

give any 

information 

about the 

semantic 

relation and 

 Evaluate the 

existing 

ontologies. 

 Give a 

quantitative 

number for 

the quality of 

ontologies 
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domain 

knowledge  

 Can’t evaluate 

all the 

structural 

characteristics 

of ontologies. 

6 AKTiveRank [40]  Matric based 

approach 

 Can’t give 

much 

information 

about the 

ontologies 

 Can’t evaluate 

all the 

structural 

characteristics 

of ontologies. 

 Evaluate the 

quality of 

ontologies 

 Rank the 

otology 

according to 

the quality  

7 ODEval [41] 2018 Matric based 

approach 

 Don’t give the 

information 

about the 

hierarchy of 

semantic terms  

  Can’t 

evaluate all 

the structural 

characteristics 

of ontologies. 

 

 Evaluate the 

quality and 

reuse of the 

ontologies  

 Create a 

matric for 

evaluation  

 Evaluate the 

.owl format 

ontologies. 

 Evaluate 

according to 

the user 
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requirements  

8 OntoClean [42,43, 

44] 

2015 Matric based 

approach 

 Does not 

focus on the 

structural 

resemblance 

between the 

properties.  

 Can’t evaluate 

all the 

structural 

characteristics 

 Evaluate the 

ontologies  

 Evaluate the 

existing 

ontologies  

9 OntoQA [45,46] 2006 Matric based 

approach 

 Can’t evaluate 

all the 

structural 

characteristics

. 

 And only 

evaluate the 

bio medical 

ontologies 

with .owl 

formats 

 Evaluate the 

structure of 

ontology to 

examine the 

quality  

 Examine the 

semantic 

relation and 

the concepts 

and related 

properties 

10 ONTO-EVOL [50,51] 2015 Evolution 

based 

Approach 

 Can’t examine 

the classes 

and the 

properties and 

the semantic 

relations  

 Evaluate the 

ontology 

quality after 

the 

evolution. 

 Compare the 

ontology   

11 S- [49] 2008 Evolution  Only evaluate  Evaluate the 
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ONTOEVOL based 

Approach 

the 

fundamental 

aspects of 

ontology. 

 Can’t evaluate 

all the 

structural 

characteristics 

of ontologies 

structure 

according to 

the quality of 

ontologies. 

12 OntoLoki [52] 2015 Logical/ Rule 

base 

approach 

 Only evaluate 

the instances 

and their 

relations 

according to 

the rules 

 Only evaluate 

the rules that 

are described 

by the user  

 Not all aspects 

are evaluated  

 Can’t evaluate 

all the 

structural 

characteristics 

of ontologies  

 Evaluate the 

ontology 

quality 

according to 

the users. 

13 Swoop [54] 2009 Logical/ Rule 

base 

approach 

 Can’t evaluate 

all the 

structural 

characteristics 

 Evaluate the 

quality of 

ontology 

according to 
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of ontologies. 

 Only evaluate 

the bio-

medical 

ontology with 

the .owl 

formats. 

 Only evaluate 

according to 

the rules that 

are pre 

described. 

 

the structural 

characteristic

s.  

14 oQual [38,55, 

56] 

2016 Structural 

based 

approach 

 Only evaluate 

the bio-

medical 

ontology with 

the obo 

formats. 

 Can’t evaluate 

all the 

structural 

characteristics 

of ontologies. 

 Only evaluate 

the bio 

medical 

domain 

ontologies. 

 Evaluate the 

ontology 

according to 

the concepts, 

value space 

and 

parameters. 

15  [38,39] 2018 Matric based 

approach 

 Can’t describe  Evaluate the 
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the domain 

knowledge. 

 Can’t evaluate 

the structure 

or semantics 

of ontology.  

ontology. 

16  [58] 2006 Structure 

based 

approach 

 Can’t evaluate 

all the 

structural 

characteristics 

of ontologies. 

 Only evaluate 

the properties. 

  Don’t give 

any domain 

knowledge 

and the 

semantic 

relations. 

 Evaluate the 

ontology 

according to 

the 

properties 

and examine 

the quality.  

17  [60] 2015 Structural 

based 

approach  

 Can’t evaluate 

all the 

structural 

characteristics 

of ontologies. 

Relations 

between the 

concepts and 

instances are 

missing. 

 Only evaluate 

 Evaluate the 

quality of 

ontologies 

according to 

the structural 

characteristic

s.  
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the bio 

medical 

ontologies 

with the owl 

formats. 

 Can’t explain 

the 

comparison of 

ontologies. 

18 OntoBee [59] 2011 Structural 

based 

approach  

 Can’t evaluate 

all the 

structural 

characteristics 

of ontologies 

only evaluate 

the relations 

of concepts 

and the 

properties are 

evaluated. 

 Only evaluate 

the RDF 

formats 

ontologies.  

 Evaluate the 

quality of 

ontologies 

according to 

the structural 

characteristic

s. 

 Explain the 

comparison 

of 

ontologies. 

19  [57] 2017 Structural 

based 

approach 

 Can’t evaluate 

all the 

structural 

characteristics 

of ontologies 

the triples 

(subject, 

 Evaluate the 

quality of 

ontologies 

according to 

the structural 

characteristic

s and explain 
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object and 

predicates) are 

missing. 

the relation 

of concepts 

and 

instances. 

 Explain the 

comparison 

of ontologies 

20  [26,27, 

28] 

2014 Lexical 

Based 

Approaches 

 Can’t compare 

the similar 

ontologies. 

