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2 Abstract 

 

Recently, the effects of the electronic system in the education procedure last year. Most 

of the universities of the Kurdistan region-Iraq used the e-learning management system. 

The universities moved towards E-learning systems, especially in 2019-2020, due to 

COVID-19. But the E-learning systems in Kurdistan universities applied only the basic 

concepts of the web on the ELMS (E-learning Management System). However, with 

the massive amount of documents, information, and staff, it is difficult for the student 

to find accurate information and his target. Semantic Web technology has a good role 

in solving this issue by supporting the system with SW techniques.  

 This study's main aim is to manage the information and the data in the E-learning 

system of DPU. Most of the contents in ELMS that used in the E-learning sector are 

not organized in a good structure. To overcome this problem, the ontological approach 

used to create an ontology for the E-learning system of DPU, where the ontology is the 

backbone of the Semantic Web. Ontology is designed to organize and structure the 

information of the ELMS of DPU. The ontology data will be shared between the users 

to ensure uniformity, consistency, and scientific nature in structuring data and sources. 

Many tools are used to edit and design the ontology, but a few solutions are presented 

to solve interface programming. In this research, the ontology has been constructed 

using Ontology-Oriented programming to access and modifying the ontology. The 

main aim of designing the ontology using Ontology- oriented programming is to access 

the entities and the classes of OWL or RDF ontology. In terms of finding the 

information and the related data, a second part is created on web-side to find and 

visualize it.   
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 The second part of this work is to develop a search engine based on Semantic 

Web technology. The proposed search engine is used to find the relative information 

and separate the irrelative information. The proposed search engine consists of four 

modules, such as fetching the DPU website, Crawling the DPU website, Parsing the 

web page, and the final stage is indexing the data to processing the users' query. In this 

research, the Linked Data technology links the related data and the information in the 

web application. The information is visualized using the Vuj library to make it more 

transparent and more friendly.  

 Different platforms are used to test and evaluate the efficiency of the proposed 

system, where the result indicates the system's excellent performance. Finally, the 

integration between different technologies of the Semantic Web and using Ontology-

Oriented Programming by Python language has proved the power of using these 

technologies in ELMS.    
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Chapter One: 

1. Introduction: 

1.1. Overview: 

Recently, all the information and data in the World Wide Web (WWW) have become 

controlled by the Internet, surpassing most of the developed technologies last year. The 

Internet has grown rapidly and affects most fields, such as industries, health, traveling, 

banking, and education. These fields are enabled over the web as electronic systems to 

enhance and improve their operations. Additionally, most of the methods rely on the 

database and information based on the Internet. To build such a scenario, the developer 

needs a methodology, development tools, logical process, and guidelines. The web 

engineering fields will be emerging to design the E-Systems and online systems in a 

completed scenario to fulfill those needs. Web engineering uses the main principles 

(scientific, engineering, and management) to develop any web system.   

Most of the WWW data is shared and become an easy task for users to download 

it over the Internet based on a structured database [1]. The data and the information that 

are stored in repositories over the Internet, and these data create a big challenge for web 

developers to access the exact and accurate information. Hence, getting and retrieving 

the data from these repositories is a big challenge.  Often, a search engine is used to get 

the exact information from the web. However, to get accurate information in the search 

engine, indexing, seeking, filtration, and other strategies were employed.  

The WWW, known as web 2.0, is used to create many sites such as blogs, wikis, 

and web applications. Also, web 2.0 is used in many E-learning Systems (ELSs). 

However, due to the limitations of web 2.0 nowadays, web 3.0 is used in E-learning 

Management Systems ELMSs. The term Semantic Web (SW) was coined by Tim 

Berners-Lee, the inventor of the WWW and director of the World Wide Web 
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Consortium ("W3C1"), who oversaw the development of proposed SW (SW) standards. 

The SW promised to enable a new generation of intelligent applications by providing 

programs and software agents with wealthy and influential ways to share information 

and knowledge. Hence, using SW in e-learning will make the data understandable by 

machines, and the communication between human and machine agents will be based 

semantically.  One of the primary purposes of using SW is to create ELMSs that 

provides a relationship between user information and ELS content. Consequently, the 

next generation of ELS will be based on SW.   

In the last decade, electronic learning (e-learning) has been develop and the most 

popular way of learning is through the Internet and electronic medium. In addition to 

that, many educational institutions implement e-learning platforms to build courses, 

collect the educational materials, and facilitate the interaction between the students and 

lecturers. The technology of the web in the e-learning field has moved from hypertext 

documents to the online portals. Furthermore, many ELSs applied SW to increase the 

cooperation between the students and lecturers, generate information about data (Meta 

Data), and the reusability of the information in the SW (Manickasankari et al., 2014). 

The ELMSs in Kurdistan Region-Iraq (KRI) do not provide SW and ontology yet, so 

building ontology and applying SW technology on ELMS is required. Ontologies have 

been used in many fields and applications considered, the main fundamentals of the SW 

[4], increasing SW [3]. Ontology is used to organize the contents of all fields [4]. 

Ontologies play a crucial role in ELSs because the machine can understand each 

system's ontology through the ontology of each system's ontology. Therefore, using 

ontologies will make communication between the people and devices easier and 

understandable. 

 
1  World Wide Web Consortium: WWW.w3.org     

http://www.w3.org/
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Additionally, ontologies in ELS will help the user to discover and find the 

information. Applying SW technologies in ELS is one of the crucial points that make 

them more accurate to find and link the related data and information. Finding the 

information in any electronic system is poor because it is based on limited recall and 

keywords. Therefore, the quality of finding the information is not accurate. The 

annotations technique is used with the texts to improve it, which is one of the SW 

technologies [1] [5]. 

The ontology is known as a backbone of the SW technology. The ontologies' 

elements are based on two primary languages utilized to describe ontologies' elements 

used to represent ontologies' elements based on two primary languages used to 

represent the knowledge: Web Ontology Language (OWL2) and Resource Description 

Framework (RDF3). The primary purpose of using ontology is to do a systematic 

explanation. The term ontology plays the right role in artificial intelligence. 

Additionally, the proposed system will reduce the time and improve the learning quality 

by using semantic technologies. In this period, the ontology is used to organize the 

content, including ELSs as well. Additionally, this will increase the ability of 

information processing and intelligent search, the web contents are described as a 

resource known as triple <subjects, predicate, object>. To indicate the connection 

between the resources, the main structure of the linked resources in the web is used by 

Uniform Resource Identifiers (URIs), which is extended by RDF. The essential point 

in SW technology is linking the data, where the web content is annotated with each 

other to enhance the linking data and connect with the related data.  

Publishing and linking the related data with each other is described by Lee in some 

stages; which are: 1) the resources should be identified with URIs; 2) the URIs should 

 
2 https://WWW.w3.org/OWL    
3  http://WWW.w3.org/RDF    

https://www.w3.org/OWL
http://www.w3.org/RDF
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be reusable by people; 3) when the user searches or looks up for information and data, 

two primary standards should be as same as (RDF and SPARQL4) more information 

and data will be discovered when linked to other URIs [6]. The published data on the 

web by LD is defined well and understandable by machine and linked with other 

external resources data. The untyped or uncategorized data where the data is connected 

with HTML pages depends on Hypertext webpages. On the other hand, the LD data are 

relay on RDF as the data are categorized based on the SW concept. 

 

1.2. Problem Statement 

Nowadays, most systems are based on electronic concepts (E-learning, E-

government, E-Health, etc.…). most are based on simple programming concepts as 

database working offline or as a web-based. The quality of the electronic systems 

published on the web is a weakness in terms of SW technologies. E-learning 

implementation is not practiced in KRI universities; it faces many challenges and 

problems in the learning procedure. However, these systems are still limited to be 

developed and enhanced by applying SW technologies on it. In this work, an E-learning 

and DPU website, including the staff portal of DPU, are created and based on SW 

technology to enhance the SW on the system. Applying SW on an electronic system 

points to some challenges to make the system easy to use, and the data will be machine-

understandable. 

This thesis is motivated by the author as a lecturer at DPU for applying SW 

technologies on the ELS of DPU. The ELS of the DPU is only used to uploading and 

downloading the learning material, in each course presented and assignments, lecturers, 

and homework. When the students search for courses, staff, departments, and colleges 

or institutes, they cannot link to the related data. So, it was tedious to create a search 

 
4  http://WWW.w3.org/TR/rdf-sparql-query    

http://www.w3.org/TR/rdf-sparql-query
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engine based on SW to make the search process more accurate and manageable. In this 

work, the challenges of the SW technologies are stated, ontology on ELMS-DPU has 

been constructed, a semantic search engine is created to find the accurate information 

in the system, and Linked Data concepts are applied to link the related data with each 

other based on the ontology of DPU. All the explored data and the information will be 

visualized and connected with the related link based on Linked Data concepts to 

explorer data for specialist and non-specialist users. 

  

1.3. Significant Points    

The significant point of the proposed system is applying SW technology on ELS of 

Duhok Polytechnic University. Where the SW technologies provide advantages on the 

system's data, the data will be understandable by machine, classification of the data, 

structured data, and make it easier to find accurate information. Moreover, the system's 

ontology has been constructed using object-oriented programming using Python 

language, where the data are classified automatically. Besides, LD is applied to the 

proposed approach to link all the related data and make it more accurate to find the 

system's information. Furthermore, the proposed system is provided by a search engine 

based on SW technology, where the user search for detailed information is categorized 

into four options (Staff, Course, Department, and Institute or College). The data are 

linked together and visualized the result to make a more friendly interface. The 

proposed system is based on the server-side and client-side, where the system is 

uploaded on the server-side using cloud computing from Microsoft (Azure).  
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1.4. Thesis Scope 

The main focus of this project is to apply SW technology on ELS and Duhok 

Polytechnic University website and constructing the ontology of the ELMS-DPU based 

on SW technologies. The ontology of the system is based on RDF because of the data 

classification, which is following a structure known as triple < subjects, predicate, 

object >. The system is developed using Python as the main language to construct an 

ontology and classify the classes of the ontology; In addition to that, Flask has been 

used to develop the web site of the system, DBMongo is used to store the document as 

a database, and the Whoosh library is used to index the document. A search engine is 

constructed to find the accurate information with linking the related data with each other 

using LOD technique. The system depends on one dataset, which is fetched up from 

DPU website including (ELS and Staff portal). The user will understand the importance 

of the SW technologies and Linked Data that applied to the proposed system. 

 

1.5. The aims of the thesis 

This thesis aims to design and implement an ontology for ELMS of DPU based on SW 

technologies. The ontology is constructed through Ontology-Oriented Programming 

using Python. The proposed system trends to present the data and the information 

efficiently to make the system much more comfortable to be used even by 

nonprofessional users, they can understand SW and linked data concepts. 

Moreover, the below objectives are taken into account during the design and 

implementation of the proposed system:    

a. To identify the main reasons that brought up visual SW development. 

b. To identify the problems for the individual and learner to adopt the visual SW. 

c. To design and construct an ontology-based on SW technology. 
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d. To test the ontology of ELMS-DPU and make sure that there is no collision 

among the individuals, object, and data properties using Reasoner.  

e. To connect the ontology with a search engine in the proposed system and link 

the related data with each other based on the ontology of DPU.  

 

1.6. Contributions 

The principal contribution of this research is to minimize the gap in this research. The 

below list summaries the main contributions of this research:  

a. Create an ontology for DPU portals (E-learning and staff portals) using Object-

Oriented Programming as the primary paradigm using Python language.  

b. Visualize the ontology to simplify and help the users understand and explore the 

ontology easily using VOWL plugin in protégé application and WebVOWL as 

an online portal. 

c. Query the information of the ontology using SPARQL-DL to query and retrieve 

the specific information.  

d. A search engine based on SW concepts has been constructed to find accurate 

information and linking the related data based on the LOD concept.  

e. Visualize the discovered data and information from the RDF file into a node and 

link it to the primary resource, such as a server or online resources.   

 

 

 

 

 

 

 



  

8 
 

Chapter Two: 

2. Background: 

2.1.  Web Engineering 

Contested web engineering is a disciplined engineering approach for the creation 

of web-based systems [7]. Despite web applications' size, engineering is an adaptable 

and incremental procedure because a group of frameworks populates it. The 

frameworks considered for web engineering work are planning, modeling, formulation, 

testing, and customer evaluation [8]. The web-based system has been developed using 

these activities.   

A generic framework has been proposed in [6] and then reference [7] addressed 

management and semantical issues to manage a web-based application. Offutt in [9]  

has addressed the semantic issues to model the framework's components, and the type 

of available data has been described in [10].  Management issues are handled through 

a framework that includes formally defined concepts, consistency of knowledge base, 

processes, and synchronization control of the information model. The proposed 

management system provides a language-friendly environment for web-based 

information services and gives web source independence. 

In their study, Ginige and Murugesan [11] pointed out that both the Internet and 

the World Wide Web (WWW) have become predominant in all sectors these days. Web 

promoters (developers) should be equipped with good methodology, reiterated 

processes, updated materials for better development, and a number of sound 

instructions to establish web-based systems and applications [12]. The developed sector 

of Web engineering achieves these demands. It utilizes scientific, engineering, and 

administration fundamentals and structured methods to successfully grow, set up, and 

preserve the best-quality web systems and implementations [13].  
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In [14], the authors explained that Web engineering is a branch among 

disciplines, including the science of computer, IS, SE, and the benefit from other fields 

of specializations that are not related to IT. Based on [15], SE application principles to 

develop web implementations probably help develop the execution quality. 

 

2.2. Semantic Search Engine  

The Internet has been developing rapidly day by day. Internet affects in all aspects of 

our lives, especially in educational and research areas.  Everyone needs to search for 

accurate information and documents. Everyone wants to obtain the data from the 

Internet to fulfill the need of the users. The traditional search engines are used to search 

for the information, but people are getting unrelated information and documents [16]. 

The current search engine lacks accurate data, and the content is not understandable by 

the machine. A new generation of the search engine is known as the Semantic Web.  

Many unrelated documents are listed in a traditional search engine when the users 

search for information. Then the users will spend more time to find the related 

information and document. semantic search engine covers these opposing points of the 

traditional search engine. semantic search engine will interpret the user query and make 

the information machine-understandable. 

 

2.2.1. Search Engine work: 

search engine works in three orders; Web crawling, Indexing, and Searching. The 

search engine's main aims are to retrieve information from the web using crawling—an 

automated web browser that follows all the links [17]. Then the content of the page will 

be indexed and will be analyzed. When the user searches for specific words and enters 

the query, the engine will check the word and index it to the related words and best 

match them. Usually, some texts will be added to describe the keywords that have been 

searched. To be more accurate, most search engines use (AND, OR, and NOT) as 
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Boolean operators. Other search engines use advanced feature during the search, such 

as the keywords, to obtain more accurate and appropriate information and documents. 

Many pages are resulting from the search some pages may be related to the keyword, 

and others perhaps not. So it is essential to rank the result to get better and best results.  

The search engine's utility depends on the suitability of the set of results it gives 

back. The search engine display more than millions of pages that may include relevant 

topics or not appropriate. Most of the research engine uses ranking techniques to 

provide a more accurate result and pages.  

 

2.2.2. Types of search engines 

In any search engine, the search goes through the following classes:  

 

2.2.2.1.  Navigational Search 

In this search category, the user provides the search engine with a phrase or set 

of words. There is no reasonable and straightforward interpretation of these words to 

indicate a concept. Sometimes the users are using the search engine to obtain the 

intended documents.  

 

2.2.2.2.  Research search 

In this class of Search, the user provides the search engine a sentence related to 

an object that the users want to collect information about it. The users try to retrieve 

several documents that provide the information together. This is the semantic search 

concept. 
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2.2.2.3. Boolean Search 

It is known as a logical or Boolean search, a set of terms used in the search engine to 

allow the inclusion and exclusion of documents containing specific words [18]. The 

operators used in this engine are AND, OR, and NOT. For example, for a search engine 

with many words, it is supposed that the AND operator used to search for the whole of 

the terms. If a user searches for "buy a good computer" the search engine will search 

for all the words "buy", "good" and "computer" and these words will be displayed.  

  

2.2.2.4.  Wildcard Search 

Some of the advanced search engines allow wildcard searching. The form of the 

wildcard has used some signs to indicate or give a meaning for some words. For 

example the sign ? is indicated for a question marks [19].  

 

2.2.2.5.  Proximity Search 

Some of the search engines used to find the information in a way not following the 

query. In order to perform the proximity words and the signs (~) used at the end of the 

words or phrase [19].  

  

2.2.2.6.  Fuzzy Search 

Fuzzy Search is a process that stumbles on high-probability web pages. Related to the 

search argument, even if the argument does not fully match the requested information 

[20]. A fuzzy program used in this search engine, which used to returns the result that 

related to the searching words and maybe it is arguments with it [21]. The highly 

matched results will be ordered as a top and the related subjects maybe rating or usually 

using a percentage.  
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 One of the good features in the Fuzzy program is that it can operate as a spelling 

checker or correction, which is the same technique that used in google. For example, if 

the user searches for something like "seemantiec" in a search engine, a result returns 

and asks the user, "Did you mean Semantic?" alternative words given. Optical 

Character Recognition (OCR) is used in Fuzzy programming to deal with spelling 

errors. Fuzzy searching is useful in a foreign language or unorganized and complicated 

terms, where the spelling of the words is unknown. Fuzzy Search can also be used to 

find individuals who rely on missing information or a partially incorrect identity [22].  

 

2.2.2.7. Contextual Search 

Contextual Search attempts to imitate human speech by taking the essence of 

words around a particular search term. In some extent, this concept is close to fuzzy 

searching. This concept is taking the concept as a whole from the web page, not only 

the related words as in Fuzzy Search.  

          

2.3.  Introduction to Semantic Web 

The inventor of the Web, Time Berners-Lee, was the first who projected the 

Semantic Web. A general description has been defined for the Semantic Web as "The 

Semantic Web is an extension of the current web in which information is given well-

defined meaning, better-enabling computers and people to work in cooperation" [23], 

[19]. The Semantic Web is an environment in which human and machine agents 

communicate on a semantic basis. To achieve this, Semantic Web has several layers, 

as mentioned in this thesis.   

The Semantic Web's real power will be realized when people create multiple 

systems that collect content from a variety of sources, process information, and share 
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results with machine agents. There are significant aspects of the Semantic Web that 

need to be explained to understand the Semantic Web definition and term.  

 

2.3.1. Web of data 

The present web consists of interlinked documents using hyperlinks. 

Simultaneously, only people can understand these documents, which cannot be 

processed by computer [19]. Therefore, so the Semantic Web will define these 

documents to make it understandable and readable by a machine, which is the main aim 

of the Semantic Web [17]. The web of data is the real Semantic Web, where the main 

objective is linking the documents from the WWW (world wide web) [19]. 

  

2.3.2. Data modeling and knowledge representation  

Real-world objects are used to represent and model the data to make it 

appropriate for machine and understandable using specific language related to the 

Semantic Web [24]. So, using this kind of language will make machine to understand 

the data in semantic meaning. To model the Semantic Web data using a design is called 

an ontology. 

   

2.3.3. Consensus and shared formats 

Ontology is usually created through consensus among different users. The data 

can be collected and processed from other users once shared consensus is tracked [24]. 

Thus, it is an important task to exchange the data and information between the systems. 

These agreements are generally acceptable, and useful applications can be applied using 

this structured data based on these common formats. Accordingly, the provision of 

common data formats is an additional objective of the Semantic Web. 



  

14 
 

2.4. Semantic Web architecture: 

In this section, the architecture of the Semantic Web will be presented. Recently, 

it has been accepted that the semantic architecture is a hierarchy of languages [25], [26] 

and has been explained by Tim Berners-Lee's the main layers of the Semantic Web 

stacks as shown in Figure 2-1. It is essential to understand the architecture of the 

Semantic Web. This will provide a conceptual model to understand the web service and 

the relationships between the Semantic Web and other components [27]. Mostly there 

are two main points to explain and clarify the Semantic Web architecture is: Firstly, to 

contribute to the development of such languages, or to design new languages, by 

identifying the appropriate features that this language needs. Secondly, to stimulate the 

development of proper infrastructure to support various Semantic Web applications 

[27].                

 

 

 

 

 

 

 

 

Figure 2-1:  Semantic Web Layered Architecture [28] 

Tim Berners-Lee has proposed that the architecture of the SW is divided into five 

layers. These layers are [29]:  

i. The XML Layer: Tim Berners-Lee has described five-layer of SW. The first 

layer is XML, which stands for (eXtensible Markup Language). In this layer, 
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people can organize their documents using their tags, the XML scheme and the 

tags will be defined. 

ii. The RDF Layer: The second layer is the data layer. In this layer, the metadata 

files will be used in order to express the meaning. 

iii. The Ontology Layer: The ontology layer will represent knowledge of the data 

layer. Web Ontology Language OWL is the language of SW.  

iv. The Logic Layer: It is used to extract the information. 

v. The Proof Layer: The last layer of the SW is called the proof layer: this layer is 

used to prove that the information comes from a trusted source.  Models need to 

be constructed not only for the domain knowledge but also to describe the learner 

and possibly other entities like the pedagogical strategy. 

 

2.5.  Semantic Web technologies 

The Semantic Web is a new version of the Web or next generation of the Web following 

standards by World Wide Web Consortium W3C [17]. The Semantic Web will help the 

machine understand the meaning of the information in each file and collaborate 

between the machine and users [17], [30]. To search for a specific type of data in the 

search engine, the Semantic Web will combine three technologies to gather, such as 

Resource Description Framework (RDF), Extensible Markup Language XML and Web 

Ontology Language OWL. The search engine applied those technologies to give more 

meaning of data and understood it [31]. The web data is described as three elements: 

Subject, Predicate, and object> expression. 
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Figure 2-2: Representation of the data semantically 

This means that the machine will give the exact link for each query requested 

through the web [32]. Furthermore, Semantic Web technology will solve searching by 

permitting the search engine to get meaningful information [33], [34]. As Berners -Lee 

remarks [35], Semantic Web linking data on the web not just annotates it but also lets 

users discover more about the data on the web. The Semantic Web will share the 

information over the web sites and application. As the information with the Semantic 

Web is flexible, accessible, and shareable over the web, the Semantic Web is a mesh of 

information linked together in such a way [36], [37].  

The most important part of the Semantic Web is the ontology. Additionally, RDF 

Schema (RDFS) and OWL are used to represent the data in Ontology, and W3C 

recommends it, and the RDF is based on XML language [38], [36]. The data will be 

classified as classes that are groups of things with the most important characteristics, 

properties or (attribute), and the relation between the classes' members. The data will 

be structured and defined by the ontology according to the content, context, and 

structure. So the user can search for material using the semantic query. As an important 

of the Semantic Web, many systems have been based on the Semantic Web, such as the 

e-learning system to make the system more interactive and responsive [28]. The 

Semantic Web information is expressed in a very accurate way and is linked with each 

other as a mesh. Besides, Semantic Web technology provides the exact information to 

PERSON STAFF 

PERSON STUDEN

T 
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the users because it will understand the user and fulfill his information [38]. Last and 

not least, the Semantic Web is not separated from the web but it is an updated version 

of the web that expresses the information in an intelligent way. 

 

2.5.1. RDF 

In 1998, the Resource Description Framework was delivered byW3C to model the data 

and the main language to make the documents readable semantically by machine. Later 

on, in 2004, when RDF followed the W3C design of extensibility, decentralization, 

extensibility, and interpretability, it was standardized by W3C. Accurately, in order to 

achieve the modeling data, semantic of data, and verification of inference [39].  

 To represent the relationships and the information of the web resources, RDF is 

used as a language, where the values and attributes will be identified uniquely. The 

resources of the real world are modeled as a collection of a specific resource by URIs. 

Properties and property values will describe the resources defined by URIs. The 

statement of RDF is a linguistic sentence which contains three main part of the subject 

of the sentence (describe resources), Predicate (Property name) and an Object (the value 

of the property) [19], [40].        

 Additionally, it can be described as a node in a graphical form, or as triple form 

as well. RDF is based on XML syntax; Also RDF has many formats known as RDF 

series such as Turtle, JSON-LD, N3/Notation, and RDF/XML. RDF can translate the 

information for the graph because it can process and read the file, and it is machine-

readable. The information can be retrieved from the server because URIs used with the 

file. So, the relations between the resources can be found easily because each RDF 

property has specific URIs [41]. 
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 The RDF subjects indicate node or URIs, and RDF subjects indicate as resources 

[19]. The blank nodes will be given to the resources as an anonymous resource because 

it cannot be recognized directly by the RDF statement. As mentioned in the previous 

paragraph, the RDF contains three parts; the predicate part will represent the relation 

between the subject and resources. In 2014, IRI used it to identify the resources [19].       

The resource of the SW can be indicated by URIs, which refer to the real web 

data. Resources of the Semantic Web apps are liable to be denoted by URIs that indicate 

the actual Web data. However, the link that will be indicated by URI cannot be ignored 

or it may be referred to anything or it may not be retrieval on the web. For example, a 

link or URI with "https:" does not mean that this link is reachable by HTTP. Generally, 

there is a consensus that the link (URI) without # should be referred to an Internet 

resource that can be accessed [42].      

In this section, an example will be represented for a person that was taken from 

W3C website this resource describes it with statements "there is a Person identified by 

http://WWW.w3.org/People/EM/contact#me, whose name is Eric Miller, whose email 

address is em@w3.org, and whose title is Dr." the example is represented in Figure 2-

3 as an RDF graph.  

   

 

 

 

 

 

Figure 2-3: RDF Graph describing a person 
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It is clear that RDF uses URI to identify: 

● individuals, e.g., Eric Miller, identified by 

http://WWW.w3.org/People/EM/contact#me  

● kinds of things, e.g., Person, identified by 

http://WWW.w3.org/2000/10/swap/pim/contact#Person  

● properties of those things, e.g., mailbox, identified by 

http://WWW.w3.org/2000/10/swap/pim/contact#mailbox  

● Values of those properties, e.g. mailto:em@w3.org as the value of the mailbox 

property.  

 

The below code described the above example as RDF/XML format:  

 

 

 

 

 

 

In the same time, it can be written as standards N-Triples format:  
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Or, as Turtle 

 

 

 

 

 

 

The properties in the RDF can be reached through HTTP where these properties are 

vocabulary related to subject RDF and object RDF as well. Most of the linked data 

nowadays include the followings: 

● Friend of Friend (FOAF): It is an ontology used to describe people's 

relationships and their activities.  

● RDF Data Cube vocabulary: It is used to publish the data in multi-dimensional 

on the web. This data can be linked to related data using the W3C RDF standard. 

● Dublin Core Metadata Initiative (DCMI) Metadata Terms: The metadata's 

relation will be described generally.  
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● The vocabulary of Interlinked Datasets (VoID): The metadata will be described 

and expressed about RDF datasets. 

● RDF Schema (RDFS): The classes with their properties will be described; 

RDFS is an extension of RDF.  

● Web Ontology Language (OWL): Complex knowledge will be represented. 

This representation will be about the relation between the things and the group 

of things [43]. 

 

2.5.2. RDFS 

As RDF is limited to carry a description for the vocabulary utilized in the triples, the 

provision of a model to express simple statements about resources and their properties 

is demanding which necessitates a language to describe certain types of resources and 

properties employed for describing those resources that has led to RDFS and which 

provides not classes and properties for an application but abilities to identify them. 

Furthermore, facilities used to state which classes and properties are probably to be 

operated together are granted.  

RDFS is expressed via certain groups of pre-established RDF strategies with 

their specific distinct semantics, similar to RDF vocabulary in format [44]. Thus, the 

RDFS descriptions are real RDF graphs and can be managed by RDF parsers [41]. 

There are basic foundations for portraying other vocabularies in RDFS, like 

rdfs:label, a widely utilized predicate employed to state a resource title legible for 

human beings, rdf:type, operated to state the example given in class member, and 

finally, rdfs:subClassOf  which determines the taxonomy of class [19]. 
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2.5.3. OWL 

It is an ontology language used to process the information rather than provide the 

information to humans [45]. The classes and properties in the web documents will be 

defined using OWL language, and the meaning of the resources will be clearly 

indicated. Most of the authors agreed that OWL is the ontology language.  

 OWL is a Semantic Web and an information representation language designed 

to show a good and complex information about objects, object groups, and relationships 

between objects. Since OWL is a language based on arithmetic logic, the information 

it contains can be processed by machines. OWL has three versions; OWL-full, OWL-

DL, and OWL Full. The OWL fully supports a full expressiveness while OWL Lite 

supports less than OWL full.  

 To define classes and properties, catalogs will be provided by OWL. additionally, 

a new class will be described and the relationship between equality and inequality. The 

owl:sameAs is the most common term in the ontology which links the concepts between 

each other [46].  

 

2.5.4. Triple store 

It is known as the RDF store which is used to manage the database system (DBMS). 

The data will be stored and managed using this system. Using API, endpoints, or RDF 

query of the system will make the accessible and retrievable. <Subject>, <predicate> 

and <object> are the triple stores, which are the Quad stores. In order to defined as 

Quad stores the <context> tag will be added to form as <subject>, <predicate> <object> 

<context> [48].        
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2.5.5. SPARQL 

SPARQL5 is a query language used in the Semantic Web which extracts the data of 

RDF from the triple store (subject, predicate, and object). It was accepted as one of the 

main tools of the Semantic Web by DAWG6 of the W3C. There are two versions of 

SPARQL. The first one is SPARQL 1.0 recommended by W3C in 2008, and the second 

one is SPARQL 1.1 in 2013 [49], [19]. The local and remote data will be queried using 

SPARQL. Moreover, the data inside the triplestores and database are comprehensively 

supported by SPARQL query. The outcome of the query will be set are graph such as 

RDF graph [50].  

Example 3: a query has been implemented for a DBpedia dataset:   

 

 

 

 

 

 

 

 

As shown in the last example, URIs are used to identify as a keyword (PREFIX), in 

order to make the query a high-level language. When the query resolves the repository 

will be identified that containing the RDF graph and the keyword (FROM) is optional. 

As shown in the above example, the query may have a variable and that variable 

identified in the SELECT keyword as (?var) where this variable used to connect 

between values [19].   

 
5 https://WWW.w3.org/TR/rdf-sparql-query/ 
6  Working Group of Data Access for RDF https://WWW.w3.org/2004/Talks/0301-rdf-dawg/ 

https://www.w3.org/TR/rdf-sparql-query/
https://www.w3.org/2004/Talks/0301-rdf-dawg/
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As mentioned that the result of the SPARQL query will send it as an RDF graph. 

For example, the result of the last example will generate some of the graphs as a result 

of the last SPARQL query:  

(DBpedia:Iraq, rdf:type, dbpedia-owl:Country)  

(dbpedia:Iraq, rdf:type, dbpedia-owl:Place)  

(dbpedia:Iraq, rdf:type, dbpedia-owl:PopulatedPlace)  

(dbpedia:Iraq, rdf:type, dbpedia-owl:Location)  

(dbpedia:Iraq, rdf:type, dbpedia-owl:MusicalArtist)  

The below table shows the result of the variable (?var) is SPARQL query as a URIs: 

Table 2-1: The URIs of the SPARQL query 

  

2.6.  Semantic Web tools 

In this section, the most significant tools have been detailed. These tools are used to 

build an SW and many of them are available for free. According to Kurian M. in [31] 

(2013), SW tool has been classified into three groups. Firstly, Ontology Editors which 

are used to model the data of SW application. The features of the commercial ontology 

editors are limited. Ghaleb F. in [51] use Protégé to create and edit the ontologies. 

Secondly, in order to generalize the Interface mechanism, Reasoner will be used in SW. 
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The Reasoner has been classified in [52] according to the development period. DLP, 

FaCT, Pellet, MSPASS, CEL, Cerebra Engine, KAON2, QuOnto, HermiT an RACER, 

are some commercial Reasoners are available for free. Finally, APIs and Plugin used to 

install the SW environment. In [53] Jena APIs and Protégé the most popular tools used 

to develop SW applications. In Jena API and rap API used for automatic conversation 

in the system. 

2.7. Ontology 

2.7.1. Introduction 

The ontology, a short answer has been defined by Gruber in 1993 that the ontology is 

a specification of a conceptualization [19]. Besides, it is a group of different entities. 

The conceptualization denotes the data models of the objects, concepts, and entities that 

are in the interested domain and the connections that grasp among them. The concept 

of conceptualization defined by Gruber is, in fact, extensional as it relies on the objects' 

situation in the real world. The description of ontology has been sophisticated by Nicola 

by highlighting the conceptualization intension which describes ontologies as they are 

only approximate specifications of conceptualizations [54]. 

 

 

 

 

 

 

 

Figure 2-4: A part of the animal ontology 
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The description of animal ontology is shown in Figure 2-4. The domain of this 

ontology is the animal, a panda is a class while the properties of the ontology are 

(habilitation, protection, epidemic, and eating). The sub-property of the protection is 

the punishment. While the instances are (Tibet, Killing, Prison, Fever, and bamboo).   

According to the below equation, the ontology defined as 

𝑂 =  { 𝐶, 𝑅, 𝐴𝑜}                                                                           (1.1) 

Where:  

1. C is a set whose elements are called concepts. 

2. C x C is a set whose elements are called relations (R). For r= (c1, c2) € R. 

3. 𝐴𝑜 is a set of axioms 𝑂. 

When the information shared in a domain ontology defines a common vocabulary. It 

includes comprehensively understood definitions of the basic concepts in the field and 

their relationships [8]. There are some important points to develop ontology:  

● In order to reuse the knowledge of the domain 

● To share common understanding of the structure of information among people 

or software agents 

● To make the domain explicitly and clearly. 

● Analyzing domain knowledge 

● To separate operational knowledge and domain knowledge from each other 

   

2.7.2. Ontologies in E-learning 

The term of the ontology has been defined in a different way and it depends on the 

aspect that will use it as well. it was defined as a philosophy term and it means 

systematic explanation [55]. The most common definition is a description of the classes 

and the relationships between the individuals of these classes [56]. Also, ontology 
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describes and explains everything that exists in the system and their relationships, it is 

the main and important services of the Semantic Web [34]. Using ontology, the 

information and the data in the Semantic Web will be understandable by computer [57]. 

Most science or field can use ontology in order to exchange and communicate between 

the information with different systems. So, it has been used commonly in E-learning 

management system.  

The main reason to use the ontological approach in ELMS, because it is used to 

organize all the content of the system and relationships between all of these contents 

no matter the size of the content [4], [58]. This ensures uniformity, consistency and 

scientific nature in the structuring of data and sources. According to [59], two meanings 

in Artificial Intelligence fields. Firstly; in each domain or subject, there are specific 

vocabularies represented for each. Secondly, ontology used to explain and describe any 

systems. Ontology helps the machine to make an intelligent decision because it 

provides certain knowledge. According to [60], ontology has been classified into four 

types: meta-ontology, communication, index, and content. Some researchers and 

authors divided the ontology into different types depending on their system. Ontology 

has some components: class (concept), subclass, properties, and individuals. The 

structure of the ontology contains some terms [59], [57], [58]: 

A. XML provides the syntax of the documents, and it is not an obligation to use 

semantic constraints. 

B. XML Language Schema limits the structure of an XML document. 

C. Resource Description Framework (RDF) is used to model the data and interchange 

on the web. The data will be represented semantically.  

D. RDF schema is used to describe or explain the properties and classes of the RDF. 

E. Ontology Web Language (OWL) is the main language used in the ontology that is 

recommended from ontology developer.  
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Ontology represents a set of classes, properties, and the relationship between the 

subclasses or members of the class. The relation in ontology is classified into two terms, 

the first one is known as a binary or slot which is the relation between two members or 

terms. The second type is called a function which is the relationship between more than 

two terms [61]. As mentioned in [62] the applications of the ontology used in some 

fields are Educational Ontologies, Language Processing, and Tagging resources. In this 

paper, the focus will be on educational ontology because our system is an E-learning 

Management System (ELMS).  

Generally, there are four types of ontologies in E-learning: Domain ontology, 

Task Ontology, Domain-Task Ontology, and Application Ontology. The first type is 

used in multi-field of science such as (Medical, History, Law, Sport, Biology, etc.,); 

and the main features of this type do not depend on application or task and the concepts 

or activities are represented by some vocabulary in each domain (specific domain). The 

second type is used in any domain and it is more general than using task or activity. 

The third one is used in a specific domain and it is integrated between the first and 

second ontology. Finally, is used for a specific application and the vocabulary is related 

to that application and more dependable type [60]. 

The hierarchical contents structure has the potential to display the entire 

educational contents, the available sequence of learning, and the structure of the 

educational concepts, such as learning contents-related super- or sub-concepts. 

Moreover, important and valuable information can be provided by some of the semantic 

relationships among the educational contents, such as 'equivalent', 'inverse', 'similar', 

'aggregate' and 'classified' for the intelligent e-learning system. Therefore, the 

researchers introduce an ontology which has a vital role in representing, processing, 

sharing and reusing knowledge among web-based applications in modern e-learning 
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systems as it specifies the conceptualization of a specific domain regarding concepts, 

attributes, and relationships. 

 

2.8.  Semantic Web and E-learning 

SW is a new generation of the web knows as web 3.0. It is used in many web 

applications in order to share and reuse the information in a more appropriate way in 

the system. The main reason for using SW is that the information on the web can be 

easily shared and understandable by the machine. This means that the machine will give 

the exact link for each query requested through the web [63]. The problem of ELSs 

without semantic is learning resources not organized well. It is important that the 

current E-learning model should take benefits of SW services such as annotation, 

ontologies, and interoperability. To make the ELS more interact and efficient SW has 

been used in ELS [51], [64]. SW is an appropriate technology to be used in E-learning. 

ELS with applying Ontology which is one of the semantic technology, will help the 

learner to find the information and data more easily and useful [63]. SW will provide 

the system with an intelligent search engine in order to filter the information and 

selecting the learning resources for the learner from the complex structure of knowledge 

[51], [65]. Zuyi Chen et al. in [66] mentioned that using SW application in ELS will 

help the student to share and reuse the knowledge, this will lead to encouraging the 

learner to use the system.  

 

2.9. Flask for Web Development: 

Flask is known as a micro framework because it is a very small framework [67]. But 

the small or micro does not mean that it is lower than other frameworks. It is allowed 

to add more plug-ins so the feature and the functionality can be expanded into a new 

level [68] and using this framework will save time to build the web applications. So, in 
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order to develop and get an efficient way to develop any web portal it is important to 

use efficient tools that satisfy the requirements of the web [69]. To develop the structure 

of the web a proper technology has been choosing in this work which is "Python" and 

"Flask". Where both of these technologies are open-source language. So the users can 

access the source code to use and modify it from the original design. Open source is a 

cooperation effort from developers, where the user can develop and improve any codes 

and share the change.    

Werkzeug WSGI toolkit and Jinja template engine are used in Flask. Static files 

and template files are the main two parts of the Flask structure. All the Jinja templates 

are included in template file which includes HTML pages, where all the static code that 

needed it for a website like CSS code, and JavaScript are in the static file [68, 69]. There 

is no form validation and database abstraction or any other components in Flask. There 

are some extensions supported by flask such as form validation, object-relational 

mapper, and upload handling and others [71]. There are some important features of 

Flask are: Uses Jinja template, support for secure cookies, compatibility, restful request 

dispatching, Unicode based, and Integrated supports for unit testing.  

  

2.10. Owlready: 

The ontology is widely used in E-learning domain. As many tools have been used to 

modifying and editing the ontology, the solutions that have been proposed, in order to 

access and modify the ontology using programing language were not enough and 

suitable [72]. In this thesis an Owlready version 2 used, which has the optimization of 

triple and quad store, which is relaying on SQLite3. These stores are optimized for 

efficiency as well as the consumption of the memory [73].       

SPARQL query and OWLAPI, which are used to query the ontology, are not 

easy to be used as an object programming language. Owlready package used for the 
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ontology-oriented program. Owlready used in Python and load OWL 2.0 ontology is 

an object, it is able to modify and save the ontology, and is able to access the entities 

and individuals of the ontology OWL [72, 71]. The ontology will be saved as an object 

in Python. As the module has been designed in [72], the entities such as classes and 

individuals will be accessible of an OWL ontology as they have been saved as an object 

in Python as a programming language.  

 The main architecture of the Owlready shows in figure 2-5. It includes five main 

components which are: (1) implementation of the quad store in SQLite 3 and then store 

it. (2) the metaclasses for OWL classes and constructs, (3) optional ontology-specific 

Python source files, defining methods to insert into OWL classes, (4) Reasoner for 

OWL such as HermiT for automatic classification [74], (5) From the RDFlib the 

SPARQL engine will be specified. 