 Can’t evaluate 

all the 

structural 

characteristics 

of ontologies 

 Evaluate the 

ontologies 

according to 

the relations 

between the 

concepts  
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CHAPTER 3: PROPOSED METHODLOGY 

As discussed in the literature the previous ontology evaluation frameworks and their 

approaches for the evaluation purpose. And the objectives and the drawbacks of the existing 

frameworks are also discussed. To resolve the drawbacks of the existing frameworks, we 

proposed a methodology which can help to solve the existing methods drawbacks and evaluate 

the quality of ontologies. For this purpose, the proposed evaluation framework can evaluate the 

ontologies on the bases of all structural characteristics and evaluate all domains related 

ontologies using the SPARQL queries. The proposed framework also compares the ontologies 

which has the same domain and give information about which ontology has more characteristics 

and has the better quality. The structural characteristics that covered in the proposed framework 

are concepts, instances, relations between the classes and instances, triples (Subject, Object and 

Predicates), and almost all kind of properties ae covered. 

3.1 Workflow 

The proposed methodology framework has the following steps for the evaluation of 

ontologies. The steps are (1) Select the ontology form the portal or select your ontology (2) 

import the ontology into the protégé (3) apply the SPARQL queries one by one on each ontology 

(4) Gathered the results (5) compare the results for comparison of same domain ontologies. The 

flow graph of the framework is following:  

 

Figure 3.1-1 Workflow 
 

Select the ontology for the evaluation

Import ontology successfully 

Apply the SPARQL quires one by one

Gathered the evaluated results

Compare the reults
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The first step is to gathered the ontology from the portal in this framework ontology data is 

gathered from the NCBO or OBO foundry. About the data gathering we already discussed in the 

chapter 3 in detail about the portals and the selected ontologies. The domains of the evaluation 

which are selected for the framework are human anatomy (Bio-medical related domain), 

Animals ontologies (Animal related domain), Chemical ontologies (Chemical and physics 

related domains), Neurological disease ontologies (Medical related domain) and Plant ontology 

(Biological domain).  

The second step is to import the ontologies into the protégé. Protégé is the software mostly used 

for the formation of ontologies in different formats like OWL, OBO and XML/RDF. Protégé 

support all formats of ontologies so for the evaluation this is the best tool. For the evaluation, this 

framework use owl and obo formats of ontologies. We select the owl and obo formats ontologies 

for the evaluation purpose.  

The third step is to apply the SPARQL queries on the imported ontologies. SPARQL queries are 

applied on each ontology one by one to calculate the results against the queries. These queries 

are also used in the SQL database but in this framework we used these queries in the protégé. 

Because protégé is used for the making of ontologies so we used this for the evaluation purpose. 

SPARQL queries are easy to understand and easy to use. 

The forth step is to gathered the results after applying the SPARQL queries. All the results of the 

queries are representing in the form of tables in the next chapter of the experimentation. The 

results also explain in the form of graph for the better understanding of the results. The results of 

the queries show the quality of the ontologies. 

The fifth and the last step is used when we have to compare the two different ontologies of the 

same domain or same name to find out which can perform best in terms of quality and give the 

better results. For this purpose, the whole process is performed for both of the ontologies and 

then the computed results are representing in the form of tables or in the form of graph.  

3.2  Evaluation Criteria: 

The selected criteria for the evaluation of ontology is based on the structural 

characteristics. For the literature review, the following structural characteristics are selected of 

the proposed methodology. The characteristics are concepts which are the major block of the 

ontologies, instances or individuals, the relations between the concepts and the relations between 
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the concepts and the instances, triples (Subject, Object, Predicates) and all the possible 

properties.  

 

 

 

Figure 3.2-1 Proposed Evaluation Criteria 
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3.3 Structural characteristics: 

The proposed criteria for evaluation is based on the structural characteristics and the 

characteristic are class/concept, individuals, triples, relations between classes and individuals and 

the properties. The characteristics that are used for this framework are explained in details 

following. 

3.3.1 Concept: 

Concept is also called as classes, which are the abstract set or the abstract collection of 

the things or object in the ontology. Every ontology hierarchy start with the class named 

“Things” in Protégé. “Things” is the major super class of every ontology in the Protégé. Classes 

contain other classes and instances in the ontology hierarchy. Classes are also sub divided into 

the supper class and sub class [65]. Super class is the main class of ontology in which every class 

is linked in hierarchy. In “chemical information ontology” the classes are atom counting, role, 

material entity, processual-entity, processual-context, length unit, three dimensional regions and 

etc.    

3.3.2 Individuals: 

Individuals (also known as instances) are the objects of the domains. In Protégé 

individuals can have two different name which refer the same instance [66]. In OWL the 

individuals/ instance are also known as the original objects in the domain. For example, in 

“chemical information ontology” the instances are label, string, plainLiteral, two-dimensional-

region, temporal-region, creator etc. 

3.3.3 Relations: 

Relations are the different type of ways an objects can interact or relate to the other 

objects. For example, an object can use another object they have a is_a relation. [67] In 

ontologies there are two different types of relations, first is the relation between the classes (how 

each class interact with the other class.) second is the relation between the class and its instances. 

The relations in the “Chemical information ontology” are has-part-of, is_a, is_smaller_than, 

part_of etc. 
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3.3.4 Triples: 

Triples contains the subject, object and the predicate. Triples is like a sentence or the 

event which can give some kind of information about a resource. [68] 

 

Figure 3.3-1 Triples Structure 
 

In the above figure the relations between the subject, object and predicate is shown. In OWL 

ontologies subjects are the URI’s (Uniform Resource Identifier) resource first part which have 

some information that can link to the other resource through the predicates. [69] 

3.3.5 Properties 

Properties define the attributes and features of the concepts in the ontologies. Ontologies 

properties are the connection between the two or more instances. [70] Properties are the relation 

between the instances or the objects. They tell us about how the instances can communicate the 

data and how they link with each other. [69] 

The properties that are used in the proposed criteria are Annotation properties, object properties, 

data properties, reflexive properties, function properties, inverse properties, asymmetric 

properties and symmetric properties. These are the properties that are used in the proposed 

evaluation criteria. These are explained in detail below. 