 

 

 

 

 

 

 

 

 

 

Figure 2-5: Owlready architecture 
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Owlready is responsible for uploading ontologies in the quad store, the entities will be 

loaded dynamically and wrapping them into Python objects, the related file to the 

ontology will be imported into Python as well. Owl-ready introduces a unified interface 

to the programmer, blending statements of OWL (properties, class hierarchy, people) 

with statements of Python (methods) [72]. Additionally, Owlready is able to express all 

the entities of the OWL 2.0 structure, such as "classes, individuals, object properties, 

data properties, disjoint" and so on.  

  

2.11. NLTK for NLP  

The Natural Language Toolkit (NLTK)consists of a set of program modules, datasets, 

tutorials, and exercises that deals with the symbolic and statistical processing of natural 

languages [75]. NLTK is an open-source and free of charge that can be used in any 

system such as Windows, Mac OS, and Linux. It provides easy-to-use interfaces to over 

50 corpora and lexical resources such as "WordNet, along with a suite of text 

processing libraries for classification, tokenization, stemming, tagging, parsing, and 

semantic reasoning". In addition to that, it can be used in many fields of science. The 

design of the NLTK has three applications such as assignments, project, and 

demonstrations [76].  

NLTK is a group of modules that minimized and interconnected with each other 

and organized in hierarchical form. The types of data used in the toolkit are defined by 

a group of the modules. The task modules are responsible for the processing the task of 

the individuals of the natural language such as nltk.parser module which is responsible 

for parsing task, and the module that responsible for tokenizing is nltk.tokenizer [76].  

The package of the NLTK is available and it can be installed from the nltk.sf.net. 

It contains four packages to install it which are: Source code for Python (nltk); (nltk-

http://nltk.org/nltk_data/
http://nltk.org/nltk_data/
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data) for corpora; (nltk-docs) for documentation; and the contribution part (nltk-

contribs). Additionally, the user should install Python before installing NLTK [76, 75].     
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Chapter Three: 

3. Literature review 

 

3.1.  Introduction 

Many web applications are represented as Electronic-Learning Management Systems 

(ELMS), such as Moodle, e-Front, etc. These applications are used for remote 

educational courses. The educational resources will be available for users, which can 

be accessed through the web anytime and anywhere. Thus, using ELMS will make the 

information available for the learners through the web. 

WWW, known as web 2.0, is used to create many sites such as blogs, wikis, and 

web applications. In addition to these, web 2.0 is used in many E-learning Systems 

(ELSs). However, due to the limitations of web 2.0 nowadays, web 3.0 is used in 

ELMS. The term Semantic Web (SW) was coined by Tim Berners-Lee, the inventor of 

the WWW and director of the WWW Consortium ("W3C"), who oversaw the 

development of proposed Semantic Web (SW) standards. The SW promised to enable 

a new generation of intelligent applications by providing programs and software agents 

with rich and influential ways to share information and knowledge.  Hence, using SW 

in e-learning will make the information understandable by machines, and the 

communication between human and machine agents will be based semantically. One 

of the primary purposes of using SW is to create ELMSs that provide a relationship 

between user information and the ELS-content. Consequently, the next generation of 

ELS will be based on SW.  

This section represents an overview of the SW technologies Resource 

Description Framework (RDF), and Ontology Web Language (OWL) applied to 

ELMSs. A general comparison between traditional ELMSs and Sematic-ELMSs (S-
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ELMSs) is made. A detailed comparison among different previous researches about S-

ELMSs is addressed to extract and conclude the significant features. The dependent 

concepts of comparison include; ELMS elements, SW technologies, Framework 

contents, and SW applications.  

E-learning is considered one of the most significant points at universities around 

the world wide. That is, due to the fact that information will be available for students 

online, such as lectures, assignments, results, timetables, etc. E-learning is used to help 

the students access the material and subjects anytime and anywhere. Besides, the 

contents of ELS will be updated automatically, unlike traditional methods. The learner 

can access the material and learning resources anytime and anywhere [53]. However, 

internet service must be in a high quality to access the materials; otherwise, it will be 

difficult to access the system, and the student feels isolated from the lecturer [78]. Fayed 

Ghaleb et al. [51] have mentioned another advantage of e-learning. For example, the 

student can access educational materials any time and fast. E-learning researchers 

represent a broad spectrum of applications used to change the virtual classrooms to 

remote courses [53].  

A lot of information is available on the web, such as e-books, conference papers, 

scientific journals, and programs. Thus, the web is a good resource for the students to 

get their information. However, the web's information is not recognized in a good 

structure and the information is not understandable by the machine. To overcome the 

problem as mentioned above, the Semantic Web has been generated. As mentioned in 

[51], SW needs is that the information can be reused, shared, and understood by 

machines. Ultimately, SW is about how to implement reliable, large-scale 

interoperation of Web services, make such services computer interpretable, i.e., create 

a Web of machine-understandable and interoperable services that intelligent agents can 

discover, execute, and compose automatically [79]. The SW has been created by Tim 
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Berners-Lee in order to make communication between people and machines more 

understandable [80]. In contrast to the current web, it can be described as a repository 

of pictures and text. Based on Ontology and some interface rules, everything on the 

web will be well defined and understandable. This will help the agents to serve their 

users in a more sophisticated way [80]. Also, the most crucial block in the SW is the 

ontology.  

In order to reuse the E-learning resources, it is imperative to organize the 

resources. The ELS must cover the requirements of the learners'. The main reason 

behind the emergence of the SW is that the information in the Semantic Web can be 

understood easily by machine [28]. Furthermore, the SW can be used to implement the 

ELS. 

3.2.  E-learning Frameworks 

In the last few years, many researchers proposed ELS based on SW technology. Many 

authors [46], [80], [81] mentioned that SW is an important technology used in ELS to 

solve many problems, starting from the representation of the learner’s knowledge areas, 

the assessment of knowledge levels to the knowledge domain representation to develop 

an efficient association between the learner’s needs and the adequate learning 

resources. M. Samsuzzaman et al., in [53] ELS, proposed, based on SW, that 

technologies such as RDF, Owl, and XML are appropriate for learning institutions 

where the system includes course document, learning activities, teaching methods, and 

learning styles. There are three users in the proposed model: administration, Instructor, 

and learner, the connection between the resources by Ontology-based Contextual 

Knowledge (OWL). The system added ontology knowledge  
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Figure 2: Proposed E-learning system based on Semantic Web [53] 

into learning resources because the resources may be searched by means of queries. 

The learning resources have been described by means of metadata. M.Samsuzzaman  et 

al. [53] concluded that the system's contents had been arranged hierarchically, and the 

relation between the content is semantic. Therefore, this will help the student to find 

and search for information and learn resources in the e-learning system.  

Ghaleb et al. in [51] presented ELS, in a new approach, based on the SW where 

RDF and OWL were used to develop the ontology. RDF is used for data modeling, 

while OWL is used as an ontology language. The proposed model presented two types 

of contents; learning content and assessment content. Each content provides its own 

services such as; course document, registration, online course, notifications 

(announcement), interactive tutorial, useful links, the student paper, and semantic 
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search. The assessment content is to evaluate student knowledge (exercises and 

quizzes). The system allows the lecturer to create and manage his/her course. 

On the other hand, the metadata consists of the framing description of each 

learning object of a subject, i.e., the modularized content, which is linked to the 

ontology concept.  RAP API has been used in this system in order to convert the 

information to a set of RDF statements. The system's scenario is: the student will search 

for an online course, then the result will satisfy the query. Otherwise, the student may 

find other courses that are interesting and can register for the course. Also, the students 

and instructors were the main agents in this system. The classes and properties have 

been created using protégé 2000. 

To conclude, the presented system of e-learning uses SW technology with 

different services and tools as well. Meta-data is used to show the model easily. Also, 

users can search and quickly figure out the required documents and other various 

services. However, some technologies were used to implement the system, such as 

PHP, MYSQL database, and RAP toolkit. The structure of the system was 

hierarchically organized, while the relation between the content was semantically 

organized. Therefore, it facilitates the process of searching for resources in the E-

learning system.  

Walia A. et al. [78] [2] have designed a novel approach for ELS in which they 

applied SW to make it more meaningful. The system added human conceptual 

representation and reasoning mechanisms to learn depending on the learner's profile, 

knowledge, and experience. The information and data on the web are structured upon 

the human mind, where SW is used to create a structure that can be understandable by 

machine, and the information will be easily retrieved from the web. The proposed 

model represents the ELS using SW, where the human mind's cognitive behavior and 

how a learner understands, processes, and interprets the information with semantic 
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similarity and concept combination. In this system, the semantic similarity and concept 

combination have been increased because a new XML language called CSML has been 

used for learning and knowledge representation.   

Mukhlason A. et al. [82] investigated the emergence of SW and Knowledge 

Management to improve ELMS. In this system, an ontology approach has been used to 

develop the Semi-Automatic Ontological Knowledge base Construction System 

(SAOKCS) and Automated Question Answering System (AQUAS). The proposed 

system has been implemented using Moodle, which is an open-source learning 

management system. The system consists of three frameworks. The first framework is 

the Ontological approach for Learning Object (LO) management by developing 

"(Semi-) Automatic Ontological Knowledge Base Construction System". The second 

framework is the Ontological approach for knowledge reusing and LO retrieval by 

creating an "Automated question answering system". The final framework is the 

"Expertise Finding and Mapping Locator" framework to encourage knowledge sharing 

in the e-learning environment.  

Hiekata et al. [83] have designed an educational framework using ShareFast. 

This is an open-source application for document management based on workflow, and 

the workflow used RDF metadata on Jane framework. The most crucial point is that the 

system depended on SW technologies. The workflow is arranged hierarchically, and 

the user creates workflows using an editor, and the documents are related to each task 

in the workflow. Additionally, the workflows will be uploaded to a server in RDF 

format like XML with their metadata. Once it is developed, ShareFast will be used in 

different aspects, such as management of knowledge, supporting the system's design, 

and sharing information. Due to its functionalities and activities of the system, it can 

facilitate ELS. The framework consists of five sections. These sections are Lecture, 

Student, ShareFast system, IT infrastructure, and design software. The students will 
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follow the lecturer's workflow, which will help the student learn and understand each 

task in the system. In the ShareFast system the students can interact with the lecturer 

through the message board to discuss any related subject about the process. The log file 

will help the lecturer track student behaviors and activities learning. The log file 

contains all the information about student activities and time that student log into the 

system. After analyzing the log file, lecturers can understand student behaviors and 

modify learning content for the next lecture. This system has been applied as an e-

learning framework. Hiekata concluded that the result of the questionnaire shows that 

learning design through computer software is more comfortable. Additionally, 

analyzing the result of the first group, modifying it, and then presenting it to the next 

group will improve learning quality. 

Shrivastava G. et al. [63] proposed a new framework for previous ELS based on 

SW. The proposed system supports several services: registration, online resources, 

student papers, search, and assessment services; this will evaluate the student 

knowledge. The system consists of five agents. According to the study conducted by 

Dawn G. in [84] research, the most useful agent in the E-learning environment. The 

system has only two users; Instructor and learner. Shrivastava G. in [63] concluded that 

this model's main aim is to apply SW on ELS and apply e-learning agents that make 

the system easier for Instructors and learners to find the information.  

Table (3.1) provides an overview of the different systems of e-learning based on 

SW that have been reviewed in this paper. As shown in the table, the most important 

technology has been used in SW is RDF and OWL, where two systems used open-

source applications based on SW technology and other systems used web language such 

as HTML, XML, PHP, MySQL, and CSS emerged with SW technology (RDF, OWL). 

As shown in the table, most systems [51], [53], [83] use a semantic search as a search 

engine, which is used to find the information that is related to the learner queries and is 
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interesting. Most of the system used HTML as the primary web language to design the 

interface of the system. The primary language used in OWL to develop the Ontology 

of the system. Besides, the Protégé editor is used to create the classes and properties of 

the ELS.    

Table 3-1: Overview of E-learning System 

Author(s) Proposed 

elements for e-

learning 

SW or 

Technologie

s 

Subsections (Framework Contents) API  and 

Toolkit 

User 

Interface 

M.Samsuzz

aman  et al. 

(2012) 

1-Learners,  

2-Instructors  

3-Administrator 

RDF, OWL, 

and XML 

1. Registration and Conformation 

2.  Course document distribution 

3. Annotation 

4. Assessment 

5.  Useful Links and Tutorials 

6. Help& Discussion 

-Jena API 

-Rap API  

HTML 

Fayed 

Ghaleb et 

al. (2006) 

1-Instructor 

2-Student 

RDF, OWL, 

and XML 

1- course registration, 

2- 2- uploading course documents and 

student assignments, interactive 

tutorial, 

3- announcements,  

4- useful links, assessment, 

5- Simple semantic search. 

-RAP 

(RDF API 

for PHP).4 

- Protégé 

2000 editor  

HTML 

Walia A. et 

al. (2015) 

Learner - conceptual 

space 

Markup 

language 

(CSML). 

 

------------------------ -------- HTML 

Mukhlason 

A. et al. 

(2009) 

1-Learner  

2-Instructor 

Moodle 

LMS 

1- Ontological approach for Learning 

Object  

2- Automated question answering 

system 

3- Expertise Finding and Mapping 

Locator 

Open 

source 

system 

called 

Moodle. 
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Hiekata K 

et al. (2007) 

---- ShareFast 

web 

application 

1- Student 

2-Lecturer 

3-ShareFast system 

4-IT infrastructure 

5-Design software 

Open 

source web 

application 

based on 

the 

Semantic 

Web called 

ShareFast 

------- 

Shrivastave 

G. et al 

(2012) 

1-Instructor 

2-Learner 

RDF, OWL 1-Instructors Agent 

2-Learner Agent 

3-Resource Location Agent 

4-Personalization Agent 

5-Learner Centered Agent 

6-Collaboration Agent 

-------- HTML 

 

Computer-Based Training (CBT) is referred to as e-learning because it depends 

on self-learning. E-learning means that the resources and learning materials are 

available via electronic technology, where e-learning is not like CBT. Moreover, using 

technology in ELS will provide easy access to the educational resources anytime and 

anywhere via a repository of the system [51], [64]. E-learning can be used in different 

organizations such as academics, companies, and research institutions; the information 

will be updated and relevant in the organization. The main goal of e-learning is to 

change the old style of teaching into the typical model. These models of e-learning are 

much efficient and easy when compared with the old model [63]. The content in ELS 

can reuse it, and the information will be changed as per the prior knowledge and 

understanding level of the user [63], [84].  

According to [28], [63], [84], ELS should provide the following features to the user: 

i. Active Learning: To use the system more efficiently, the resources of the system 

must be interactive, responsive, and engaging.  
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ii. Personalized: To obtain user customization, the system must be flexible enough 

to meet the user profile.  

iii. Delivery plan: The system should help the lecture to collect the information and 

planning also, how the data should be presented in the system.  

iv. Resource Location: There are thousands of resources available on the web. So 

the system should be able to locate resources on the web to be more efficient and 

easily updated.   

The researchers [51], [53], [82] proposed that the e-learning environment 

consists of three primary users; instructor, learner, and administrator. According to [84] 

ELS consists of six agents such as Instruction, Lesson Planning, Resources Location, 

Personalization, Learner-Centered, and Collaboration Agents. Applying semantic 

technology on ELS will be more appropriate and comfortable to share information and 

learning resources. There are some advantages of ELS mentioned by Pandit V. [64]. 

First, the learner can obtain the information in a customized way, and it is available for 

all users. Second, the information and the learning resources are available 24/7, where 

the users can access it anytime and anywhere. Third, ELS is enabled on the web, and 

everyone on the web can obtain the learning materials and get benefits from the system's 

universality. Finally, ELS is very flexible and scalable. The learner can get the materials 

with little cost and effort 

The researchers [51], [53], [82] proposed that the e-learning environment 

consists of three primary users ; instructor, learner, and administrator. According to 

[84] ELS consists of six agents such as Instruction, Lesson Planning, Resources 

Location, Personalization, Learner-Centered, and Collaboration Agents. Applying 

semantic technology on ELS will be more appropriate and comfortable to share 

information and learning resources. 
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3.3.  Educational ontologies  

Despite the fact, the field of ontology in the educational system is young and is 

broad, and a bit complicated [85]. To facilitate the educational process and search for 

specific and accurate information, the domain needs to be structured. So, this point 

encourages most of the researchers to think about building an educational ontology. 

However, the e-learning designers and developers still facing semantic problems to 

make even a simple ontology. Recently the results in [86] presented that the knowledge 

of engineering helps to tackle the issues. This section presents an overview of 

educational ontologies:  

3.3.1. The O4E Ontology 

In this project two types of ontologies used: a domain ontology and structural ontology, 

whereas each one using a specific kind of knowledge. The first one is uses the subject 

domain, and the second one uses for structure [85]. In the domain ontology, the 

elements' basic concepts will be represented, and the different kinds of relations 

between these concepts of the domain will be considered [87], [88]. In the second type, 

the system's content will be defined logically, and the content is represented 

hierarchically [87]. It is also important to use domain ontology as a technique to share 

the information of a domain. But the structure of ontology implements a disciplined 

approach to authoring, which is especially important in collaborative and distributed 

authoring. The O4E Portal is aimed to serve as a single web access point, where relevant 

research publications and projects and successful practices are classified and annotated. 

According to Parsimony Law, it is important to take into account when building an 

ontology that will be used to visualize the information to pay attention to clarity and 

minimize the number of displayed concepts [89], [85].  
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figure 3-1 shows the result of developing O4E domain ontology. In O4E 

ontology, the field will be divided, considering the ontology's role in research. As 

mentioned in [85], the study focus on the practical or theoretical part if the ontology is 

regarded as an object. The second important point of this ontology has the web portal. 

This portal is used as a point of access to the related information as well. The website 

will visualize all the nodes and linked to all resources on the web that found.           

 

 

Figure 3-1: State-of-the-Art Ontology of Ontological Technologies for Education 

[85] 
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3.3.2. OntoEdu: 

OntoEdu is one of the educational platforms used in the e-learning system, and it is 

more flexible as well. OntoEdu platform includes five components: user adaptation, 

service module, auto-composition, education ontology, and content module [90], [59]. 

The OntoEdu uses two ontologies: activity ontology and content ontology. The 

ontology in this platform is used to describe the relationship between the concepts of 

the education platform. Most of the components and contents will be organized in 

Educational ontology, the most crucial module in OntoEdu. The main benefit of using 

ontology in OntoEdu is to save knowledge according to the user's requests [59]. 

As shown in Figure 3-2, the five main components will be described below [90], 

[59]: 

1- User Adaptation: This layer is responsible for adapting the information that will 

be sent by users. It has three functions: user requests, device adaptation, and 

preference adaptation.  

2- Auto Composition: In this layer, the task will be distributed according to the 

user's requests. It has two contents: Description and Composer system. 

According to the user's request, the function description will be created by the 

system description. But in OntoEdu, it will be created by the reasoning of 

OntoEdu ontology. Then the function description will be implemented and 

published by the system composer. 
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Figure 3-2: OntoEdu Layers [90] 

3- Education Ontology: Activity Ontology (AO) and Material Ontology (MO) are 

the most significant parts of the OntoEdu, which are included in Education 

Ontology. AO is responsible for the operations and activities on education 

ontology. Additionally, it consists of three levels which are: Metadata, 

conception, and implementation levels. MO is responsible for describing the 

educational contents, and it also comprises three levels: Conception, Metadata, 

and atomic materials levels. 

4- Service Model: This model is responsible for achieving a dynamic model for 

distributed learning.  

5- Content Model: This Model is the same as the service model, but it is responsible 

for service with content.  

So, it is essential to use ontology in e-learning to facilitate the system's need and use to 

share and reuse the information. There are three levels of ontology related to e-learning 

content [91].  

A. Content Ontology: In this level, the content material and the domain concepts 

will be described. The relationships between the concepts and properties will 

be included in this ontology.       
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B. Context Ontology: This ontology is used to describe the context of the learning 

material. In which the files are presented, that are more related to the search for 

the students of learning sources or materials.     

C. Structure Ontology: This ontology is used to describe the relationship 

between the properties of the designed system.  

In the E-learning system, the essential points are the learning materials and the 

reusability of these materials by different users. [92] described the learning material 

that five categories have been proposed to explain the learning materials. These 

materials will be in the system's repository to help the user search for his/her 

information and personal requirements.  

1- General Information: It gives primary details of learning material and to 

support the keyword-based search approach.   

2- Subjective specific information: During the searching to find the most 

important and precise information, It is important to add particular details in the 

domain ontology.   

3- Educational information: This information is for searching the supportive 

learning material of search topics such as examples, applications and concerned 

references.   

4- Technical information: Learners can obtain the learning material with preferred 

technical details such as location, size, and format. For example, the learner can 

search for his learning style formats like video, audio, animation, text, etc.  

5- Rights information: It provides an access control mechanism for learning 

resources based on copyright information. 
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Figure 3-4: Categories of learning material 

3.4. E-learning standardizations:  

During designing any system, there are some standards and rules to follow to obtain 

good quality and compatibility of the system. So, e-learning follows some standards 

and is used as a reference while designing the system, and this will make the content of 

the system compatible with other platforms [93]. The primary purpose of using E-

learning standards is to get the interoperability and reusability of the e-learning system 

[94]. Most of the e-learning systems follow four systems: IEEE, IMS, AICC, and ADL. 

3.4.1. Advanced Distributed Learning (ADL)  

The ADL (http://WWW.adlnet.org) initiative “is a collaborative effort between 

government, industry, and academia to establish a new distributed learning 

environment that permits the interoperability of learning tools and course content on a 

global scale.” [95]. The requirements of e-learning standards in ADL are Accessibility, 

Durability, Reusability, Interoperability, and adaptability. ADL has created a shareable 

Courseware Object Reference Model (SCORM). To implement the interoperability on 

the content of the learning content, SCROM focuses on two aspects: Firstly, the e-

Learning Material Description 

Schema 
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learning system's content will be present in an aggregate model. Secondly, API will be 

used to communicate with the system [59]. 

  

3.4.2. Instructional Management System (IMS) 

The IMS (http://WWW.imsproject.org) “develops and promotes the adoption of open 

technical specifications for interoperable learning technology. Several IMS 

specifications have become worldwide de facto standards for delivering and learning 

products and services". IMS is one of the e-learning standards used in an academic 

consortium. IMS has the following subsections: The Accessibility, Meta-data, Question 

and Test Interoperability, Digital Repositories, and Learner Information [95]. These 

specifications will focus on the learners' characteristics, courses, and assessment in e-

learning systems [93]. IMS has two main goals: the interoperability between the 

services and applications in e-learning, and the second one is to support the services 

and applications internationally. Additionally, It is based on Learning Object Metadata 

(LOM) [93]. 

3.4.3. IEEE Learning Technology Standards Committee (LTSC) 

The IEEE established many technologies related to electrical, science, and Information 

Technology [94]. It used LOM widely to describe the learning resources. There are 

many goals of the IEEE (LTSC) as stated in [93] sharing the learning resources, the 

learner and Instructor can search for learning resources and support learning objects' 

security. Finally, the systems that follow the standards and the systems' contents are 

organized and more accessible to students or learners [60]. Using e-learning standards 

will help the systems reduce the complexity and fragmentation of the resources and 

objects [94].  
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3.5. Survey on Semantic Search Engine: 

The SW is the updated version of the current web. Nowadays, the number of 

pages and documents are increasing; most search engines are traditional and not 

suitable anymore. While the search engine is the main important point in the web. To 

solve this kind of problem, a semantic search web has been established [96]. Amit Sheth 

in [97] proposed that the search engine ignores the contents of the query. As an example 

scenario for search: if you want to search for movie, Robert Redford is a director and 

not an actor. In this scenario, the non-semantic search engine will not answer the query 

according to the query [8]. A new generation of technology belonging to the Semantic 

Web has been designed from the University of Georgia's [97]. It provides the ability to 

identify the existential components that software agents can protect. 

A conceptual architecture has been proposed in [98] for semantic search engines. 

This architecture consists of the following: "ontology editor, ontology mapper, 

ontology translator, Web page annotator, ontology crawler, Web crawler, query builder, 

knowledge base and inference engine". Also, the inference of the engine will be taken 

into account, and to state the knowledge, the relational database will be used. 

Furthermore, the shortcoming of the inference engine, the ontology, will be used [98].  

Ontology Interference Language (OIL) has been used as an ontology language 

when a new method has been proposed to enhance the semantic engine [99]. Most of 

the current search engines depend on the keyword on the web page. This method is not 

semantic and lacks accuracy. Instead, when you search for a person in a normal search 

engine, it means that the search engine will search for a web page containing that name. 

On the contrary, semantically is to find the exact information about that person on the 

web.   
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As Yuan [100] proposed, retrieval of the information is the search engine. 

Moreover, most of the search engine is not based on semantic, and it is a lack of retrieval 

the information it is based on HTML. The authors in [100] introduced the concept of 

the following: develop an eXtended Markup Language (XML) framework, XML in the 

search engine, the key of the intelligent XLM [101], the similarity relationships of the 

data set in the web have been analyzed and visualized. In their work, an equation has 

been proved and used for content similarity. The symbols in this equation indication: 

ϭc (p, q) indicates to content similarity and the similarity in the link ϭ1 (p, q), which is 

measured for pair of page. The below equation is related to the content similarity. 

 

            

   1   [8] 

 

 

The Jaccard coefficient is used to measure the similarity of the link: 

 

 

     2 [8] 

 

The letter p indicates to the undirected link between the neighborhood and the measure 

of between two pages. If Ϭ1 has a high value, this means that there are many neighbors 

for any two pages. 

 

    

 

         3 [8] 
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Where: t(p) indicates the topic in ODP (Open Directory Project).t0 in ODP indicates 

the lowest ancestor of p and q, and Pr[t] represents the page that has been classified 

under which topic.  

 As discussed in the work of Tikke [102], most users suffer from Internet searches 

because they do not find the relevant information. The authors compiled the answers to 

the query under a fixed subject. To solve this problem, a learning algorithm will be used 

to label the queries. In the work of [102], the Ferrety algorithm was used to execute the 

assignment topics; this algorithm works even if the training data cannot describe the 

subject semantically.  

 A similarity measure was used in [103] to categorize the words; the Turkish word 

has been taken as a sample. The main important point to use semantic similarity is to 

solve various language applications. A semantic search engine for XML has been 

proposed by [104]. To develop the schema, some points have been considered and taken 

into consideration such as an index of an XML node, index of semantic keyword, and 

index of element tag. The semantic correlation between the two nodes and between the 

keyword and the node is calculated and deducted from the search algorithm's ontology 

base. [105] proposed that effective search is necessary to achieve all possibilities of the 

web. Although the search engine's performance is better than years ago, it still needs 

more improvement, especially to the relevant information and presenting the accurate 

result to the users.  

To solve the query's problem and the shortness of the path, a framework based 

on ontology for semantic search has been developed [106]. They proposed to using an 

algorithm based on ontology to extract the information to understand the query of the 

users semantic reasoning used. In [106], a Lucene algorithm for indexing documents 

was used to develop a semantic search engine; they realized that the search results are 

better than the common one. In [107], a prototype of the semantic search engine 
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framework has been developed using Semantic Web technology. This framework can 

extract the real knowledge from the document in the Chinese language using Semantic 

Web technologies such as: "information extraction, natural language processing, and a 

novel theme-based method."  In this framework, the query results that the user requests 

will return semantically as coherent reports instead of the documents links.  

 

In [108], a search engine has been implemented to overcome the lack of the result 

and accurate it and increase the search [109]. The use of the ontology technology will 

affect the following point: accurate of the result, the personalized query, and shared 

information. Furthermore, the implementation of a user interest base can improve the 

quality and efficiency of service.   

 

In [110] and [111], a systemic framework has been proposed to build an ontology 

learning from the web pages and consider the extracting information and data and the 

relationship in ontology learning. The acquiring information will convert it into useful 

and intelligent semantic information, which is acquired from different levels such as 

XML/RDF/OWL. Some researchers pointed out that to find the relevant information 

among many sources, it is vital to the ontology [112]. They also pointed out that there 

is no specific ontology on the web; the ontology should be created by the user and 

depend on his interest. They proposed a new approach and general ontology mapping 

based on disseminating personal data and retrieving information. Personal information 

has been added into an individual profile, such as name, label, and comments. 

Afterward, the profile will compared in a model and corresponding mapping result 

returned.  

 

Some authors in [113] explored the traditional search engine and semantic 

search. As they stated, with the web's rapid growth, the conventional search techniques 
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are not appropriate and accurate to find the information. The traditional search is 

searching only for keywords on the web, and they do not consider or understand the 

synonym and antonym. In [114], a semantic search engine has been explored by 

Donglin Chen, who is used a SPARQL to query the ontology to find the information in 

a numerous relational database. A new algorithm has been proposed in [115] based on 

two features: frequency of time and semantic relevance. To calculate the transition 

probability, the semantic relevance is used, and the ranking task is combined with the 

sites' frequency time.  

 

Recently, a few years ago, a semantic search engine has been successfully 

implemented. Some of them used to retrieval information [116],  while others used for 

Linked Open Data [19]. However, there is still no real semantic search engine. Because 

most of them have been designed to retrieve the information which involves of 

collection of resources, annotation, query, and ranking the result under specific group. 

To extract the keyword for annotation purpose, a dictionary for multi-languages and 

domain ontology are used.   

 

A Semantic Web model has been proposed in [117] to improve the information's 

efficiency and precision for the unorganized and organized documents. The sequence 

evaluator is provided to measure the similarity between documents containing semantic 

information for retrieval quickly and accurately [118]. The search Arbiter's query 

results determine whether the answer and the information are received from the 

keyword or ontology search engine [119], [120].  

 

In [116], a new method has been presented that related to semantic search to 

calculate the number of pages that get it from the search engine. Researchers in [121] 

clarified that it is essential to measure the words' similarity in a different task on the 
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web, like extracting the relationship, clustering the documents, and automatically 

extracting the information. To measure the similarity of the Semantic Web, the authors 

depended on the number of pages and number of words retrieved from the web engine. 

Two novel algorithms were proposed; pattern extraction and pattern clustering. The 

proposed measurement method was important and improved the accuracy in mining. 

 

3.6. E-learning 

 

Nowadays, E-learning has been marked as an evolution of learning. The challenges of 

the learning between various sectors are different as they have been shed years ago. 

Some researchers light on that e-learning has developed the learning status in the 

present. Currently, people want to learn and get educate it just-in-time. People need to 

learn quickly without joining the training and learning course. The Internet played a 

good rule between the people and E-learning courses. The E-learning has developed 

last year ago. Figure 3-5 represents the evolution of E-learning development.  

 

 

 

 

 

 

 

 

 

 

Figure 3-5: E-learning Evolution 

 

Table 3.1 shows how E-learning increased and the enormous growth of the E-learning 

field.  
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Table 3.2: Growth of E-learning 

Terms searched Search is done in 2000 Search is done in 2008 

E-learning 5,09,000 205,000,000 

E-Education 42,000 1,370,000 

E-Training Nil 1,150,000 

Total 551000 20,75,20000 

 

 

E-learning facilitates the learning and use Information and Communication 

Technology (ICT). E-learning can cover a wide range of activities, from learning to 

blended learning [122]. E-learning is an essential element. It is no longer linked or 

related to distance or remote learning [123], but it is all about the way and methods of 

promoting the learning activities. e-learning environment is shown in figure 3-6, which 

is an ecosystem related to each e-learning activity.  

 

 

 

 

 

 

 

 

 

 

 

Figure 3-6: Environment of E-learning 

 

 

3.6.1. E-learning Areas 

 

E-learning has a different area for research to work on it, as shown in figure 3-7. The 

main area of E-learning in the research area is: "Content Development, Service 

category, and E-learning standards". Figure 3-7 shows that the Authoring and 

Specification content is related to content development. The content of the services is 
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delivery of the content, Service Framework, and User Interface Design. The last area is 

the E-learning standards, which include Standards, Policies, and Quality Measures.        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-7: E-learning Research Areas 

 

 

 

3.6.2. Elements of E-learning  

 

As mentioned in the last paragraph, there are three important E-learning; content 

authoring, content delivery, and control and management.  

Content authoring: In any E-learning system, content authoring is considered as an 

essential factor. The resources in the content related to the procedure. In the traditional 

educational system, the resource is printed as a textbook and used as a reference. While 

in the E-learning system, all the references are digitized, and it can be used through the 

computer system. Moreover, creating content needs more time and manpower.  

Content delivery: Content delivery is the method related to delivering the resource to 

the learners in any learning system. It is essential to deliver the resources to all the users 

in the system in a uniform pattern. Content delivery is concerned with the support 
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structures needed to complete teaching and learning based on content. For example, I 

will make it easy to access and deliver the educational resources related to the E-

learning system.  

Control and management: All the activities in the E-learning system will be 

controlled and managed. Some of the new services will be established, and system 

modifications are related to administrative activities. These kinds of activities create an 

ecosystem of the E-learning system.     

       

3.6.3. E-learning Management System 

 

E-learning system helps the lecturer and learner to communicate and manage the course 

easier, the system will be designed according to the criteria of each organization. ELMS 

will help the administrators manage and deliver the students' courses in different types 

[56]. ELMS includes many sections, such as assessment tools, online discussion, e-

mail, downloading, uploading assignments, etc. Most of the ELMS has been divided 

into three sections depending on the user and functionality [56]. Rapidly, ELMS has 

been increased rapidly in the Kurdistan region – Iraq, but due to the weak service of the 

Internet, most of the universities ignored it and do not use it regularly. 

Features for all users: 

● Login into the system (Admin, Lecturer, and Student) 

● General information about the system 

● Help page and useful links 

● Registration in the system 

Features for Lecturer: 

● Upload and Download the assignment  

● Upload the lecture notes 
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● Administrating the course page 

● Quiz and assessment tool 

● Student feedback 

● Student marks for the exam committee 

Features for Students: 

● Access to the learning resources 

● Download and upload the assignment 

● Contact with the admin or lecturer 

● Discussing in the forum 

● Online assessments 

● Search for resources 

● Feedback about the system and lecturer 

Most of the ELMSs have the same architecture and four main features as shown in 

figure 3-8.  

      

  

 

  

 

 

Figure 3-8: General Architecture for ELMS 

In order to increase the usability of the ELMS, it is important to integrate it with 

other sections such as Human Resources and course information in a student portal to 
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get more information and knowledge about the system. Most of the universities use 

open resources platform such as Moodle, Blackboard and so on to implement the 

ELMSs. Furthermore, most of the organizations and companies use ELMS to develop 

and improve their employee human resource; because they can train the employee 

online, save time, and get more benefit from Information and Communication 

Technology (ICT) [59].  

In 2004 according to the American Society of Training and Development 

(ASTD), it has been reported that about 90% of US universities were using ELMS. 

However, based on a study conducted by Forrester Group, the findings suggested that 

more than 50% reject to use of ELMS in training but for learning and educational 

purpose has been increased [59]. ELMS needs to train the students and lecturers to use 

it because it is a new technology. Unfortunately, in Kurdistan region of Iraq, the 

students and lecturers still ignore the system and do not use it always. Consequently, 

the universities and institutions make it mandatory to upload the assignments, marks, 

and lectures on the system. In addition to that, some websites facilitate the ELMS, such 

as (Wiki, Blogs, YouTube, and Flickr) and by linking and sharing those into the system 

will increase the motivation of the student in ELMS.  

Due to the amount of the data on the E-learning system and web, the structure of 

data is not organized, which makes the student lose to find relative information (Jacksi 

et al., 2018). Using Semantic Web technology in ELMS will help the student find the 

information much easier and faster than using linking data. The most important 

technology of the Semantic Web is the ontology, which used to organize the data. As a 

knowledge representation in a knowledge base, Ontology can be utilized as a part of 

the pedagogical methods for system users in a social network. With ontology, the e-

learning system emphasizes personalization, which can maintain the students' cognitive 
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level and adjust to students' level of understanding, to improve students' learning 

motivation. 
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Chapter Four 

4. Design of the Proposed ELSSWT-DPU System 

4.1 Introduction 

In this chapter, the methodology of the research is presented and conducted. The first 

part presents the introduction of the ontology design. Where the design of any system 

is a significant point to develop the proposed system, this system uses different phases 

and tools, as it will be mentioned in the next sections. The second part presents the 

methodology of ontology with the main tools used and the primary programming 

language, Python 3. The backbone of the SW is the ontology. In this thesis, the ontology 

of the DPU will be constructed based on two main portals of DPU, which are: Moodle 

as an e-learning framework and staff portal to get the information about the staff and 

linked with their related data in Moodle framework. Finally, this chapter describes the 

proposed system's general design from a Semantic Web view, specifically the ontology, 

linked data, and the web used to create a search engine and visualize the information. 

The proposed system develops the e-learning system in DPU, which constructs an 

ontology for DPU.  

 

4.2 Descriptions of the Proposed System: 

4.2.1 Main Trends of the Proposed System 

-  Fetching the website of the Duhok Polytechnic University. Two portals (Moodle 

and staff portal)  

- Indexing the information and data of the DPU website in Whoosh server and clear 

the data 

- According to the data of DPU, an ontology will be created in OWL language  

- Using protégé application to open the OWL ontology of DPU 
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- Using oriented-programming of Python 

- A search engine created using javascript on the web site to search for the information 

(Staff and courses), and Vue js used to visualize the results 

- Crawling the data and get the relation or LD of the data in the ontology 

- The object and data properties for each node 

 

4.2.2 Requirements of the Proposed System 

The system has constructed using the following tools and technologies: 

1- Protégé application: used to create the ontology of the DPU 

2- DL (Description Logic): query the ontology 

3- HermiT Reasoner: used to determine whether the relationship between the 

classes, individuals, and properties of the ontology is consistent. 

4-  Python language to classify the classes of the ontology (Ontology-Oriented 

Programming) 

5- Flaska has been used to develop the side of the web 

6- NLTK Natural Language Toolkit for English imported into Python 

7- DBMongo used to store the documents as a database in a JSON, which is better 

than the traditional model 

8- Whoosh is a library used in the search engine to index the documents used 

directly with Python. 

 

4.3 General Structure of the Proposed System: 

4.3.1 Architectural Diagram 

The proposed system is connected with Amazon cloud to crawl and fetch any update 

for the DPU website (Moodle and staff portal). In addition to that scrapping, the website 

using Python is the main language because scrapping the website will formalize and 
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extract the DPU website's data. The system's main steps are shown in figure 4-1, which 

is illustrated in the next section for each stage or step.
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 Figure 4-1: The main stages that the proposed system working through   
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4.4 Proposed System Design 

The amount of information on the web and its unstructured nature, the order and 

structure of the information are significant. To reach this information easily, it is 

necessary to use an ontology for a specific domain. The word ontology is used in many 

domains to organize web gain. The Semantic Web is considered as intelligent webs. 

This thesis aims to investigate the ontology of the web which is one of the important 

technologies in the Semantic Web. The lack of using ontology in Kurdistan region – 

Iraq universities is a motivation element to develop ontology at Duhok Polytechnic 

University (DPU). The main aim of this thesis is to develop an ontology of e-learning 

Management System of Duhok Polytechnic University (ELMS-DPU). Hence, to rectify 

the existing problems in the university in the Kurdistan region, including the lacking 

relationship between the need of the user and the content of the documents.   

The E-learning system consists of three main sections Admin, Lecturer, and 

Student. In this thesis, ontology for ELMS-DPU has been designed. The architecture of 

ELMS-DPU is presented, and the ontology has been visualized using the VOWL tool 

that has been a plugin with the protégé.       

In the last decade, Electronic learning (e-learning) has been developed and 

become the most popular way of learning is through the Internet and electronic medium. 

In addition to that, many educational institutions are implementing e-learning platforms 

to develop courses, collect the educational materials and facilitate the interaction 

between the student and lecturers. The technology of the web in the e-learning field has 

moved from hypertext documents to online portals. Furthermore, many e-learning 

systems applied the Semantic Web to increase the cooperation between the students 

and lecturers, generate information about data (Meta Data) and the reusability of the 

information in the Semantic Web [124]. E-learning Management Systems (ELMS) in 

Kurdistan Region-Iraq do not provide Semantic Web and ontology; so building 

ontology and applying Semantic Web technology on ELMS is required. Additionally, 
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most of the systems in Kurdistan of Iraq are using an open-source platform such as 

Moodle and Blackboard. While ELMS-DPU has been designed to use our architecture 

of the system. The system will be integrated with the Semantic Web; semantic Web 

will make it understandable by machine, so, this will make the process of the web 

easier. The major problem in Kurdistan Universities is the lack of resources in higher 

education.  

Ontologies have been used in many fields, and applications considered to be the 

main fundamentals of the Semantic Web [125] and it increases the success of Semantic 

Web [126]. Ontology is used to organize the contents of all fields [127].  