3.3.5.1 Annotation Property: 

Annotation property gives the information about the concept (class), individuals, 

ontology itself and the other kind of properties. The information is about the meta data for 

example, the author (who create the ontology), version of the ontology, the comments and labels 

etc. the annotation property in owl are “owl:lable, owl:versionInfo, 

owl:backwardCompatibleWith, owl:incompatibleWith, OWL:isDefinedBy and so on.” [61] In 

Protégé while making the ontology one can also defined the annotation properties of ontology.  
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3.3.5.2 Data Property: 

These properties can link the objects with literals. Data property of ontology describe the 

data related information and describe the relation between two individuals in the ontology and 

the datatypes. [70] These are the properties that associated with the owl, XML/RDF, HTML 

schemas. Protégé can support these types of properties and users can easily have defined these 

properties while establishing the ontology. Data property can give the information about the data 

and the relationships between the individuals. Some of the data properties are 

“owl:topDataProperty, :hasName, :hasDataType, :hasFeatureValue, :hasCorrdinates, 

:hasUncertainValue etc.” 

3.3.5.3 Object Property: 

   The object property is used to pair or connect the individuals or objects with each other 

in the ontology. Protégé can support these types of properties and users can easily have defined 

these properties while establishing the ontology. Also Protégé can show the hierarchy of object 

properties and show all the properties in the imported ontology. Some of the object properties are 

“adjacentTo, conformsTo, hasAttributes, contains, hasPart, hasIntegralPart, isattributeOf, 

isVariantOf etc.” 

3.3.5.4 Reflexive Property: 

     Reflexive property is the property which can relate the object with itself. Protégé can 

support these types of properties and users can easily have defined these properties while 

establishing the ontology.  For example, an object A can relate to itself with the property P. 

Some of the reflexive property of “Hymenoptera Anatomy Ontology” are “connected via 

conjunctiva, integral part of”.  

3.3.5.5 Function Property: 

   Using this property, at most one object or instance can connect or relate to the other 

object of instance. Protégé can support these types of properties and users can easily have 

defined these properties while establishing the ontology.  This property contains some 

characteristics of objects. The function properties in the “General formation ontology” are 

“objects to, exist at, framed by, has_functional_item, occupies” etc.  
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3.3.5.6 Inverse Property: 

   It is like the reverse property. For example, if object A and object B are connected with 

some property inverse property is the inverse of the connected property like the inverse property 

of childHas is childOf. Protégé can support these types of properties and users can easily have 

defined these properties while establishing the ontology. This property is not very important but 

it has some instance/individuals characteristics and also Protégé supports this property in owl 

ontologies. 

3.3.5.7 Symmetric Property: 

  Symmetric property says that if an object A is connected with the property P to the other 

object B than object B is also connected with the object A with the same property P. Protégé can 

support these types of properties and users can easily have defined these properties while 

establishing the ontology. Like other properties symmetric property is also link with the object 

property characteristics. For example, the symmetric properties in the “chemical information 

ontology” are “is_variant_of, is_stereoisomer_of etc.”   

3.3.5.8 Transitive Property: 

  Transitive property says that If an object A connected with a property P to an object B, 

and object B is connected with an object C than object A and C are also connected with each 

other with the same property P. Protégé can support these types of properties and users can easily 

have defined these properties while establishing the ontology. Like other properties symmetric 

property is also link with the object property characteristics. 

3.3.5.9 Asymmetric Property: 

  Asymmetric property relates the objects in an opposite to the symmetric property. In 

asymmetric property if an object A is connected with the property P to the other object B than 

object B is not connected with the object A with the same property P.  Protégé can support these 

types of properties and users can easily have defined these properties while establishing the 

ontology. Like other properties symmetric property is also link with the object property 

characteristics. 

The following table shows the short definition of terms for understanding. 
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Table 3.3-1 Structural Characteristics and their definitions 
 

Terms Definition 

Class In Protégé class/concept is the main node of the ontology. The first main node 

is called super class. In Protégé super class is “things”. For example atom 

counting, role, material entity, processual-entity, processual-context, length 

unit, three dimensional regions etc. 

Instances/ 

individual 

Instances are the individuals or objects. 

Class 

relations 

It is the relationship between the classes and objects. 

 

Triples 

 

Subject Describe the resource in the form of URI. 

Object It is the property that is attached to the subject. 

Predicate  Type of relationship between triples. 

 

 

 

 

 

 

Properties 

Annotation Annotation property gives the information about the concept 

(class), individuals, ontology itself and the other kind of 

properties. 

Object The object property is used to pair or connect the individuals or 

objects with each other in the ontology. 

Data  These properties can link the objects with literals. 

Function One object or instance can connect or relate to the other object 

or instance through this property. 

Reflexive The property which can relate the object with itself. 

Symmetric If an object A is connected with the property P to the other 

object B than object B is also connected with the object A with 

the same property P. 

Transitive If an object A connected with a property P to an object B, and 

object B is connected with an object C than object A and C are 

also connected with each other with the same property P. 

Asymmetric If an object A is connected with the property P to the other 

object B than object B is not connected with the object A with 

the same property P 

Inverse  If object A and object B are connected with some property 

inverse property is the inverse of the connected property like 

the inverse property of childHas is childOf. 
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Chapter 4  
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CHAPTER 4: IMPLEMENTATION AND RESULTS  

4.1 Implementation: 

In this section we have execute the queries on the selected ontologies on Protégé and 

discuss the results. For the sake of understanding, we show the results of one ontology and 

explain the results of other ontologies in the later. The results of SPARQL queries are shown 

below 

4.1.1 Importing ontologies: 

Ontologies can be importing into the Protégé by different ways. For example, import the 

ontologies using a URI, importing an ontology from PC, loading from workspace or from the 

already provided library. 

Below shows the figure of the software which we can load the desired ontology to perform the 

evaluation criteria. 

 

 
 

Figure 4.1-1 Importing ontology interface 
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4.1.2 Queries interface for classes and their results:  

 

 PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

 PREFIX owl: <http://www.w3.org/2002/07/owl#> 

 PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

 PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

 SELECT ( count(DISTINCT ?class) as ?count ) 

 { ?class a owl:Class } 

 

 

 
 

Figure 4.1-2 Interface of counting number of Concepts 
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4.1.3 Queries interface for instances and their results:  

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

 PREFIX owl: <http://www.w3.org/2002/07/owl#> 

 PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

 PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

 SELECT (count(DISTINCT ?instance) as ?count_instance) 

 {?instance a ?class } 

 

 

 
 

Figure 4.1-3 Interface of counting number of Individuals 
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4.1.4 Queries interface for Subject and their results:  

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

SELECT (count (DISTINCT ?s ) as 

 ?count_subject) {  ?s ?p ?o   } 

 

 
 

Figure 4.1-4 Interface of counting number of Subjects 
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4.1.5 Queries interface for object and their results:  

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

SELECT (count (DISTINCT ?o ) as  

?count_object) {  ?s ?p ?o   } 

 

 

 
 

Figure 4.1-5 Interface of counting number of objects 
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4.1.6 Queries interface for predicate and their results:  

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

SELECT (count (DISTINCT ?p ) as  

?count_predicate) {  ?s ?p ?o   } 

 

 
 

Figure 4.1-6 Interface of counting number of predicates 
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4.1.7 Queries interface for Triples and their results:  

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

SELECT (count (DISTINCT *)  as 

 ?Triple_Count) {  ?s ?p ?o } 

 

 
 

Figure 4.1-7 Interface of counting number of triples 
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4.1.8 Queries interface for Annotation property and their results:  

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

SELECT (count(DISTINCT ?x) as ?count)  

{?x a owl:AnnotationProperty} 

 

 
 

Figure 4.1-8 Interface of counting number of annotation property 
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4.1.9 Queries interface for object property and their results:  

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

SELECT (count(DISTINCT ?x) as ?count) 

{?x a owl:ObjectProperty} 

 

 
 

Figure 4.1-9 Interface of counting number of object property 
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4.1.10 Queries interface for data property and their results:  

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

SELECT (count(DISTINCT ?x) as ?count)  

{?x a owl:DataProperty} 

 

 
 

Figure 4.1-10 Interface of counting number of data property 
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4.1.11 Queries interface for inverse property and their results: 

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

SELECT (count(DISTINCT ?Inverse_property) as  

?count_Inverse_property) {?Inverse_property a owl:InverseProperty} 

 

 
 

Figure 4.1-11 Interface of counting number of inverse property 
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4.1.12 Queries interface for functional property and their results: 

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

SELECT (count(DISTINCT ?functional_property) as  

?count_functional_property) {?functional_property a owl:FunctionalProperty} 

 

 

 
Figure 4.1-12 Interface of counting number of functional property 
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4.1.13 Queries interface for symmetric property and their results: 

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

SELECT (count(DISTINCT ?Symme 

tic) as ?count_Symmetic_property)  

{?Symmetic a owl:SymmetricProperty} 

 

 

 
Figure 4.1-13 Interface of counting number of symmetric property 
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4.1.14 Queries interface for asymmetric property and their results: 

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

SELECT (count(DISTINCT ?asymetric) as ?count_asymetric_property)  

{?asymetric a owl:AsymmetricProperty} 

 

 
 

Figure 4.1-14 Interface of counting number of asymmetric property 
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4.1.15 Queries interface for Transitive property and their results: 

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

SELECT (count(DISTINCT ? Transitive) as ?no) 

{? Transitive a owl:TransitiveProperty} 

 

 
 

Figure 4.1-15 Interface of counting number of transitive property 
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4.1.16 Queries interface for reflexive property and their results: 

 

PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX owl: <http://www.w3.org/2002/07/owl#> 

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

SELECT (count(DISTINCT ?reflexive) as ?count_reflexive_property)  

{?reflexive a owl:ReflexiveProperty} 

 

 
 

Figure 4.1-16 Interface of counting number of reflexive property 
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Ontology Metric  
 

 
 

Figure 4.1-17 Ontology matric 
  

 

 

 

 



 

53 
 

4.2 Data Gathering 

For the experimental purpose the ontologies data gathered from different online available 

portals for example NCBO, OBO foundry. NCBO [62] is the open source library for the 

ontologies. It has 992 ontologies on different domains and different types. NCBO has categorize 

the ontologies on different formats and different domains so the searching is very easy. NCBO 

[63] can also be used for mapping, annotate your bio data into ontology, as a recommender and 

to browse the ontology. NCBO portal also used in the US. National library of medicine, National 

institute of health (NIH), Applied physics library (API) and LIRMM. NCBO portal is also linked 

with other ontology portals. 

Obo foundry [64] is the open bio-medical and biological web portal for ontologies. Obo foundry 

is linked with OntoBee website. OntoBee has a separate ontology evaluation criterion. In OBO 

Foundry ontologies are represent in the form of tables and each ontology has different formats so 

can user easily found what they need. Each ontology that is available in the OBO foundry is 

documented and also linked with GitHub. The table of ontologies in the obo foundry is 

following. 

   

For our experimentation we select 14 different domains related ontologies. The following table 

can show the name of the ontology, their formats their version (try to evaluate the latest version 

of the ontologies), the categories of the ontologies and the link of the ontology. The domains of 

the evaluation which are selected for the framework are human anatomy (Bio-medical related 

domain), Animals ontologies (Animal related domain), Chemical ontologies (Chemical and 

physics related domains), Neurological disease ontologies (Medical related domain) and Plant 

ontology (Biological domain). 
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Table 4.2-1 Selected ontologies for evaluation 

 

Sr. 