Authors of [128], Ontologies for Education (O4E) have been developed for 

educational purposes to collect the information and classify its contents. Ontologies 

play a key role in e-learning systems because the machine can understand the 

knowledge through the ontology of each system [129]. Therefore, using ontologies will 

make communication between the people and machines easier and understandable. To 

share knowledge and formalize it, ontology is used in many systems. Using ontology 

in ELMS will allow a student to find the information and manage the knowledge [55], 

[130]. To design and develop otology, some standards should be followed which will 

help the user to develop and design a good ontology. Most of the systems use ontology 

to replace it with the database or complement the database. Ontology of each system is 

different from the other so the communication between the systems will be more 

difficult [130].  

The main goal of using ontology in an E-learning system is to provide students 

with the information needed and support them during their educational process [56]. 

The study aims at designing and analyzing an ontology for Duhok Polytechnic 

University (DPU) E-learning Management System (ELMS). The system has been 

implemented as an ELMS for DPU campus. This work will focuses on the ontology 
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building using protégé tools for designing the ontology. Most of the approaches that 

have been mentioned in this research-based their system on the existing ontology and 

it is a limited scope. Therefore, in this research, an ontology constructed for e-learning 

of DPU which has more than five campuses. It is expected that the ontology and 

Semantic Web will impact to e-learning system [131].  

Most of the ontologies that related to education fields are specific and application 

ontologies [132]. Consequently, construction and building an ontology from scratch 

takes time and effort [130, 131]. Building ontology for higher education for university 

can reduce the problem of the ontology application or it might provide advantages for 

the ontologies that might use in the higher education field. In this thesis, an ontology 

for Duhok Polytechnic University will be constructed which is categorized as a high 

education field that is DPUO stands for "Duhok Polytechnic University Ontology". The 

Protégé application has been used to build an ontology [132, 133]. More details about 

the protégé, visualization, and query will be presented in the next sections of this thesis. 

 

4.5 Ontology Development Methodology 

Practically, ontology construction is not an easy task. The first point to start 

building an ontology, it is important to collect the related information to construct the 

ontology university, to increase the efficiency of the ontology. The development and 

design of ontology certainly help people to recognize and respond to doubts about the 

domain [136]. A group of concepts related to the organizational structure is combined 

and connected to create an ontology. Most of the university ontologies have a lack of 

semantic concepts but not syntactically [85]. As mentioned in this thesis there are two 

types of knowledge dealing with the ontology constructer. Each type is responsible for 

a specific task. The first one knows the domain ontology which represents the main 
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concepts of the ontology that interconnect with their basic properties. The logic of the 

contents presented in the structure ontology.   

 One of the important points constructs the ontology should be clarity and 

capability of our ontology. In the case of building an ontology, it is important to take 

into account the hierarchical structure of the ontology because it is more 

comprehensive. There is some important points we have to consider it during the 

ontology building, firstly, the concept in each layer should be connected with parent 

concept through one type of relationships such as "is-a" or "part-of". Secondly, the 

structure of the ontology should be more symmetrical, the depth of the tree should be 

equal or less than two nodes at least. Otherwise, the ontology structure will be 

asymmetric.  Finally, the user should avoid cross-link during the design of ontology. 

Most of the ontology should be visualized the information and nodes (classes, 

properties …etc) to clarify. According to the Law of Parsimony, it is important to 

minimize the numbers of the displayed concepts, while big numbers of the levels follow 

Miller's [137].   

 

4.5.1 Tools and Languages: 

A protégé 5.57 [138] application used as an ontology editor and developer as well. It is 

an open-source software which was developed by the University of Stanford in 

association with Manchester University. Protégé application provides a GUI to build 

the ontology in a friendly manner, and it consists of two sides a server and client-side, 

the server-side implemented in Java [139]. Ontology API will help the user to access 

the ontology on a server-side. Some java API methods enable the user to read and write 

the ontology (OWL). Also, the user can add a comment or annotation to any concept in 

the ontology. Various kinds of files are allowed in this tool, such as RDF-XML and 

 
7https://protege.stanford.edu/  

https://protege.stanford.edu/
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OWL-XML. To check the consistency of the ontology protégé use a Reasoners like 

FACT++, HermiT 1.3.8 and RACER. 

The OWL language is used for the ontology to generate ontology in RDF/XML 

format. Description Logic (DL) is used for the query, represented by Manchester 

Syntax for OWL. DL will parse the data of the ontology as a query language. Figure 4-

2 displays that the people who are a member of the I.T department.  

 

 

 

          

 

Figure 4-2: Persons who are a member of the IT department 

To create an ontology, a protégé 5.5 has been used. A Uniform Resource 

Identifier (URI) will be set for ontology and replace the default URI with 

https://onto.dpu.edu.krd/dpu2020.owl. This ontology uses the previous URI as a 

namespace. In addition to the namespace, comments or annotations can be added as 

well, as shown in figure 4-3. OWL language is used to develop the ontology because it 

is compatible with the WWW. It is based on RDF rules that enable the developer to add 

more vocabulary to explain classes and properties. The main classes and subclasses will 

be defined in Python as used oriented-programming in this project. All the classes, and 

the properties will be imported into a protégé application to view the DPUO2020. All 

the relationships between the classes and the ontology properties will be defined where 

some classes are equivalents and the relationship between the properties in general, 

where some properties are inverse to each other. The next step is representing the 

https://onto.dpu.edu.krd/dpu2020.owl
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individuals for each class where each instance (individual) should be related to class; 

for example, the class staff includes all the related Staff categorized as a person in this 

class. The number of instances in this ontology are more than 1200 individuals.           

Figure 4-3: the namespace of the ontology and ontology annotation  

Create Classes: As mentioned in this thesis, the ontology contains a class that is the 

main part of the ontology. Using the class tab to create and edit the classes of the otology 

in a hierarchical form. Once we start to create or initiate a class in an empty ontology a 

class under the name Thing will be the main class in all ontology. The ontology classes 

are represented as individuals or objects, and all the classes are the subclass of the 

Thing8 class. The main classes of the DPUO have been created, which are: University, 

AcademicYear, AcademicSemester, Course, DPUCampuses, and Person figure 4-4 

shows the main classes and subclasses of the ontology.  

 
8 Thing is defined by the ontology located at http://WWW.w3.org/2002/07/owl/#  

http://www.w3.org/2002/07/owl/
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Figure 4-4: The main classes of the DPUO 

The description of the superclasses and subclasses of the ontology explained and 

described as listed below: 

Superclass: AcademicYear: this class contains all the classes that are related to the 

semester in the university ontology. It includes four individuals that are related to the 

academic year for the college and two for the institute, such as the first year, the second 

year, the third year, and the fourth year as individuals.  

Superclass: AcademicSemester: This class of the ontology has two main individuals 

related to the semester intake in Duhok Polytechnic University as the DPU follows the 

semester system (First Semester and Second Semester) as individuals.    

Superclass: Course: This class contains all the courses of the DPU as an individual, 

which will be presented in the next section in the DL query. 

Superclass: DPUCampuses: This class contains two subclasses; the first one is 

College and Institute, the last subclass in the department. Each class includes the related 

individuals according to DPU structure because it has many campuses in Duhok 

governate.    
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Superclass: Person: include one subclass, which is the Staff, where all the Staff 

categorized as person individuals.  

The relationship between our ontology classes is shown in figure 4-4, due to the 

large size and the resolution, a part of the graph will be explained. The figures show the 

semantic relationship between the classes and individuals using the "OntoGraf" tab in 

protégé application. Figure 4-4 shows the subclass of the AcademicYear subclass of 

Thing with their subclasses such as (SemesterIntake, FallSemester, SpringSemester, 

and SummerSemester) there is a class called course which is related or linked to all the 

semester because maybe the course is available in any semester.  

 The ontology's main classes are defined in Python language corresponding to the 

ontology in figure 4-5. This ontology imported using Owlready which can load 

ontology with big numbers of triples. The script 4-5 of the Python shows the main 

classes of the ontology that has been constructed in DPUO2020. As shown from the 

script that the class that set it to (Thing) it means that it is the main class in ontology 

while the classes that are set it to (Person) or others that means the class is the subclass 

of the Person and so on.   
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Figure 4-5: script of python code to create classes of DPUO2020 

4.5.2 University Ontology Design  

It is important to consider the efficiency and consistency of the ontology during the 

development and design. Many resources have been studied and followed to build and 

design an efficient ontology [140]. In this project, a protégé editor used to build and 

design the ontology of Duhok Polytechnic University. The development of this 

ontology involves these steps from the initial stage to the ontology data acquisition 

stage. In our methodology of building and designing the ontology, the specification and 

conceptualization are the main two steps used. The specification step aims to get 

from owlready2 import * 
# ontology-object programming 
onto_path.append("dpu") 
onto = get_ontology("https://onto.dpu.edu.krd/dpu2020.owl") 
with onto: 
class AcademicYear(Thing): 
        pass 

 
    class AcademicSemester(Thing): 
        pass 

 
    class Course(Thing): 
        pass 

 
    class Person(Thing): 
        pass 

 
    class Staff(Person): 
        pass 
class DPUCampuses(Thing): 
        pass 

 
    class CollegeAndInstitute(DPUCampuses): 
        pass 

 
    class Department(CollegeAndInstitute): 
        pass 
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knowledge about the specific domain. The second goal is to organize and compile the 

information independently of the environment and application language using external 

demonstrations. Both of the steps will be explained as followed: 

1- Specification: during the ontology development, it is crucial to puts boundaries; what 

should be include or involved or not. In this stage of the ontology development, 

analyzing concepts and data will be minimized. The university structure has been 

considered in this project with the theories that are related to higher education 

organizations, as mentioned in chapter 3. The university's structure and the 

organizations' related documents were collected and taken into consideration during 

the ontology development. Furthermore, advice from the deans and heads of 

departments in the university were taken into consideration.   

2- Conceptualization: In this phase of the ontology development the most significant 

entities (classes, individuals, data properties, and object properties) of the university 

will be presented. The definition of the main entities will be explained in detail in 

the next section. The ontology university classes focus on the main classes of the 

university, such as President of the University, Deans, Administration Affairs, 

Academic Affairs, Deans, Head of Department, Library, Campuses, Faculty, 

Institute, etc.  

 

 

 

 

 

 

 



  

78 
 

Table 4-1: Classes and subclasses of the Universities 

Class Subclass 

Certificate Diploma, Bachelor, Master, Doctorate 

Courses Graduate Course, Undergraduate Course 

Location Campus 

Person Employee, Students 

Semester Intake Fall Semester, Winter Semester 

 

As listed in the above table 4-1 are the main classes for each university ontology. 

The class "Certificate" is defined as the most certificate available in the university for 

instance, "Diploma, Bachelor, Master, and Doctorate", Courses class defined the 

available course such as "Undergraduate and Postgraduate". The class location defined 

the campus for the colleges and institutes that related to a specific university. Person 

class divides the people in the university into two kinds or types such as employees and 

students. The Semester intake class defines the available semester at the university. The 

main concepts of DPUO tree are shown in figure 4-6.  

 

 

 

 

 

Figure 4-6: the main classes and subclasses of DPUO2020 
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4.6 Stages of Proposed System 

The most important stages will be explained in this section. There are many stages to 

be performed for developing the system. The proposed system modules can be changed 

in an easy way to fulfill any update or changes in the future. 

 

4.6.1 Fetching and Crawling DPU website 

The first stage of the system starts from the DPU website because it is related to the 

DPU E-learning system (Moodle) and the staff portal. As shown in figure 4-1, first of 

all, the data will be fetched from the website of DPU. In this stage, two main modules 

are fetching and crawling the DPU website, these two steps are combined in one term 

is called web scraping. This stage's configuration is to access the website of the DPU, 

including two main sub-domains (Moodle and staff portal). The system is used DPU 

website (Moodle and staff portal) where all the stages applied to the data that have been 

extracted from the DPU website. All the data will be inserted to MongoDB that used to 

index the data in a clouding database. Figure 4-7 shows the main two sub-domains for 

the DPU website to do the targeted link or data scraping process.  

          

 

 

 

Figure 4-7: Crawling Moodle and Staff Portal domains 

As shown in figure 4-2, the main class is a spider defined under the name of 

DpuSpider; this class defines how the target website or group of the website will be 

scrapped. The allowed_domains will add the target domains that allowed for crawling, 
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as shown in figure 4-7 that the targeted domains are Moodle and Staff portal. start_urls 

The spider should start from a list of URLs to begin the crawling. The main reason to 

start from a specific URL is that the crawling will begin from the first downloaded page 

and receive the wrong data or pages. After the domains are allowed, the next step is to 

construct the class to add both links mentioned later (Moodle and Staff portal). The 

final stage from the construction function is adding the links to a dictionary and 

avoiding duplications using set(). Figure 4-8 shows the sudo-code of the construction 

class.  

           

 

 

 

 

Figure 4-8: Sudo-code for the construction class 

After completing fetching and crawling, the next step is to save or add the data to a 

database. The connection between the data and MongoDB is one of the import to save 

or insert the fetched and crawled data into a database the sudo-code for the connection 

is shown in figure 4-9.  

      

 

 

 

Figure 4-9: Connect with the MongoDB 
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Figure 4-10: Inspection the web pages of the staff portal and Moodle. 

The final step in crawling is to check if some pages related to the staff portal and 

Moodle if not crawled or some pages are not linked. Because all the crawled, pages will 

be added to a dictionary. At the end of this step, there is the inspection, which is 

rechecking the pages if there is any related page to be extracted.  

 

4.6.2 Parsing and Extracting Module 

This module is also classified under the scraping technique because it is also used to 

extract a large amount of information in the DPU website. This part of the design 

system is responsible for parsing and extracting the data from the database that includes 

the DPU website information. Many websites that include big data need to obtain or 

gather the data that need to work on it. As mentioned, Python 3 has been used as the 

main programming language in the programming side view because it is widely used 

with data science. The beautiful Soup module has been used to do the parsing process. 

 

. 
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Beautiful Soup is compatible with Python 3, where all the HTML pages of DPU 

will be parsed as a tree. The parsed pages as HTML will be grabbed, and the information 

will be gathered to the CSV file. Before parsing the web pages, it is to understand all 

the HTML tags to access the tags and the text. So, the first step is to do is importing the 

libraries used in this process. 

 

 

 

 

 

Figure 4-11: Importing Beautiful Soup 

The parsing process will start by saving the data in a dictionary; then, the beautiful Soup 

will be defined as an object to parse the HTML pages of DPU. Figure 4-11 shows 

importing beautiful Soup and saving the extracted data into a dictionary.  

The extraction pages from unrelated and unwanted data will also be 

implemented. To extract the pages, inspection the web page is performed, the unrelated 

(text, tags, div section, aside section, body tag, and remove empty line) will be removed. 

All the text is inserted into a dictionary that is defined at the beginning of parsing 

process. Figure 4-12 shows the main steps of extraction.  
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Figure 4-12: Extracting the web pages of the DPU website 

Once the parsing and crawling have been done, the next step is to classify the 

data that has been it from the parsing and crawling as mentioned, that the data that 

indexed are from the staff portal and Moodle. The flow chart in figure 4-14 shows the 

main stages of indexing the data. At the beginning of the indexing, the extracted data 

will read it. Once the data is read, the next step is to check whether this data is parsed 

from the staff portal or Moodle. Then, the data from both portals will be portioned, and 

the relation between them will be considered to make a connection based on Linked of 

Data (LOD). Finally, the data will be exported into the indexer and RDF to construct 

the DPU ontology.  

In this section, the indexing of the data will be described in a programmable form. 

First of all, the tags, Headers, and footers will be removed from the staff portal pages 

because they are unnecessary data. The main part of these pages is the link on the page, 

because these links will be used to linking the related data. Figure 4-13 shows removing 

unrelated texts and tags from the staff portal.  
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Figure 4-13: Removing tags and unnecessary data from the staff portal 

 

 

 

 

 

 

 

 

 

 

Figure 4-14: Classification of the Data (Staff portal and Moodle) 

Most of the Academic Staff at DPU university has at least one course for teaching, So 

this course is related to department and college or institute as mentioned that LOD is 
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used to link the related data. But the most crucial point is to get all the information for 

Staff and courses. Figure shows 4-15 the course that is related to the staff portal. 

   

 

 

 

 

 

Figure 4-15: Getting Course Information for each Staff 
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Figure 4-16: Inserting Staff information 

Figure 4-16 shows the main code and the method of adding the staff, department, 

and course information. The last step in this level is the course information, the most 

important libraries will be imported, such as (BeautifulSoup, requests, 

getImageByWord, onto, urllib.parse, and parse_qs). The vital information for the 

course such as name, URL, code, year, and semester where all this information will be 

available in the ontology as data properties. 
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Figure 4-17: Inserting course information 

The main information for each staff will be inserted to the indexer; then this 

information will be inserted to the ontology as data properties. The most crucial 

information classified as data properties is (username, Email, Code, Phone Number, 

BDate, and Department of Staff). All of the information will be saved into ontology, in 

addition to that, the department's code will be inserted as well. Because each Staff 

should be linked to his related department, additionally, the course name and course ID 

will be added as well. 
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Moreover, In the DPU system, there are two semesters for each year, which 

includes many courses. In addition to that, the semester intake will be specified for each 

course. All the information will be linked with the related Staff and department besides 

of that the college or institute that is related to it. The result of this method will be 

shown in more detail in the implementation chapter. Figure 4-17 shows the main 

method and code of the course information. 

 

4.6.3 Indexing data in Whoosh:  

This module is indexing the data that has been classified from the staff portal and 

moodle. At the beginning of this module, all the data will be indexed in the Whoosh 

library. The main objective of indexing our data is to make it searchable. Currently, 

only the staff portal and Moodle data are available for searching in our system. all the 

documents (pages) should be indexed and creating some objects to make the search 

process easy. In our system, most of the documents (pages) include some fields such as 

link, title, content, etc. Some fields can be stored, and others indexed, but the value of 

each field is available in search results. The schema will be imported from Whoosh 

(from whoosh.fields import Schema, TEXT, ID). One of the important points in 

searching is the scoring or rating of the document content. The important objects and 

modules were imported from Whoosh as shown in figure 4-18. 

 

 

 

 

 

Figure 4-18: import objects and modules from Whoosh 
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The main function to index the data and make it available for searching is shown 

in figure 4-14, where all the content is stored in the form of a schema. Then creating an 

index writer to add the documents as schema and the directory of the document will be 

open. All this progress is shown in figure 4-19.  

 

 

 

 

 

 

 

 

 

Figure 4-19: Indexing the data in Whoosh. 

 

4.6.4 Mapping Data into RDF 

Mapping the data is an important step to construct the ontology in RDF or OWL file. 

The Owlready is used for mapping the data to ontology. Owlready is a module used 

Python as a programming language based on objects oriented programming. One of the 

most important points of the Owlready is that the ontologies will be saved into 

quadstore. While, all the classes, individuals, objects, and data properties will be loaded 

automatically and save it as Python objects. The interface presented by Owlready in 

unified and the OWL and Python statements are mixed using the method definition 

used in this proposed system will be explained in the next section with more details. 

There are two methods to represent the ontology classes in Python; the first one is to 

rely on metaclasses defined as the metaclass level, and the second one is known as the 

class level used in this thesis. Additionally, Owlready provides the datatypes of the 
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ontology that represent as a part of the properties, where all the data represented as 

literals of RDF. The datatypes that are supported by Owlready are string, integer, float, 

Boolean, date, and time.  

First of all, Owlready will load the ontology from the local repository if it is available; 

if not, it will create a domain for it as: 

onto=get_ontology("https://onto.dpu.edu.krd/dpu2020.owl"), and each defines it is 

own domain as illustrated in the previous example. Where all the ontologies will be 

loaded automatically by Owlrady. In this project, we defined the ontology path as a 

global variable to access the ontology easily. Our ontology is exported as RDF 

extension, where Owlaready cannot export as OWL/XML because it has not been 

supported yet. The main or the ontology's parent class is defined as Thing and the other 

classes considered a subclass of Thing, Owlready support the inheriting form. For 

instance, the first class in our ontology is AcademicSemester defined as the link 

https://onto.dpu.edu.krd/dpu2020.owl#AcademicSemester. Owlready supports 

multiple inheritances the subclasses of the ontology are defined as shown in figure 4-

20. The main subclasses of DPU ontology are defined in the form of multi-inheritance.  

  

Figure 4-20: Classes and subclasses of DPU ontology 

Once all the classes and subclasses of the ontology are mapped and exported into 

protégé application, the next step is to create the properties of our ontology, object and 

data properties are created, which is mostly used to create the relation between the 

https://onto.dpu.edu.krd/dpu2020.owl#AcademicSemester
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individuals. There are two methods to develop a property in the ontology; the first one 

is to create a class for each property. The second one, which is used in our ontology, is 

to create the property according to our relationship between individuals' classes. 