# 

Ontology Title Category  File name Version/modified date 

1 Collembola 

Anatomy 

Ontology 

 

 

 

 

Human 

Anatomy 

Cao.owl Version 1.2/ 

29-03-2019 

2 Subcellular 

Anatomy 

Ontology 

SAO.owl Version 1.2/ 

13-03-2018 

3 Anatomic 

Ontology 

for Human Lung 

Maturation 

human_ 

bioportal.owl 

Version 1/ 

24-03-2018 

4 Anatomic Entity 

Ontology 

Aeo.owl Version 1/ 

22-11-2017 

5 General formal 

ontology of 

biology 

 

 

 

Animal 

Gfo_bio.owl 1.1 

3-2-2010 

6 Planarian 

Anatomy and 

developmental 

Stage Ontology 

Plana.owl 25-05-2019 

7 Hymenoptera 

Anatomy 

Ontology 

 

Hao.owl 26-4-2018 

8 Chemical 

Information 

Ontology 

 

 

 

Chemical  

Cheminf.owl Version 1.9.3 

21-8-2019 

9 NanoParticale 

Ontology 

npo-2011-12-

08_inferred.owl 

Version  

17-8-2012 

10 Alzheimer's 

Disease Ontology 

 

 

 

Neurological  

disease 

Alzheimer Ontology v15R-

xml_merged.owl 

Version 1.1.1 

23-7-2013 

11 Epilepsy and 

Seizure 

Ontology 

EpSO_v1.1.owl Version 1.0 

1-9-2017 

12 Neurodegenerative 

Disease Data 

Ontology 

NDDO.owl Version 0.2 

03-06-2019 

13 Flora Phenotype 

Ontology 

 

Plant  

Flopo.owl Version 0.9 

6-3-2016 

14 Plant Diversity 

Ontology 

PlantDiversityOntology.owl 30-4-2015 

https://bioportal.bioontology.org/ontologies/COLL
https://bioportal.bioontology.org/ontologies/COLL
https://bioportal.bioontology.org/ontologies/COLL
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4.3 Results  

The results of the queries applied to all the selected ontology are following: 

4.3.1 Classes and individuals  

Table 4.3-1 Results of classes and individuals 
 

Sr. 

# 

Ontology title Category Classes Distinct 

Classes 

Individual   Distinct  

Individual   

Total  

1 Collembola Anatomy 

Ontology  
 

 

 

Human 

Anatomy 

4157 998 9876 1606 16637 

2 Sub-cellular 

Anatomy Ontology 

5917 790 15490 1352 23549 

3 Anatomic Ontology 

for Human Lung 

Maturation 

1389 295 2901 316 4901 

4 Anatomic Entity 

Ontology 

982 250 4256 624 6112 

5 General formal 

ontology of biology 

 

Animal’s 

Ontology 

970 199 1701 412 3282 

6 Planarian Anatomy 

and developmental 

Stage Ontology 

2376 545 13619 1810 18350 

7 Hymenoptera 

Anatomy Ontology 

17708 2534 72438 15467 108147 

8 Chemical 

Information 

Ontology 

Chemical’s 

Ontology 

2821 736 7610 1486 12653 

9 NanoParticale 

Ontology 

35649 2462 59676 5633 103420 

10 Alzheimer's Disease 

Ontology 

 

Neurological  

disease 

6440 1608 16726 2465 27239 

11 Epilepsy and Seizure 

Ontology 

5092 1455 9783 2149 18479 

12 Neurodegenerative 

Disease Data 

Ontology 

7960 1755 18398 4444 32557 

13 Flora Phenotype 

Ontology 

Plant’s 

Ontology 

196354 50755 452232 147591 846932 

14 Plant Diversity 

Ontology 

14167 380 112110 13068 139725 
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4.3.1.1 Graphical representation of the above class table: 

   Below graph 4.3-1 can represent he concepts and individuals of the anatomy related 

domain. The number of classes of SAO is higher than other ontologies and the number of 

individuals of CAO ontology is higher than others. 

 

Figure 4.3-1 Graph of class and individuals of anatomy ontology 

The following graph 4.3-2 can represent the animal related ontologies class and individuals 

count. According to the results the HAO ontology has more number of classes and individuals. 

 

 
Figure 4.3-2 Graph of class and individuals of animal ontology 
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The following graph 4.3-3 can represent the results of chemical ontology classes and individuals. 

The NPO ontology has more number of classes and individuals as compared to CIO ontology.  

 

Figure 4.3-3 Graph of class and individuals of chemical ontology 

 

The following graph 4.3-4 shows the class and individuals of the neurological domain related 

ontologies. The results show that the NDD ontology has more number of classes and individuals 

as compare to the other ontologies. 

 

Figure 4.3-4 Graph of class and individuals of neurological disease ontology 
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The following graph 4.3-5 show the results of the plant’s related domain ontologies. The results 

show that the flora phenotype ontology has more number of classes/concepts and 

individuals/instances.  

 

 

 
Figure 4.3-5 Graph of class and individuals of plan’s ontologies 

 

In the above graphs, the results of queries that applied on the selected ontology has been 

explained and show how many classes/concepts and individuals/instances each ontology has. 

 

4.3.2 Triples (Subject, Object and Predicates) 

Triples contains the subject, object and the predicate. Triples is like a sentence or the 

event which can give some kind of information about a resource. The following table 4.3-2 show 

the results of triples queries that are applied on all the selected ontologies. The total number of 

subject, object and predicates. And then explain the results using graphs and show which 

ontology has more number of triples (subject, object and predicates) in the ontologies. 
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Table 4.3-2 Results of triples (Subject, Object And Predicate) 
 

Sr

. # 

Ontology title  Total 

Subject  

Distinct 

Subject 

Total 

Object  

Distinct 

Object  

Total 

Predicates  

Distinct 

predicate 

Total 

Triples 

1 Collembola 

Anatomy 

Ontology 

24619 6484 24619 7322 24619 23 24619 

2 Sub-cellular 

Anatomy 

Ontology 

38823 9120 38823 11549 38823 51 38823 

3 Anatomic 

Ontology for 

Human Lung 

Maturation 

7851 2070 7851 2467 7851 20 7851 

4 Anatomic Entity 

Ontology 

10992 2545 10992 3362 10992 20 10992 

5 General formal 

ontology of 

biology 

4322 1323 4322 1162 4322 24 4322 

6 Planarian 

Anatomy and 

developmental 

Stage Ontology 

35139 8223 35139 11212 35139 98 35139 

7 Hymenoptera 

Anatomy 

Ontology 

170500 41437 170500 43902 170500 24 170500 

8 Chemical 

Information 

Ontology 

19579 5480 19579 6130 19579 44 19579 

9 NanoParticale 

Ontology 

147697 33398 147697 32047 147697 30 147697 

10 Alzheimer’s 

Disease 

Ontology 

41830 10800 41830 13472 41830 24 41830 

11 Epilepsy and 

Seizure 

Ontology 

24626 7085 24626 7078 24626 26 24626 

12 Neurodegenerat

ive Disease 

Data Ontology 

45539 12548 45539 14108 45539 52 45539 

13 Flora Phenotype 

Ontology 

1076452 293712 1076452 320415 1076452 41 1076452 

14 Plant Diversity 

Ontology 

227672 59564 227672 57266 227672 42 227672 
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4.3.2.1 Graphical representation of the above triples table: 

  The following graph 4.3-6 show he results of the triples on anatomy ontology. The 

results show that the SAO ontology has more number of subjects, object and predicates. 

 

 

Figure 4.3-6 Graph of triples (Subject, object, predicates) of anatomy ontologies 

 

The following graph 4.3-7 show he results of the triples on animal ontology. The results show 

that the HAO ontology has more number of subjects, object and predicates. 

 

Figure 4.3-7 Graph of triples (Subject, object, predicates) of animal ontologies 
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The following graph 4.3-8 show he results of the triples on chemical ontology. The results show 

that the NPO ontology has more number of subjects, object and predicates. 

 

 

Figure 4.3-8 Graph of triples (Subject, object, predicates) of chemical ontologies 

 

The following graph 4.3-9 show he results of the triples on neurological disease ontology. The 

results show that the NDDO ontology has more number of subjects, object and predicates. 

 

 

Figure 4.3-9 Graph of triples of neurological disease ontologies 
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The following graph 4.3-10 show he results of the triples on plant ontology. The results show 

that the FPO ontology has more number of subjects, object and predicates. 

 

 

 
Figure 4.3-10 Graph of triples (Subject, object, predicates) of plants ontologies 

 

In the above graphs, the results of queries that applied on the selected ontology has been 

explained and show how many triples (subjects, objects and predicates) each ontology has. 
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Table 4.3-3 Relation in ontologies 

Sr. 

# 

Ontology title Categories No. of relations 

between classes 

Equivalent 

classes 

relations 

Total 

Relations 

1 Collembola Anatomy 

Ontology 

 

 

 

Human 

Anatomy 

1579 1 1580 

2 Subcellular Anatomy 

Ontology 

915 4 919 

3 Anatomic Ontology 

for Human Lung 

Maturation 

547 0 547 

4 Anatomic Entity 

Ontology 

366 0 366 

5 General formal 

ontology of biology 

 

 

Animal 

Ontology 

232 31 263 

6 Planarian Anatomy 

and developmental 

Stage Ontology 

789 51 840 

7 Hymenoptera 

Anatomy Ontology 

4820 1 4821 

8 Chemical Information 

Ontology 

 

Chemical 

Ontology 

871 28 899 

9 NanoParticale 

Ontology 

3557 398 3955 

10 Alzheimer's Disease 

Ontology 

 

Neurological  

disease 

2266 72 2338 

11 Epilepsy and Seizure 

Ontology 

1718 0 1718 

12 Neurodegenerative 

Disease Data 

Ontology 

493 2 495 

13 Flora Phenotype 

Ontology 

 

Plant Ontology 

36886 23872 60785 

14 Plant Diversity 

Ontology 

816 0 816 

 

 

 

 

https://bioportal.bioontology.org/ontologies/COLL
https://bioportal.bioontology.org/ontologies/COLL
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4.3.3.1 Graphical representation of the above relations table 

   The following graph 4.3-11 show he results of the relations on anatomy ontology. The 

results show that the CAO ontology has more number of relations as compared to the other 

ontologies. 

 

Figure 4.3-11 Graph of relations of anatomy ontologies 

The following graph 4.3-12 show he results of the relations on animal ontology. The results 

show that the HAO ontology has more number of relations as compared to the other ontologies. 

 

Figure 4.3-12 Graph of relations of animal ontologies 
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The following graph 4.3-13 show he results of the relations on chemical ontology. The results 

show that the NPO ontology has more number of relations as compared to the other ontologies. 

 

Figure 4.3-13 Graph of relations of chemical ontologies 

 

The following graph 4.3-14 show he results of the relations on neurological disease ontology. 

The results show that the ADO ontology has more number of relations as compared to the other 

ontologies. 

 

Figure 4.3-14 Graph of relation of neurological disease ontology 
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The following graph 4.3-15 show he results of the relations on plant ontology. The results show 

that the FPO ontology has more number of relations as compared to the other ontologies. 