Additionally, in our method, the property that created is defined directly if it is object 

or data properties,  figure 4-21 shows the difference between the creation of properties 

in Python, where figure 4-21 A is used in this project.   

  

Figure 4-21 A: creating properties 

directly 

Figure 4-21 B: Creating properties by 

class 

Figure 4-21: Creating object properties in TWO different method 

 

Specifying the domain and the range for each object property, usually the classes related 

to the property. Also, the object properties have inverse properties as well, for example, 

the object properties Courses During has inverse p. Whereas the inverse property is 

defined using the "inverse_property" attribute. The inverse property is updated or 

automatically handles the inverse property, and the relationship will be updated too. 

But having only classes in ontology is not enough to search for the exact information 

and what the user needs from the ontology. So, it is essential to link the classes to 

present the relationships between the individuals. Three types of properties were used 

in the proposed system, which is; Object Properties, Datatype Properties, and 

Annotation Properties. All properties of the ontology in DPUO are disjoint mutually. 
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Most of the relationships in the ontology there should be a target, source, and 

mathematical properties. In this ontology, some properties have a sub-property as well. 

The Range and the Domain of the object property have been specified in object 

property, then based on the use of property, the classes can be inferred. Table (4-2) 

shows the object properties of the DPUO with their domain, range, and description.  

Table 4-2: Object properties of the DPUO 

Object Properties Inverse Of Domain Range 

CollegeOf isCollegeOf CollegeAndInstitute Department 

CourseDuring OfferDuring Academic Year Course 

CoursesTake SemesterIntake AcademicSemester Course 

DepartmentOf isCourseOf Department Course 

DepartmetOfStaff StaffOfDepartment Department Staff 

isCollegeOf CollegeOf Departmetn CollegeAndInstitute 

isCourseOf DepartmetnOf Course Department 

isTeachedBy TeachingBy Staff Course 

OfferingDuring CourseDuring Course AcademicYear 

SemesterIntake CourseTake Course AcademicSemester 

StaffOfDepartmetn DepartmentOfStaff Staff Department 

TeachingBy isTeachedBy Course Staff 

 

Once the object and data properties are defined the range and the domain for each 

property will be defined as well. The domain and the range will specify the start and 

end of the edge for the relationship between the properties respectively. As shown in 

table 4-2 the relationship between the object property and the Inverse of. Such as the 

property CollegOf is inverse of isCollege with the domain CollegeAndInstitute and 

range Department. Where both range and domain are classes in our ontology 

DPUO2020. Another object property for instances, TeachingBy the Inverseof is in 
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TeachedBy where the domain is course and the range is Staff. In some ontologies, there 

is an equivalent property which is not common.  

Domain and range will be specified for each object property to  link between the 

individuals in each class located in domain or range. For instance, the object property 

inTeachedBy with the domain (Staff) and range (course) and the Inverse of is 

TeachingBy. In DPUO2020 the Web Programming course is TeachingBy individuals 

Rakan. The implementation will be more clarified in the next chapter. After the object 

properties are created, the next step is to create the ontology's data property using 

Owlready in Python.  

Contrary to RDF or OWL, the object and data properties are not distinguished in 

Owlready, depending on that everything in Python is defined as an object, the Owlready 

aim is to access the ontology in a transparent method in Python. The data types that are 

supported by Owlready are; int, float, bool, str (string), Owlready.normstr (a single-line 

string), datetime.date, datetime.time, DateTime.datetime. Figure 4-22 shows the main 

method in Python that is used to create the data properties of the DPUO.  
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Figure 4-22: Creating and Mapping data property of the DPUO 

Datatype properties are used to relate between the object and the datatype values. All 

the individuals are linked to data values in datatype properties. Additionally, the 

datatype properties are the subclasses of the object properties. For example, the 

datatype LecturerName might link the class People in the ontology into an XML 

schema datatype as a string. In DPUO, two properties of the datatype are used; Range 

and Domain which are used to link the individuals from the domain to XML schema, 

# data property for person name 

 
    class Fullname(DataProperty): 
        domain = [Staff] 
        range = [str] 
    # data property for Email 
    class Email(DataProperty): 
        domain = [Staff] 
        range = [str] 
    # data property for Code 
    class Code(DataProperty): 
        domain = [Staff] 
        range = [str] 
    # data property for Phone NUmber 
    class PhoneNumber(DataProperty): 
        domain = [Staff] 
        range = [str] 
    # data property for BDate 
    class BDate(DataProperty): 
        domain = [Staff] 
        range = [str] 
    # data property for Course Name 
    class CourseName(DataProperty): 
        domain = [Course] 
        range = [str] 
     # data property for Course Code 
    class CourseCode(DataProperty): 
        domain = [Course] 
        range = [str] 
    # data property for Url 
    class CourseUrl(DataProperty): 
        domain = [Course] 
        range = [str] 



  

95 
 

as mentioned in the last example. In table 4-2 most of the data properties are listed with 

their domain and range.  

Table 4-2: Data Property of DPUO 

Data Property Domain Range Description 

BDate Staff string  

Code Saff 

CollegeAndInstitute 

String  

CourseCode Course String  

CourseName Course String  

CourseUrl Course String  

Email Staff String  

Fullname Staff String  

Name CollegeAndInstitute String  

PhoneNumber Staff String  

Url CollegeAndInstitute String  

 

It is clear from table 4-2 that the main data properties are related to each 

individual in the proposed ontology. Where the domain and the range for each data are 

specified according to the relation of each individual because each concept or individual 

has specific data property. Usually, the domain is defined as a class and the range as 

datatype such as (string, date, and so on). For instance, the property BDate related to 

domain staff and the range as a string, CourseUrl the domain is class, and the range is 

a string.   

In this ontology, annotations are added in class, properties, and individuals. It is 

disjoint with the object and datatype properties. Annotations have the specific form 
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typing as a triple such as (AnnotationPropertyID rdf:type owl: AnnotationProperty). 

The annotation property of the ontology must be a data literal or a URI as a reference, 

both of them are used in DPUO. There are five properties are defined in ontology which 

are (owl:versionInfo, rdfs:label, rdfs:comment, rdfs:seeAlso, rdfs:isDefinedBy).   

When the ontology properties are set, the last step is to create individuals 

(instances), which are the ground level of the ontology in the hierarchy form. Moreover, 

creating the instances is a very important point for making the relation between the 

classes and subclasses and enriching the ontology. Once the individuals are created all 

the properties will be recorded, the individuals are stored in a specific database as RDF. 

The individuals may be set as people, subjects, and others. In DPUO most of our 

individuals are people and words (such as the name of subjects), the information of our 

instances are taken from the DPU university website. In our ontology, around 1500 

instances are defined representing most of the concepts.  Adding individuals to 

ontology is the final step. The individuals will be added by choosing the individuals tab 

in the protégé application, and all the individuals should be added under a specific class 

from the ontology. Data properties will be added to each individual according to the 

related properties. Figure 4-23 shows an example of adding properties to one of the 

individuals in DPUO. Figure 4-24 shows the instances of DPUO and figure 4-23 adding 

the object properties into the instance (Adnan). The data property will be selected such 

as "LecturerName" and the then select type as “xsd:string” the value-added into the 

available space. Finally, the same steps will be applied for other data properties as well. 

Once finishing the iterative process, all the individuals will be listed as shown in figure 

4-24, the instances of the Person class are listed as people's properties or names.     
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Figure 4-24: Instances in DPUO – Ontology Model 
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4.6.5 Getting the Information about the Courses and Staff 

This stage deals with getting information about the individuals; (Courses, People, 

Departments, Colleges, Institutes, and Deans). In this method, the linked data will play 

a good role to link between the individuals and the information that got it from the DPU 

website. 

 

 

 

 

 

 

 

 

 

Figure 4-25: All the information about the courses 

To get the information about the course via the object properties, as shown in figure 4-

25, Python's primary function is to handle and insert the information. This function is 

divided into two parts: the first one is to handle the object property OfferingDuring and 

the second part is to show that the course is taken in which semester either first or 

second SemesterIntake. These two properties are linked together when the subject or 

def getCourseInfo(course): 

    objectprop = dict() 

    objectprop["OfferDuring"] = str(course.OfferDuring[0].Name[0]  

if len(course.OfferDuring) > 0 and len( 

        course.OfferDuring[0].Name) > 0 else "") 

    objectprop["SemesterInTake"] = str(course.SemesterInTake[0].Nam

e[0] if len(course.SemesterInTake) > 0 and len(course.SemesterInTak

e[0].Name) > 0 else "") 

    if len(course.TeachingBy) > 0: 

        staffdata = getStaffData(course.TeachingBy[0]) 

        staffdata['onto'] = str(course.TeachingBy[0]) 

        staffdata['icon'] = getRecordByOnto(course.TeachingBy[0]) 

        objectprop["TeachingBy"] = staffdata 

    if len(course.DepartmentOf) > 0: 

        depdata = getDepartmentData(course.DepartmentOf[0]) 

        depdata['onto'] = str(course.DepartmentOf[0]) 

        depdata['icon'] = getRecordByOnto(course.DepartmentOf[0]) 

        objectprop["DepartmentOf"] = depdata 

    lastDic = {'type': 'course', 'data': getCourseData( 

        course), 'object': objectprop} 

    return lastDic 
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course is chosen that linked to any individuals. Once the object property is handled, the 

data property will be handled too for each academic Staff. The data properties for 

DPUO are; (Name, E-mail, Code, PhoneNumber, and Bdate). The function def 

getstaffdata and the data properties will be saved or indexed into a dictionary named as 

dict(). The next step is to link the information between the academic staff and the 

department of each college or institute. All the data and object properties will be 

imported and saved into the ontology in protégé application to verify the connection 

between the data and individuals during the visualization and implementation, which 

will be more clarified in the next chapter.  

         

  

 

 

 

 

 

 

 

Figure 4-26: Importing data property of the department 

def getDepartmentInfo(department): 

   objectprop = dict() 

    if len(department.CollegeOf) > 0: 

        depdata = getCollegeAndInstituteData(department.CollegeOf[0]) 

        depdata['onto'] = str(department.CollegeOf[0]) 

        depdata['icon'] = getRecordByOnto(department.CollegeOf[0]) 

        objectprop["CollegeOf"] = depdata 

    if len(department.StaffOfDepartment) > 0: 

        staff = [] 

        for x in department.StaffOfDepartment: 

            staffdata = getStaffData(x) 

            staffdata['onto'] = str(x) 

            staffdata['icon'] = getRecordByOnto(x) 

            staff.append(staffdata) 

        objectprop["StaffOfDepartment"] = staff 

    if len(department.isCourseOf) > 0: 

        couese = [] 

        for x in department.isCourseOf: 

            couesedata = getCourseData(x) 

            couesedata['onto'] = str(x) 

            couesedata['icon'] = getRecordByOnto(x) 

            couese.append(couesedata) 

        objectprop["isCourseOf"] = couese 

    lastDic = {'type': 'department', 'data': getDepartmentData( 

        department), 'object': objectprop} 

    return lastDic 
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The subject link to each department is handled in the function getDepartmentData, 

where the (name, URL, and code) of the subject will be shown and appear. So, in this 

method, the data will be linked together as shown in figure 4-27.  

    

 

 

 

 

 

 

Figure 4-27: handling the data properties of the subject in each department in 

DPU. 

4.6.6 Semantic Search Engine 

This stage is about developing a search engine based on Semantic Web concepts. 

Recently, people want to get information from the Internet using a search engine, even 

if it is a traditional search engine used to get the exact information and retrieval 

information. Most of the information that is obtained it from the searcher is irrelative 

to their query. In this thesis, the final step of developing the system is to get the exact 

information related to the query that the user search for it. It is to develop a search 

engine to get the related information and machine-understandable. 

Additionally, the proposed search engine filters the unrelated documents, clear the web 

pages, matching the data with the RDF or OWL file of the ontology, and link the related 

information between the individuals, object and data properties. Because of that, 

Semantic Web is a new generation of the web, so we used to enhance and optimize our 

#Data property of department individual using department obj

ect 

def getDepartmentData(department): 

    datapro = dict() 

 

    datapro['Name'] = department.Name[0] if len( 

        department.Name) > 0 else "" 

 

    datapro['Url'] = department.Url[0] if len( 

        department.Url) > 0 else "" 

 

    datapro['Code'] = department.Code[0] if len( 

        department.Code) > 0 else "" 

    return datapro 
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proposed system's search engine. For instance, if the user writes a query like "apple" in 

a conventional search, the user may get the information about the apple company (i.e) 

WWW.apple.com. While semantic concepts will retrieve the documents and 

information related to apple as fruit with its properties, relations, and so on. In this 

system, it is proposed to use the semantic concept based on an ontology that is 

constructed using Python language (Oriented-Programming) and implement the search 

engine with the linked data, Natural Language Program, and Machine Learning.             

The general architecture of the search engine is shown in the info-graph as shown 

in figure 4-28. The proposed system's semantic search engine consists of five stages: 

Query Analyzing, TF-IDF Algorithm, Indexing Data, RDF or OWL, and Result 

Analysis. The users' query will be processed into a query analyzer, which then inserts 

it to TF-IDF algorithm, which is used for search ranking. TF-IDF algorithm will fetch, 

match, and record the user's query from the indexer. The algorithm results will be 

inserted into result analysis, which is matched with the RDF or OWL ontology file to 

create the linked data concept between the instances, data, and object properties. In the 

end, the result of the responses of the users will be visualized and linked between the 

related data.  

In the proposed system, there are two types of documents aimed at the system. 

They are HTML and XML documents that include the main information of the DPU 

website. The XML page is more flexible to retrieve the retrieval information from it, 

which is used widely in the semantic to retrieve the information. This system does not 

focus on the contents of the DPU website's documents such as (DOC, PDF, PPT, etc.). 

The results of the search engine are addressed in the implementation section in Chapter 

5.

http://www.apple.com/
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Figure 4-28: Info-Graph of search engine
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4.6.7 The architecture of the Proposed Research Engine 

The details of the semantic search engine for the proposed system are shown in figure 

4-29. The modules of the research engine are explained in details. 
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4.6.7.1 Parsing Process 

Parsing is one of the essential modules in our search engine. The system's parsing 

process is done in the Whoosh indexer used in our system, which is used for indexing 

as explained in section 4.3.3 of chapter 4. Parsing accepts the generic language as a 

query and returns it as RDF triples or SQL. But in our system, we return it as RDF 

because the ontology is constructed as RDF. The significant concepts of the parser as 

an algorithm in the semantic concept are:    

a. The query of the user is split as tokens, using a string tokenizer. 

b. The word elimination is used to eliminate or delete the extra words and signs in 

the HTML pages during the search process to get the exact information.  

c. Reducing the words and find its root is developed using the stemming algorithm. 

NLTK of Python is used to develop the stemming procedure. For example, if the 

keyword is "Playing", it will reduce the word into play. 

d. Once the keywords are stemmed and eliminated, the next step that is done is 

called modifiers. The keywords are then given to the WordNet dictionary to find 

the exact keyword or related to it. So, regarding this step, the system is linked 

with the WordNet in TF-IDF Algorithm.  

e. All the data are indexed in the data indexer, while the keywords will send it to 

the Ontology of the system to get the retrieved and related data. 

f. The reasoned of the ontology is plugged into the protégé application to make sure 

that the ontology is consistent. However, there is no collision and similarity in 

the relationships between the individuals. 

g. The explored data will be linked and visualized for the users.  
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4.6.7.2 Parsing Modules 

The proposed parsing of the system consists of FOUR modules: after these four points, 

insert WHOOSH code: 

a) Tokenizers 

The search query of the user is converted into a group of tokens. A token is classified 

as a block of text, and the characters of the tokens are indivisible. In this project, the 

tokenization output is done with two types of file CSV and JSON as shown in figure 4-

30 A and 4-30 B. Tokenizing of the proposed system is done and displayed in the 

WHOOSH code. Figure 4-31 shows the method on creating a search index in 

WHOOSH as an indexer. 

  

Figure 4-30 A: Tokenizing the data in 

the CSV file 

Figure 4-30 B: Tokenizing the data in 

the JSON file 
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Figure 4-31: Method of indexing data using WHOOSH as an indexer 

 

b) Word Elimination 

The elimination of the words in the documents is focused only on; stopped, 

punctuations, and other words to be deleted in the document that have been used very 

commonly without any meaning only serve the syntactic. The stop words affect the 

retrieving information in semantic search because of the high frequency in the 

import os 

from whoosh.index import create_in 

from whoosh.fields import Schema, TEXT, ID 

from whoosh.qparser import QueryParser 

from whoosh import scoring 

from whoosh.index import open_dir 

import sys 

import pymongo 

from whoosh import writing 

import onto_q 

 

def createSearchableData(items): 

    schema = Schema(title=TEXT(stored=True), url=ID(stored=True), 

                    content=TEXT, textdata=TEXT(stored=True), icon=TEXT

(stored=True), onto_name=TEXT(stored=True),type=TEXT(stored=True)) 

    if not os.path.exists("indexdir"): 

        os.mkdir("indexdir") 

    # Creating a index writer to add document as per schema 

    ix = create_in("indexdir", schema) 

    writer = ix.writer() 

    writer.mergetype = writing.CLEAR 

 

    for item in items: 

        #fp = open(path,'r') 

        print(item) 

        ontos = item['onto_name'] if 'onto_name' in item else None 

        type = onto_q.getTypeByOntoStr(ontos) 

        if len(item['title']) > 0: 

            writer.add_document(title=item['title'][0], url=item['url']

, 

                                content=item['text'], textdata=item['te

xt'], icon=item['icon'], onto_name=ontos,type = type) 

    writer.commit() 
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document. So, removing stop words changes the frequency and subsequence of the 

documents. The efficiency of indexing will be increased in the documents from 30% to 

50%. While the elimination of the word is used with the WHOOSH indexer and parser 

process.   

c) Stemming 

Stemming is to change the word to the root by reducing the inflection of the words. 

This process helps the developer achieve the root of the words used widely in tagging, 

indexing, information retrieval, and searching procedure. So, removing the suffix of the 

words will reduce the size of the document and the complexity of the data, which helps 

retrieve the information, which is always a good advantage.  In this project, the 

Stemming process is performed using the NLTK package in Python. 

d) WordNet 

WordNet is a database contains; nouns, adverbs, and adjectives in a lexical form with 

the relationship between the related words. This database is used to find that similar or 

related words during the search process are explored in a web browser and connected. 

Semantically and lexically, these two types of relationships are available in WordNet. 

In this project, WordNet's semantic concept is used because the relationships between 

the words of the semantic concept are related to the definition. But the lexical concepts 

it is more related to linguistic and language concepts. In this thesis, the search engine 

found the related words from the WordNet database. The experimental results are 

shown in the web section. 
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4.6.7.3 Ontology Reasoner 

As shown in the proposed search engine architecture in figure 4-27, when the parser is 

done for the keywords. The next step is sending the query to RDF or OWL ontology. 

But before that, the ontology should be checked that it is consistency and there is no 

collision between the individuals regarding the relationships. The main aims of using 

ontology reasoner in the system are: 

● The ontology will be selected and check the consistence and coherence of it. 

● Retrieving the classes, subclasses, properties, and instances of the ontology. 

● The last step of the search process is the data that will be linked and visualized 

for the users, the next section will cover the visualization methodology. 

a) Visualization Data Using VIS: 

To show the search engine results in the proposed system interactively, we used the Vju 

javascript library to visualize the data. The search engine results in our system consist 

of nodes and links between them according to it is relationships based on DPUO 

ontology. It is obvious that the nodes' visualization looks like a network with the group 

of nodes connected and the data displayed in a 3D view. The modules of the 

visualization are connected with the visualization tools or library, which is Vju.js, 

where the method of visualization is employed as well.  

The result of the searching is shown as nodes, which is then connected with the 

other nodes of the network. To do so, the information of the node will be sent to tools 

or library to visualize or draw the result as a node. The addNoteOnto function will be 

run and will insert the result of the searching query as a node, where the shape of the 

node is set it as circular. Figure 4-32 shows the piece code of adding the node. 