 

Figure 4.3-15 Graph of relation of plant ontologies 

 

In the above graphs, the results of queries that applied on the selected ontology has been 

explained and show how many relations of classes each ontology has. 
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Table 4.3-4 Properties of selected ontologies-1 
Sr. # Ontology Title Annotation 

Property 

Object 

Property 

Data 

Property 

Transitive  

Property 

1 Collembola Anatomy 

Ontology 

13 13 0 13 

2 Subcellular Anatomy 

Ontology 

34 36 0 2 

3 Anatomic Ontology 

for Human 

Lung 

Maturation 

19 0 0 0 

4 Anatomic 

Entity 

Ontology 

15 11 0 0 

5 General formal 

ontology of biology 

2 73 0 7 

6 Planarian Anatomy 

and 

developmental Stage 

Ontology 

81 131 0 19 

7 Hymenoptera 

Anatomy Ontology 

15 6 0 4 

8 Chemical Information 

Ontology 

40 69 0 17 

9 NanoParticale 

Ontology 

12 65 0 4 

10 Alzheimer's Disease 

Ontology 

17 12 0 1 

11 Epilepsy and Seizure 

Ontology 

7 28 0 0 

12 Neurodegenerative 

Disease Data 

Ontology 

35 64 0 2 

13 Flora Phenotype 

Ontology 

19 26 0 6 

14 Plant Diversity 

Ontology 

8 58 0 0 

 

 

https://bioportal.bioontology.org/ontologies/COLL
https://bioportal.bioontology.org/ontologies/COLL
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Table 4.3-5 Properties of selected ontologies-2 
Sr. 

# 

Ontology title Inverse 

Properties 

Functional 

Properties 

Asymmetric 

Properties 

Symmetric 

Properties 

Reflexive 

Properties 

 

1 Collembola 

Anatomy Ontology 
1 0 11 2 0 

2 Subcellular 

Anatomy Ontology 
1 3 0 0 0 

3 Anatomic Ontology 

for Human Lung 

Maturation 

0 0 0 0 0 

4 Anatomic 

Entity Ontology 
0 0 0 0 0 

5 General formal 

ontology of biology 
0 7 0 0 0 

6 Planarian Anatomy 

and 

developmental 

Stage Ontology 

0 1 0 4 0 

7 Hymenoptera 

Anatomy Ontology 
0 0 0 0 4 

8 Chemical 

Information 

Ontology 

0 1 0 5 0 

9 NanoParticale 

Ontology 
0 1 0 0 0 

10 Alzheimer's 

Disease 

Ontology 

0 0 0 0 0 

11 Epilepsy and 

Seizure Ontology 
0 0 0 0 0 

12 Neurodegenerative 

Disease Data 

Ontology 

0 6 0 0 0 

13 Flora Phenotype 

Ontology 
0 0 0 0 2 

14 Plant Diversity 

Ontology 
0 0 0 0 0 

 

 

https://bioportal.bioontology.org/ontologies/COLL
https://bioportal.bioontology.org/ontologies/COLL
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4.3.4.1 Graphical representation of the above properties table: 

   The following graph 4.3-16 show he results of the properties of anatomy ontology. The 

results show that the SAO ontology has more number of properties as compared to the other 

ontologies. 

 

Figure 4.3-16 Graph of properties of anatomy ontologies 

The following graph 4.3-17 show he results of the properties of animal ontology. The results 

show that the PA&DS ontology has more number of properties as compared to the other 

ontologies. 

 

Figure 4.3-17 Graph of properties of animal ontologies 
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The following graph 4.3-18 show he results of the properties of chemical ontology. The results 

show that the NPO ontology has more number of properties as compared to the other ontologies. 

 

Figure 4.3-18 Graph of properties of chemical ontologies 

 

The following graph 4.3-19 show he results of the properties of neurological ontology. The 

results show that the NDDO ontology has more number of properties as compared to the other 

ontologies. 

 

Figure 4.3-19 Graph of properties of neurological ontologies 
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The following graph 4.3-20 show he results of the properties of plant ontology. The results show 

that the PDO ontology has more number of properties as compared to the other ontologies. 

 

 

Figure 4.3-20 Graph of properties of plant ontologies 

 

In the above graphs, the results of queries that applied on the selected ontology has been 

explained and show how many properties of classes each ontology has. These graph represents 

the quality of each ontology. All the selected ontologies are evaluated and their graph are shown 

above. 

4.4 Comparison of same type of ontologies using proposed framework: 

Another use of the proposed framework is that we can compare the ontologies to check 

which ontology is best in terms of quality. Comparison of ontology is necessary when we have to 

make a new ontology so we compare the new ontology with the existing ontology and evaluate 

that the new ontology is best as compared to the existing one. For this purpose, we import two 

ontologies from different portals. These ontologies belong to the same domain and both 

ontologies are make for the cell line descriptions. So we compare both ontologies according to 

our framework and compare the results of evaluation.  
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Cell line ontology CLO and MCCL are for the same domain ontology. We compare both 

ontology quality using the proposed framework. According to results the CLO is better in quality 

than MCCL because CLO has more classes, triples and properties but MCCL has more relation. 

The values of the class, triples, relations and properties and their graphical representation are 

following:  

 

Table 4.4-1 Comparison of cell line ontologies 
 

Sr # Ontology Total 

Classes/Individuals 

Total 

Triples 

Total 

Relations 

Total 

Properties 

1 Cell Line 

Ontology (CLO) 

44874 140999 125545 117 

2 Cell Line 

Ontology (MCCL) 

5475 138088 135916 17 

 

Following graph represent the class, individuals, triples, relation and properties of both 

ontologies and show the Cell line ontology (CLO) has more number of characteristics as 

compared to the MCCL ontology.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4-1 Graph of comparison of cell line ontologies 
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4.5 Comparison of Proposed framework with existing frameworks: 

 

According to the literature, the frameworks that evaluate the ontology according to the 

structural characteristics are OntoQA, OntoBee, [57] and [60]. We have compare our proposed 

framework with these frameworks.  

OntoQA evaluate the ontologies on the bases of the class, instances and the relations of the 

ontology. OntoQA cannot cover all the characteristics of ontology for quality evaluation of 

ontology. Also the OntoQA’s framework only evaluate the ontology which have the owl format 

and evaluate only medical related ontologies. And the proposed framework can evaluate all the 

structural characteristics of ontologies and evaluate all domains related ontologies. 

OntoBee evaluate the ontologies on the basis of the concept/class and the properties between the 

classes. Like OntoQA, this framework also cannot evaluate all the characteristics triples (subject, 

object, predicates) instances, relation and the other properties are missing. This framework only 

evaluates the medical related ontologies.  

Khan’s [60] framework for ontology evaluation can evaluate the classes, instances, triples 

(subject, object, predicate) and some properties. But some characteristics are missing for 

examples the relations between the classes and some properties like transitive property. This 

framework is only for the owl format related ontology and can evaluate only medical related 

ontology. As the proposed framework can evaluate almost all domain related ontologies and 

covered all the structural characteristics for the quality evaluation of the ontologies. 

Tao’s framework [57] can evaluate the RDF/XML formats ontology and evaluate the ontology 

on the bases of the class, instances, relation and some object related properties. But the triples 

(subject, object, predicates) and other properties are missing. As compared to the proposed 

framework, the proposed framework can evaluate the ontologies using all the structural 

characteristics and evaluate all the formats of the ontologies but the queries are different for all 

every format but the framework is same (Queries can very as the format is changed). Proposed 

framework can evaluate almost all the domains of the ontologies and they are explained in the 

result chapter. 
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Table 4.5-1 Comparison with related work 

Ontologies OntoQA oQual Ning’s 

framework 

Khan’s 

Framework 

OntoBee Proposed 

framework 

Reason 

Dublin Core - Good 

Quality 

- - Good 

Quality 

Good 

Quality 

All 

Characteristics 

are present  

PROV-O - Bad 

Quality 

- - Good 

Quality 

Good 

Quality 

All 

Characteristics 

are present 

SKOS - Good 

Quality 

- - Good 

Quality 

Bad 

Quality 

Properties are 

missing 

GlycO Bad 

Quality 

- - - - Good 

Quality 

All 

Characteristics 

are present 

SWETO Good 

Quality 

Good 

Quality 

- - - Good 

Quality 

All 

Characteristics 

are present 

Ontology 

Biophysics 

- - Good 

Quality 

- - Good 

Quality 

All 

Characteristics 

are present 

Hymenoptera 

Anatomy 

Ontology 

- - - Good 

Quality 

Good 

Quality 

Good 

Quality 

All 

Characteristics 

are present 

Ontology for 

General 

Medical 

Science 

- - - Good 

Quality 

Good 

Quality 

Bad 

Quality 

Properties are 

missing 

Porifera 

Ontology 

- - - Good 

Quality 

Bad 

Quality 

Bad 

Quality 

Properties and 

relationships 

between 

classes are 

missing 

Uber 

Anatomy 

Ontology 

- - - Good 

Quality 

Good 

Quality 

Good 

Quality 

All 

Characteristics 

are present 
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Following table can show the comparison of the frameworks. 

Table 4.5-2 Comparison with existing frameworks 
 

Structural  

Characteristics 

OntoQA OntoBee [60] [57] Proposed 

Criteria 

Subject   Y  Y 

Object   Y  Y 

Predicate   Y  Y 

Concepts Y Y Y Y Y 

Instances Y  Y Y Y 

Relations Y   Y Y 

Object  

property 

 Y Y  Y 

Annotation 

property 

 Y Y  Y 

Transitive 

Property 

    Y 

Other 

Properties 

   Y Y 

 

The above graph 4.5-1 represent the comparison of the proposed methodology with the existing 

frameworks and shows that the proposed framework can evaluate all the structural 

characteristics.    
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Chapter 5  

Conclusion and Future work 

__________________________________________________________ 
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CHAPTER 5: CONCLUSION AND FUTURE WORK 

 

5.1 Conclusion: 

There are many ontology web portals and thousands of ontologies was made on different 

domains. So to find out which ontology is better and which ontology can solve the required 

problems ontology evaluation is very important. The main focus of ontology evaluation is to 

estimating the quality of ontology. Ontology evaluation is the most important and complex part 

of ontology engineering process because it involves in the different levels of ontology formation 

that are evaluation and the reuse. Our proposed framework can evaluate the quality of ontology 

using the structural characteristic that are concept/class, individuals/instances, relations between 

classes, triples (subject, predicate, object), properties.  

Our proposed framework used to evaluate the ontologies and also used for the comparison of 

ontologies and tell which ontology is best in terms of quality and structure. We applied the 

SPARQL queries on the selected different domains related ontologies and explain the results in 

the tables and also the form of graphs. Our proposed framework can evaluate all the formats of 

ontologies but in this research we only use owl format because owl is the most used format of 

ontology. For other formats the proposed framework is same but the queries that are used is 

different according to the format. For evaluation we use protégé and SPARQL queries. 

The proposed framework is used for all domains related ontologies. For our proposed framework 

we select four human anatomy ontologies, three animal ontologies, two chemicals ontologies, 

three neurological ontologies and two plant ontologies. We applied all the queries on every 

selected ontology and explain the results. we also compare the quality or two same type of 

ontology and explain which ontology is best in terms of quality. In this framework we try to 

evaluate all the possible different domains related ontologies not just medical ontologies.  

The limitation of the proposed framework is that it can only evaluate the structural characteristics 

and evaluate the ontology on the basis of the quality and ignore the quantitative aspects. 

The advantage of the framework is that it can evaluate all the domains ontologies not just 

medical ontologies and this framework can also use for the comparison of ontologies. This 

framework can use for the evaluation of all different type of formats of ontology but the queries 
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are different for each format. This framework covers all the structural characteristics. And helps 

the researcher to find the best quality ontology. 

5.2 Future work 

As the proposed framework’s evaluation results are very precise and the comparison of 

ontologies give information about the improvement and quality of the ontologies. The proposed 

framework can only evaluate the quality of ontology. In future quantitative evaluation criteria 

should be proposed for evaluation of ontologies. And also make a web portal for the evaluation 

of the ontologies. In the proposed framework, when we compare two ontologies it can only give 

a numerical number of characteristics difference in further the comparison can also tell the same 

and different characteristics of each ontology.  
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