Additionally, when the node has added, the link of that node will be added as well. The 
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response type of requesting the node is JSON because the library of the visualization is 

JavaScript.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4-32: The Function of Adding Node 

As soon as the result of the search query is insert it the ground of the system and 

initialized. Nodes can be linked with their related data such as properties, instances, and 

so on. When a node is deleted recently from the visualization view, the node can be 

added again by clicking the node and connecting with the same node(s) or related nodes. 

The function getEdgeBetweenNodes will be worked and executed to a link between the 

nodes. In Figure 4-33 shows the snapshot of linking the nodes where each element of 

the network has a specific ID using the function getElementById. 

 

addNodeOnto: function (item) { 

            axios({ 

                method: 'get', 

                url: mainurl + 'getInfo/' + item.onto, 

                responseType: 'json' 

            }).then(response => { 

                res = response.request.response 

                if (res != null) { 

                    this.addNode(res) 

                } 

            }) 

        }, 

        addNode: function (item) { 

            this.node.add( 

                { 

                    id: item.onto, 

                    shape: 'circularImage' 

                    , image: item.icon 

                    , label: item.text 

                    , onto: item.onto 

               } 

            ); 
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Figure 4-33: Linking the node on the network 

The node of the network is moveable by dragging the node in the network. To connect 

the node with the related nodes the Onclick method is used to show the related nodes 

for each one on the left sidebar. However, if the node is not related to a new network 

of the visualization will create it.  

Each node should has an image during the visualization, a method of checking 

the node whether it has an image or not. Most of the node that related to the Staff has 

the image of the staff profile, and then the image will send it to the query to set it as 

node image and make it visible. In case the node does not have an image, an image will 

be generated according to the word of the node or resource by using the function 

getImageByWord. Regarding the connection between the instances with their 

properties, it is based on the relation between them and following the instructions and 

rules of the OWLready module. Where the relationship between the nodes is based on 

the reasoned on the ontology in protégé application. The function onClickNode will 

send a request to the app.py file to get each node's result from the ontology name. Figure 

if (Array.isArray(item.link)) { 

                console.log('item Link' + item.link) 

                list = [] 

                item.link.forEach(function (node, index) { 

                    console.log("node" + node.vals) 

                    node.vals.forEach(function (link, index) { 

                    t = app.getEdgeBetweenNodes(link, item.onto) 

                        console.log("this is edge"); 

                        console.log(t) 

                        if (t.length == 0) { 

  x = { from: item.onto, to: link, label: node.name, arrows: 'to' } 

                            console.log(x) 

                            list.push(x) 

                        } 

                    }) 

                }) 
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4-34 shows the piece code of the onClickNode function in main.js file and getInfo of 

the node in the app.py file to get the node's properties.   

@app.route('/getInfo/<keyword>') 

def getInfo(keyword): 

    j = onto_q.get_prop(keyword.replace('dpu2020.', '')) 

    x = onto_q.getRecordByOntoStr(keyword) 

    print(x) 

    print(j) 

    l = {'url': x['url'], 'text': x['title'][0], 

         'icon': x['icon'], 'onto': x['onto_name'], 'link': j} 

 

    return jsonify(l) 

 

@app.route('/onto/<keyword>') 

def onto(keyword): 

    val = onto_q.get_map(keyword) 

    print(val) 

    return json.dumps(val) 

 Figure 4-34 B: Getting the properties of each node 
onClickNode: function (par) { 

            if (par.nodes.length > 0) { 

                this.selectedNode = this.node._data[par.nodes[0]] 

 

                axios({ 

                    method: 'get', 

                    url: mainurl + 'onto/' + this.selectedNode.onto, 

                    responseType: 'json' 

                }).then(response => { 

                    res = response.request.response 

                    this.nodeInfo = res 

                    /*dataProp = [] 

                    Object.keys(nodeInfo.data).forEach(key => { 

                        val = nodeInfo.data[key] // value of the current key 

                        dataProp.push({ 'key': key, 'val': val }) 

                    }) 

 

                    console.log(dataProp)*/ 

                }) 

Figure 4-34 A: onClickNode function 

 

Figure 4-34 shows the piece code of the onClickNode function 
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Chapter Five:  

5. Implementation and results 

5.1.  Introduction 

In this chapter, the implementation of the system will be explained in details. The 

experiment and implementation have been explained in this chapter in detail to assess 

the system's performance. The implementation of the system has two parts, the first part 

is related to the ontology of the DPU, which is implemented using protégé application, 

where the DPUO will be tested and visualized using different tools. The second part of 

the implementation is in the web environment to implement the semantic search for 

DPU ontology and apply the linked data that show the relation between the individuals 

and the properties (object and data). In this chapter, the proposed prototype is 

implemented based on the design of the system.  

 

5.2. Ontology Testing 

After the ontology has been developed, the next step is testing and implementing the 

ontology. Besides, evaluating the ontology using an application or offline and make 

sure that all the links, data, individuals, and classes are logically corrected. In this work, 

the ontology is tested using a Reasoner called HermiT 1.3.8. The Reasoner is a plug-in 

in Protégé 5.3 and executed from Reasoner tool, as shown in figure 5.1 A and B. The 

classification and coherence of the ontology are performed using Debugger, as depicted 

in figure 5.8.  
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5.3. Ontology Implementation Ontology in Protégé  

As mentioned in the previous chapter, the backbone of the developed system is the 

ontology of the DPU. The primary purposes of implementing and developing the 

ontology are to model the system's main or general concept and model the knowledge 

of the system. At the beginning of the ontology development, the ontology's main 

domain is initiated using Python language that is used in this project to apply the 

oriented programming. Where the initial development of the ontology is developed 

using python programming, as mentioned in the methodology section. So, the 

implementation of the DPUO will be implemented using protégé application last 

version 5.5, which is free and open source. The main aim of using protégé is to provide 

the graphical interface and define the ontology. It also uses to classify and consistent 

the models of the ontology.  

 The first step of the implementation of the ontology in protégé is to load the 

ontology into protégé application. Protégé will generate the OWL code of the ontology 

to develop the ontology with the OWLready, as mentioned in the methodology. Figure 

5-1 shows the main interface of the protégé within the loaded ontology of DPU and the 

main classes and subclasses.   

   

 

              

 

 

 

Figure 5-1: The main Interface of the Protégé loading the ontology 
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 Once the ontology loads it into the protégé, one of the essential plug-ins in 

protégé is the DL Query is to retrieval the information that based on the information 

collected in the DPUO and make the searching process easier in the classified ontology. 

To define and discover new relationships between the data and resources, the term 

inference will be used. Based on the dataset of the ontology new relationships will be 

found, and analyzing the content of the data and quality of the data will be improved as 

well. Additionally, different techniques used to discover inconsistencies in the dataset. 

As a result of that, it plays a good rule to decrease self-joined issue between triples and 

individuals. The facts of the ontology will be derived using software known as a 

Reasoner. In this project, the Reasoner that used is plug-in (bundled) with the protégé 

application such as Pallet [141], FaCt++ [142], HerMiT [143], etc. Before the DL query 

is implemented, the Reasoner in protégé should be selected in this project HermiT 1.3.8 

is run to classify the active ontology. Some of the DL queries have been implemented 

for our ontology. 

  

Figure 5-2 A: choose the HerMiT 

Reasoner 

Figure 5-2 B: Reasoner progress 
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- DL Query 1 

- The academic staff of the TICA Information Technology Department 

- DepartmentOfStaff value TICA-ITInformation_Technology  

 

 

 

 

 

 

 

 

 

Figure 5.3: a snapshot of DL Query of Academic staff for TICA 

- DL Query 2 

- The available course or offering course during the second year, where there are 

356 courses during the second year. 

- OfferDuring value SecondYear  

 

 

 

 

 



  

116 
 

 

 

 

 

 

 

 

 

Figure 5-4: a snapshot of DL Query the offering course during the second year 

- DL Query 3  

- The course(s) taught by individual adel.ali in DPU university  

- TeachingBy value adel.ali 

 

 

 

 

 

 

 

 

Figure 5-5: a snapshot of the course that taught by individual adel.ali 
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- DL Query 4 

- The colleges and institutes at DPU University are shown in figure 5-6 as 

individuals in the CollegeAndInstitute class.  

- isCollegeOf some CollegeAndInstitute 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-6: a snapshot of the colleges and institutes in DPU University 

 

- DL Query 5 

- The list of the courses of the information technology in Technical Informatics 

College of Akre as shown in figure 5-7 where there are 34 courses in the IT 

department.   

- DepartmentOf value TICA-ITInformation_Technology 
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Figure 5-7: a snapshot of the courses at Information technology department 

The implemented DL queries of the ontology have shown that there is no error 

during the classification process. At the end of this step, the coherent and consistent of 

the ontology using the Debugger plug-in as shown in figure 5-8 to prove that the 

ontology is developed correctly. 
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Figure 5-8: Coherent and Consistency Testing of the ontology using Debugging 

 

The next step of the implementation in protégé is to use OntoGraf to make sure 

that the relation between the classes and individuals are navigated and interactive, 

where the structure of the ontology is organized. Figure 5-9 shows the main classes and 

subclasses of the ontology; the user can show and hide the ontology-based relation on 

the user desire or OWL description. Most of the subclasses have some instances 

(individuals) related to that class or subclass figure 5-10 shows the main individuals 

connected with CollegeAndInstitute subclass of the ontology.   
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Figure 5-9: OntoGraf of DPUO in Protégé 

 

 

 

 

Figure 5-10: Individuals of CollegeAndInstitute subclass 

As depicted in figure 5-11 the ontology's main classes are AcademicYear, 

DPUCampuses, Course, AcadmicSemester, and Person. All these concepts are viewed 

in a hierarchical form and incrementally navigated using OWLViz plug-in to ensure 

that the relationship between the classes and subclasses is linked as it is clear from the 

Figure that the is-a refers to that the subclass is related to a superclass or main class. 

Where the staff class is defined as a person, while CollegeAndInstitute is a 

DPUCampuses.  
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Figure 5-11: a snapshot of the Classes in Hierarchical Form 

 

5.4. Visualization of DPUO:  

Visualization tools of ontology help users to understand the form of ontologies. There 

are many tools used to visualize ontologies, where most of them use graphical 

approaches to visualize ontology elements. The main aim of Visualization Notation for 

OWL Ontologies is to help the users who are less familiar with ontologies to understand 

them. In this paper, several visualization tools have been studied in detail; the ontology 

of the E-learning Management System of Duhok Polytechnic University (ELMS-DPU) 

has been visualized using two different tools: protégé VOWL and Web VOWL. Some 

tools support several features such as spanning tree or hierarchical relation; however, 

these features might be complex for lay users and might not be able to understand the 

ontology visualization [144]. Hence, it is important to divide the graph of the ontology 

into a subgraph, So, the users can understand the ontology.  

The visual notation of VOWL represents the elements of the ontology in 

graphical depiction. The VOWL is categorized into two different tools to visualize the 
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ontology: ProtégéVOWL and WebVOWL. According to the official website of the 

VOWL9 there are two versions of VOWL. The first one is used to visualize classes and 

individuals of the represented ontology [145] [146]. The second version VOWL2, 

focuses on the visualization of classes, data types, objects, and data properties.   

In this section, the ELMS-DPU has been implemented in two different tools to 

visualize the ontology. The first one is ProtégéVOWL based on java language, which 

is used for the desktop version. The second one is a web application which is 

WebVOWL. Both tools are available for the public10.  

In ProtégéVOWL classes, properties and datatypes are visualized, which is 

categorized as (TBox), but the individuals and data values are not included in (TBox). 

It has been plugged into the protégé application, and it is a JAR file that is copied into 

the plug-ins folder. It is acceptable and compatible with version 4 or above of protégé. 

Figure 5-12 shows the screenshot of ProtégéVOWL for ELMS-DPU ontology. The 

main interface consists of three parts: the first part is the VOWL viewer, which contains 

ontology visualization. The details of each element will be listed in the sidebar, which 

is the second part. The third part is used to control the graphical layout.  

ProtégéVOWL uses a visualization toolkit like Prefuse [147] to arrange the 

elements in force-directed. Figure 5-12 illustrates the interface of ProtégéVOWL for 

the ELMS-DPU ontology graphic layout. Users can zoom in/out any elements of the 

ontology to analyze the structure. However, in ProtégéVOWL, all the specifications of 

ELMS-DPU were not implemented. More implementation of visualization will be 

provided by WebVOWL that will be described in the next section. 

 

 
9http://vowl.visualdataweb.org/v2/  
10 https://protegewiki.standford.edu  

http://vowl.visualdataweb.org/v2/
https://protegewiki.standford.edu/
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Figure 5-12: a screenshot of ELMS-DPU in Protégé VOWL  

Web VOWL11 is one of the visualization tools of the ontology that can be 

implemented on a client-side which is free and open. Web VOWL works with most of 

the Internet browsers that support SVG. For example, it is not working on Internet 

Explorer (Version 11) because it does not support the SVG feature. Most of the 

ontology visualizations that have been mentioned in this research are implemented in 

java. 

The WebVOWL is different from ProtégéVOWL, which is not a plug-in and it 

is an independent application. In WebVOWL, the ontology needs to be converted into 

JSON (JavaScript Object Notation) schema, which is the main reason that makes 

WebVOWL independent from OWL parser. The structure of JSON is different from 

the common OWL. Additionally, JSON is different from other schemas that used with 

Semantic Webs such as RDF/JSON [148] and JSON-LD [149]. VOWL-JSON file 

 
11 http://vowl.visualdataweb.org/ 

http://vowl.visualdataweb.org/
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contains properties, classes, and data types with the corresponding information of the 

ontology. Figure 5-13 shows a screenshot of WebVOWL for DPUO. 

As shown in figure 5-13, the interface of the WebVOWL is the same as 

ProtégéVOWL. Moreover, most of the ontology information will be listed in sidebars 

such as metadata, title, namespace, author(s), and description text if available. In 

contrast to ProtégéVOWL, the individuals of any elements will be listed in the sidebar 

with their link. WebVOWL has a filter used to reduce the graph and increase the 

scalability. Besides, WebVOWL can export the ontology as an image SVG that can be 

open with other applications. Finally, WebVOWL is available for free and any user can 

access it. Also, users can upload custom ontologies and explore the result of the 

visualization. 

In Web VOWL there is a filter used to reduce the size of the VOWL graphic and 

focus on specific elements and increase scalability. The disjoint information is not 

shown in visualization but only listed in the sidebar. The second filter is used to remove 

the data properties along with the data type or set operators such as complement 

operation, Intersection, and classes. The last filter is specified for instances 

(Individuals) that have been activated in the visualization in Figure 5-12 (for protégé 

application in the previous section). There is also a subclass that is connected with their 

super classes but no other classes. Most of these elements are identified as candidates 

that can be removed from the visualization without affecting the overall ontology. It is 

essential to remove a set of elements instead of filtration that removes a single element 

and is less predictable. Finally, Web VOWL allows exporting the visualization of 

ontology as an SVG image that can be viewed in other applications, with good quality, 

sharable, edit, and print. 

In this section, the visualization of the implemented ontology with two different 

tools: protégé desktop and web application WebVOWL. Both tools demonstrate the 
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usability of VOWL with different ontologies and the visualization can be easier to 

understand by everyone using ontologies. The comprehensibility of VOWL has been 

confirmed by several user studies conducted with different user groups, while its visual 

expressiveness and completeness have been tested with a DPU Ontology. Furthermore, 

the elements of the ontology are represented in a circle and rectangle connected via 

arrows. The size of the ontology is not limited. So, the visualizations are viable for a 

limited size of ontology and the visualization with a large scale of ontology is a problem 

that has not been addressed sufficiently. We have filtered and reduced the graphical 

size of the ontology. More broadly, the research needs to determine this issue to 

consider the auto and manual methods to visualize the important and appropriate parts 

of the ontology and hidden the others that are not related. Additionally, it needs to 

improve the graphical field to visualize the massive scale of the ontology. 
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Figure 5-13: Visualization of the DPUO in WebVOWL 

The next stage of the implementation is the web part, which is the system's main 

interface. To show the relationship between the individuals, object properties, and data 

properties of our ontology constructed according to the DPU structure using oriented 

programming concepts by Python. The above implementation in protégé application 

ensures that the linked data is working correctly before importing the ontology to the 

web. 
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5.5. Implementing the system on web-side  

As mentioned in section 5.1 the proposed system have two parts. In this section, the 

second part of the system will be explained in detail. The web application side is 

proposed, and the interface of the system is presented as well. The search engine based 

on the Semantic Web concept is implemented with the referenced ontology of the DPU 

where all the data (individuals, objects and data properties) are linked together.   

The proposed system of the web application side is implemented based on 

semantic concepts. The system's search engine is based on the Semantic Web and 

Linked of Data (LOD). The result of the search engine is explored and visualized. The 

explored data are linked with each other according to the ontology of the DPUO. The 

interface of the system is designed in a friendly manner to support the system.  To give 

the solution to the project's goals as mentioned in chapter one and chapter four, the 

Semantic Search Engine has been implemented as a prototype. The interface of the web 

application consists of the following parts after searching for individuals, as shown in 

figure 5-14:  

1- Search panel 

2- Dropdown list to search for specific data  

3- Object Properties (left bar) 

4- Data Properties (right bar) 

5- Data visualization (the ground) 

6- The ground 

All the explored individuals are displayed on the ground of the application and 

linked with the related object and data properties. The search panel as shown in figure 

5-14 is the main part of the web application where the users search for the individuals 

that related to DPUO, where all the resources of the system can be found from DPU 

ontology depending on the dataset of the DPU that has been cleared, fetched and 
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crawled as well. The data will be present on the ground panel; an autocomplete search 

will be displayed by the system where the data is connected and visualized with the 

related data. The system's resources are opened in the ground panel with their name or 

code specified by the system, which is taken from the ontology as displayed in figure 

5-14 (A and B). Once the user(s) click on the selected resource, it will open as a circle 

node where the selected node will be clicked, and all the related properties will appear 

on the left and right sidebar.          

  

 

 

 

 

 

 

 

 

 

Figure 5-14 A: Search Engine panel 
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Figure 5-14 B: autocomplete search (college and institute) 

Hence, the results or resources are displayed in this way where it is drawn on the 

ground panel as a node, Additionally, the node can be enlarged and shrink in the ground 

panel when the user scrolling while using a mouse, and the node can be moved to any 

position on the ground panel.  

When the resource is selected, two panels will be activated on the left and right 

side of the system. All the related information is described or defined as properties 

according to the ontology concepts. The left side panel includes the selected individual's 

object properties, where each individual has specific properties according to the related 

information based on DPUO, which is used as a dataset. The right side panel includes 

the data properties of the selected individuals.      
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Figure 5-15: selected resource 

The properties of each individual, depending on the structure of the university 

ontology will insert it. Figure 5-15 (selected resource pic name) the left side includes 

the related object properties of the selected individuals (Adel Ali Hasan), where the 

object properties are DepartmetnOfStaff and isTeachedBy. The right side consists of 

the chosen individual's data properties, which depend on the related data as well. In 

case any resource or individual is searched the selected individual can be removed by 

pressing the cross sign (X) on the top right sidebar or refreshing the web page. As a 

result, all the related data and object properties of that node will be removed.    

The toolbox, which is located on the right-hand side of the window, consists of 

each individual's data properties. The data properties are: Name, E-mail, Code, Phone 

Number, Bdate, and URL. The toolbox is shown in figure 5-16 (data properties for 

individuals), where all the data properties are taken from the staff portal that are related 

to DPU, as explained in the methodology chapter. The data name, is used to display the 

individual's name. This data property is essential when the user selects the node 

(individual) the name of that node will be displayed. One of the important data is the 
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URL, of the selected individual; if the user click on the URL the staff portal or the 

website of the chosen individual will be displayed as a web page as shown in figure 5-

16.     

 

Figure 5-16: Data properties of individual 
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Figure 5-17: web page of the selected individual 

The toolbox of the left side contains the object property of the selected individual. 

Each individual's property depends on the object properties of our ontology of DPU, 

where each individual has different object property. The object properties' details will 

be explained in the next section (section name (suggested to be test case) and number). 

An example will be displayed, the object properties of the individual are shown in figure 

5-17.  
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Figure 5-17: Object properties of the selected individual 

 As shown in the Figure 5-17, the left sidebar is the object properties of the selected 

individual, where the selected individual is an academic staff and the object properties 

of that individual are: in which department she/he is teaching (DepartmentOfStaff) and 

the second property is which course she/he is teaching (isTeachedBy). The selected 

individual, (as shown in figure 5-17 the concept of LOD) has been applied when we 

click on any related object property the link will be created with the name of 

relationship or object property of the individual. In our system, there are four cases to 

select or search for the individual which are college & institute, department, course, 

and staff. Where each case has his specific data and object property. The object 

properties' toolbox is important to get the related object between the individuals 

quickly, where the related data will be connected together.   

5.6. Tests and Validation:  

Testing is one of the essential points to evaluate or assess any system, to find if the 

system fulfills the requirements or not. In other words, testing is to implement or 

execute the system to find if there are any errors, mistakes, gaps, or missing 

requirements. In this section, many of the experiments have been taken based on system 
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cases, where the system is implemented in two different technologies which are: client-

side and server-side. Most of the system, is depending on the machine to perform, so, 

different machines are used to perform the system. The user will search to find specific 

information depending on his selection, such as Staff, Course, College or Institute, and 

Department. Different computing devices are used to perform the system, The 

platforms are:  

Table 5-1: platforms used to test the system 

Platform 

code 

Model Processor RAM Hard Disk OS Browser 

P1 ASUS 

Computer 

Workstation 

Intel Core 

i-7 5500 

CPU@ 

2.40GHz 

8 GB 1 Tera Windows 

10, 64 bit 

Google 

chrome 

P2 Azur 

Clouding 

computer 

vCPU 1 3 GB 20 GB Windows 

(Windows 

10 Pro) 64-

bit 

 

Google 

chrome 

P3 MacBook Pro 2.2 GHz, 

Intel Core 

i7, 4 cores  

 

16 GB 

DDR3  

 

256 SSD  

 

MacOS 

High Sierra 

V. 10.13.2  

 

Google 

Chrome 

V63, 64-bit  
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5.6.1. Test case 1 

In this case of the test, the system of targeted resource is the Duhok Polytechnic 

University staff, where the first resource is taken for the testing is the academic staff of 

DPU. Where the number of properties is different from staff to others depending on 

her/his connection with other individuals. The relationship between the target 

individual is recorded in each platform, where the time is taken for each individual 

(resource) to load, overall time, content download, queuing time, initial connection and 

waiting time (TTFB) as shown in table 5-2 (the targeted resource of this case is the 

academic staff and the individual is Adel). When the user search for the interested 

individuals in a staff section, the name will appear and will be clickable, then the 

individual is inserted into the ground of the system as a node.  

 Suppose the individual Adel is inserted into the ground of the system. In that 

case, the number of the individual's connection depends on the object properties of the 

individual taken from DPU12, DPU staff13, and Moodle of DPU14 as the main 

referencing to apply LOD and Semantic Web concept. As shown in figure 5-18, the 

number of the object properties is 4 and each of that property has more than one 

connection. For example, when we click on the property information and network 

security this property will be connected to related properties as shown from figure 5-18  

there are 8 In and Out connection from and to the individuals Adel. Moreover, when 

the user clicks or selects one of the connecting links with the selected individual, the 

properties of that node will be added to the system as well. The time that need it for this 

case to be done is shown in table 5-1 With three different platform.  

 
12 https://WWW.dpu.edu.krd/ 
13 https://staffportal.dpu.edu.krd/ 
14 https://moodle.dpu.edu.krd/ 

https://www.dpu.edu.krd/
https://staffportal.dpu.edu.krd/
https://moodle.dpu.edu.krd/


  

136 
 

 

Figure 5-18: Test case 1 staff 

5.6.2. Test case 2 

In this case, the focus will be on the college or institute searching in this system. In this 

case the selected resource is Duhok Technical Institute (DTI). As shown in 5-19 , the 

number of connections or related departments to Duhok Technical Institute is eight. 

These departments are categorized as object properties. Additionally, where each 

department has more than one In and Out connections with the related object and data 

properties, as shown in figure 5-19.  
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Figure 5-19: Test case2 College or Institute 

As shown in the above Figure 5-19, some of the crucial connections are observed 

between the DTI and the departments related to it. Where each resource has a 

connection with the related object. For example, figure 5-19 shows that the related 

department to DTI are connected with it, and the individual (Azad) in the nursing 

department is one of the object property for the related department which is the nursing 

department; he has two connection with the nursing department, the first one is teaching 

the course that related to that department, the second connection is Azad is an academic 

staff in that department. The time that needs it for this case to be performed is shown 

in table 5-2 with three different platforms. The number of the properties and In and Out 

connection for each department as a resource that related to DTI is listed in table 5-2: 
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Table 5-2: Resources with the related properties and their connections 

Resource name No. Of object properties In and out connections 

Information Technology 30 90 

Road Construction 15 45 

Surveying 22 66 

Pharmacy 37 111 

Medical Laboratory 

Technology 

15 45 

Nursing 23 69 

Mechanics 2 4 

 

Table 5-2 shows most of these resources related to DTI have 3 connections or 

more depending on their instances relationship. The only instances with fewer 

properties and connections because of the department information are not complete 

from the Moodle and DPU website. Graph 5-20 as an example to shows the connection 

of each node. For example, the node (Ziyad) has two different connections: the first one 

is as StaffofDepartment, one of the object properties for Road Construction node. The 

second connection is isTeachedBy as an object property connected with the TRAFFIC 

ENGINEERING course. Moreover, to show the validation and scalability for this case, 

figure 5-21 illustrates a big number of the connection between the college and institute 

section's instances and properties.  
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Figure 5-20: node connection to the related department and courses
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Figure 5-21: 30 nodes In and Out connection
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5.6.3. Test case 3: 

In this case, the focus will be on the department as the primary resource. The nursing 

department from DTI has been taken as a resource. The number of properties related to 

this resource is twenty-four, where three of them are the academic staff and the others 

are the nursing department's course. In addition to that, all of the properties have a 

different connection with the main resource as a Nursing department from DTI. For 

instance, a MEDICAL MICROBIOLOGY as a course related to the nursing department 

is taught by Azad as one of the nursing department's academic staff. The node nursing 

is connected to Duhok Technical Institute as a CollegeOf which is one of the object 

property.  

Figure 5-22 show some of the connections to the nursing department as a main 

resource in this case.    

 

Figure 5-22: Test case 3, Department connections 
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5.6.4. Test case 4: 

In this case, the focus will be on the course as the main resource. The course information 

and network security from the Technical Informatics College of Akre (TICA) have been 

taken for this case. Figure 5-23 show the main connections with the Information and 

Network Security (INS) that have been selected in this case. The object property (Adel) 

is connected to the INS node as isTeachedBy property. Where INS course is one of the 

courses of the Information technology department. Moreover, other properties are 

related to INS such as OfferingDuring and SemesteIntake these two properties are 

categorized as object properties, and Name, code, and URL are data properties. All the 

details are shown in figure 5-23: 

Figure 5-23: Test case 4, course as the main resource 
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5.7. Discussion of the result: 

The results of the experiments for all the cases are presented in this section for the 

online host on the public IP15, the results are appearing only on the online host because 

on the local host we will lose the connection between most of the staff as taken form 

DPU portal, where the test is applied on different platforms, as mentioned in section 

5.6.   

Table 5-3: Test cases on different platforms 

 

T
es

t 
n

o
. 

R
es

o
u

rc
e 

n
a
m

e
 

N
o
. 
o
f 

P
ro

p
er

ti
es

 

C
o
n

te
n

t 

D
o
w

n
lo

a
d

in
g
 

ti
m

e/
m

il
li

se
co

n
d

 

Q
u

eu
in

g
 t

im
e 

In
it

ia
l 

C
o
n

n
ec

ti
o
n

 

W
a
it

in
g
 T

T
F

B
 

O
v
er

a
ll

 

ti
m

e/
m

il
li

se
co

n
d

 

S
T

A
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F
 P1 Adel 4 12.76 1.02 183.83 115.5 313.11 

P2 Adel 4 5.74 1.09 1.77 89.63 98.23 

P3 Adel 4 7.56 1.01 54.56 120.6 183.73 

      26.06 3.12 240.16 325.73 595.07 

C
O

L
L

E
G

E
 A

N
D

 I
N

S
T

IT
U

T
E

 

P1 

Duhok 

Technical 

Institute 

8 15.15 1 175.24 232.43 423.82 

P2 

Duhok 

Technical 

Institute 

8 2.51 0.99 3.56 113.54 120.6 

P3 

Duhok 

Technical 

Institute 

8 13.3 0.9 170.2 140.25 324.65 

      30.96 2.89 349 486.22 

 

 

 

869.07 

 

 

 

 

 
15 http://40.85.176.142/#  

http://40.85.176.142/
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D
E

P
A

R
T

M
E

N
T

 
P1 

Nursing-

DTI 
26 25.39 0.95 350.21 300.5 677.05 

P2 
Nursing-

DTI 
26 5.12 1.19 2.16 348.54 357.01 

P3 
Nursing-

DTI 
26 25.01 0.85 120.23 400.25 546.34 

       55.52 2.99 472.6 1049.29 1580.4 

C
o
u

rs
e
 

P1 

Informati

on and 

Network 

Security 

4 14.2 0.98 198.29 252.76 466.23 

P2 

Informati

on and 

Network 

Security 

4 2.7 1.17 1.82 72.39 78.08 

P3 

Informati

on and 

Network 

Security 

4 10.21 0.84 85.5 130.41 226.96 

   

  

  27.11 2.99 285.61 455.56 771.27 

  

Table 5-3 show the fact data of the different resources from the Owlready 

endpoint. The presented data in table 5-3 is the number of properties in each case, 

overall time, content downloading, queuing time, Initial connection, and Waiting 

TTFB. As shown in Figure 5-24 shows the timing information.  
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Figure 5-24: Timing information 

When the request is sent to the server the downloading time is taken from the 

networking. Each node or individual has a group of object properties that need to 

download it and spend the time to receive the responded data. Then, each node's request 

is queued to wait for the user to select the target properties and make the connection 

between them. The initial connection is the taking time between the TCP and SSL 

including handshakes and negotiating. To verify the connection between the related 

nodes is shown in four cases. The waiting time for the server to deliver the response is 

known also as Time To First Byte (TTFB). The last time taken is the overall time, where 

all the time that is taken is measured by a millisecond.  

 It can be seen from the table 5-3, most of the time is different for each platform's 

same resource. Because each platform uses a different mechanism to complete their 

procedure. Moreover, as shown in the table that the platform P2 is better than other 

platforms where the overall time is less than others in all cases. Nevertheless, the 

content downloading time depends on the number of relations between each resource's 
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object properties. For example, the individual Adel in case 1 has four properties and the 

downloading time is 12.76 milliseconds in platform P1 and 5.74 milliseconds to 

download the content in platform P2 the same resource. While the queuing time for all 

platforms in four cases is mostly between 1-2 milliseconds.  

 The most important time in this project is the initial connection because the 

system is based on the semantic concepts and LOD to link the related to each other. As 

shown from the table 5-3, resource 1 (test 1) in platform P1 that the initial connection 

is 183.83 milliseconds, while the same resource in platform P2 is 1.77 millisecond and 

54.56 in platform P3. Despite that, the number of properties are equal but their 

connection time is different and this might be due to different properties for each 

platform. As it is obvious, the overall time for resource 1 in platform P2 is less than 

others where all the procedure is done in 130.84 milliseconds. The main reason that the 

P2 is faster than the other is that P2 is an online computer from Azure and all the data 

were taken from the DPU website and staff portal as an online repository. Regarding 

the waiting time, as shown in table 5-4 that the waiting time is different from each 

platform to others where as P2 is less than the P1 and P3 because the latency time in P2 

is less and receiving the response from the server is faster.  

 In cases 2, as shown in table 5-3, the queuing time is relatively equal to 1 

millisecond.  As revealed in case 2, the downloading time in P1 and P3 is quite equal 

to 15 milliseconds while P1 is less than P1 and P2. The result of the initial connection 

is much higher because the number of properties is 8 where the connection takes more 

time to link and download the related data and object properties for the node in case 2. 

Even the waiting time is much greater than case 1 because downloading and connecting 

the related data takes more time because the number of the node's connection has an 

influence on the time.  
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Table 5-4: Total for each case 

 

Content 

Downloa

ding 

time/mill

isecond 

Queuing 

time 

Initial 

Connecti

on 

Waiting 

TTFB 

Number 

of 

Properti

es 

Case no.  

Case 1 26.06 3.12 240.16 325.73 4 

Case 2 30.96 2.89 349 486.22 8 

Case 3 55.52 2.99 472.6 1049.29 26 

Case 4 27.11 2.99 285.61 455.56 4 

         

 Table 5-4 present the total time in each case, and it is clear from the above table 

that the overall time for case 1 and case 4 in downloading content is near to each other 

because the number of the properties is four in each case, mostly depends on the number 

of the connection between the properties in each case. It is clear from the above table 

that the queuing time is mainly equal to 3 milliseconds. The connection between the 

related nodes in cases 1 and 2 is slightly different because the number of properties are 

equal. However, case 3 is greater than cases 1,2, and 3 because of the number of 

properties in 26. Regarding the waiting time, case 3 is spending more time because it 

has many properties, which is 26.  

 The link and connection between the related data influence the time because it 

depends on the related nodes where the relation and linking between the nodes take 

time to be created and connected with each other, which affects the machine's 

specification. As shown in Figure 5-25 the overall time in all cases and it is clear that 
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the platform P1 spending more time in all cases, this means that the performance of P1 

is worst than P2 and P3. It takes 313.11, 423.82, 677.05, and 466.23, respectively to 

complete the procedure in each case. On the other hand, the platform P2 has better 

performance than others because it is hardware and software specifications where it 

completes the procedure in less than one second. But the platform P2 in case 3 the 

overall time is greater than other cases because the number of properties in greater than 

other cases.   
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Chart 1: overall time for case 1 

 

Chart 2: overall time for case 2 

 

Chart 3: overall time for case 3 

 

Chart 4: overall time for case 4 

Figure 5-25: overall time for P1, P2 and, P3 in four cases
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5.8. Validation: 

The system is investigated and tested to meet the goals of the Software Development 

Life Cycle (SDLC), where the system met all the requirements of the system design 

and operate it smoothly. The system responds to all kinds of the queries without any 

bugs or software error. The system has been tested with four different cases based on it 

to search about the (staff, courses, college or institute, and department). All the cases 

met the system requirements and all the linked data investigated. On the other hand, 

some nodes like (staff) are not linked to the related properties because of the data and 

the information is not entered to Moodle as LMS of DPU. 

          

5.9. Comparison with other systems: 

According to the system design, depending on the proposed system as explained in the 

methodology chapter. Comparing two systems based on their system design and 

presenting and processing the data shows the difference between these two systems. 

The system that compared with the current system is IBRI-CASONTO: Ontology-

based semantic search engine. The current system is designed to achieve the 

contributions of the proposed system, where these contributions do not exist in other 

systems and with the compared system as well. In this section, a comparison in detail 

will be explained in terms of tools, programming language, domain, field, visualization, 

ontology, and linking of data. 

 Both systems are based on the Semantic Web concepts and followed an ontology 

but with different tools. The IBRI-CASONTO [150] depending on the ontological 

graph-based for only one college which is applied science, which is limited only for 

one institute. On the other hand, the DPUO system is the current one applied to the 

DPU where it has eight campuses and more than forty departments which is better than 

other systems in the number of institutions.  
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 Regarding the ontology building, the IBRI-CASONTO system depends on the 

graphical ontology using an application called protégé. This method takes more time 

and causes a collision between the individuals object, and data properties. In contrast, 

the current system constructs an ontology-based on ontology-oriented programming 

using Python as the main language programming. The classes and individuals in the 

ontology will be constructed automatically with a high level classification in DPUO 

with three different domains: e-learning, staff portal, and the DPU website.  

 Indexing the data is one of the essential concepts in search engines. To retrieve 

the data from the dataset and the ontology faster and efficiently in IBRI- CASONTO 

indexing their data using Jena TDB and RDBMS MySQL, where two techniques used 

for indexing the data make the indexing process more complicated where this database 

used to analyze the documents and index it. On the other hand, the current system used 

a DBMongo is used to store the data as a database in a JSON, which is better than the 

traditional module. The current database module is used to analyze the text and link the 

related data with each other. 

 The Semantic Web concept's searching process is one of the important points 

because both systems are based on the semantic search concept. Another point of 

searching is to find the exact information using different mechanisms and techniques.   

In [150] the searching procedure is based on keywords, where these keywords 

send the request to a server called apache Jena Fuseki. This server provides only one 

kind of query, which is called SPARQL. But the current system has a different 

procedure to search and find the exact information. The searching of this system is 

based on Semantic Web concepts. The proposed search engine filters the unrelated 

documents, clear the web pages, matches the data with the RDF or OWL file of the 

ontology, and links the related information between the individuals, object and data 

properties. The searching is categorized into four parts (staff, course, department, and 
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College or Institute). The users' query will be processed into a query analyzer, which 

then inserts it to TF-IDF Algorithm, which is used for search ranking. TF-IDF algorithm 

will fetch, match, and record the user's query from the indexer. The algorithm results 

will be inserted into result analysis, which is matched with the RDF or OWL ontology 

file to create the linked data concept between the instances, data, and object properties. 

Eventually, the result of the responses of the users will be visualized and linked between 

the related data. In the proposed system, there are two types of documents that are aimed 

at the system, which are HTML and XML documents that include the main information 

of the DPU website. The XML page is more flexible to retrieve the retrieval information 

from it, which is used widely in the semantic to retrieve the information. This system 

does not focus on the content of the DPU website's documents such as (DOC, PDF, 

PPT, etc.).  

 Regarding the visualization, the result of the IBRI- is not visualized just 

presented as a web page or text. But in the current system, the result is presented as a 

node and visualize it to show the search engine results in the proposed system 

interactively, visualization of the data we used the Vju javascript library. The search 

engine results in our system consist of nodes and links between them according to it is 

relationships based on DPUO ontology. As it is clear that the nodes' visualization looks 

like a network with the group of nodes connected and the data displayed in a 3D view. 

Additionally, the current system's data is linked with the related object properties for 

each node because this system applied a LOD concept to connect between the nodes. 

The current system used more filtration on the targeted data where the extra data will 

be removed and extract the primary information. Crawling and parsing are applied, 

which makes the system more accurate and efficient to find an accurate data and 

information based on the semantic search concept. Both systems are shown in Figure 

5-26 and 5-27 with the details
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Figure 5-26: IBRI-CASONTO system stages 
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Figure 5-27: The main stages that the systems working through
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5.10. Evaluation 

To evaluate the proposed system a survey has been conducted. The System Usability 

Scale (SUS16) is used to evaluate the system. SUS is a tool that is used to evaluate the 

usability and the metric of the survey is reported to evaluate the system. The level of 

the scores in SUS is from 0-100; whenever the range is high the level of the efficiency 

is good [151].  

 The system is uploaded it as an online host using public IP from Microsoft Azure 

as a cloud server. The users first have to use the system and surf on it, to start evaluating 

the system. The survey of the system is made by Google form as an online, the users 

can reach the survey from the system as well to give an opportunity to all the users and 

get the feedback from most of the users worldwide. The usability and human interaction 

of the system will be realized through this survey by the users. The survey was 

published for the public for 30 days to get more feedback from (01-07-2020) to (01-08-

2020).  

 The survey has two parts, part one includes some questions related to the users 

to create a simple profile. The questions were: user affiliation, academic ranking, 

Degree, and Postgraduate student. The second part of the questionnaire is the SUS's 

standard questions, which includes 10 questions. The options of the questionnaire will 

show the satisfaction of the user or not. The SUS questions are listed below: 

Q 1. I think that I would like to use this system frequently. 

Q 2. I found the system unnecessarily complex. 

Q 3. I thought the system was easy to use. 

Q 4. I think that I would need the support of a technical person to be able to use 

this    

        system. 

Q 5. I found the various functions in this system were well integrated. 

Q 6. I thought there was too much inconsistency in this system. 

 
16 https://en.wikipedia.org/wiki/System_usability_scale     

https://en.wikipedia.org/wiki/System_usability_scale
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Q 7. I would imagine that most people would learn to use this system very 

quickly. 

Q 8. I found the system very cumbersome/awkward to use. 

Q 9. I felt very confident using the system. 

Q 10. I needed to learn a lot of things before I could get going with this system. 

For a reliable assessment for the proposed system, and to have an acceptable 

evaluation, System Usability Scale (SUS) has been used. SUS is a reliable tool used to 

evaluate application usability and represents a self-reported survey metric. Scale of 

SUS scores is a 100.00 scale, which refers to the higher level of effectiveness, 

efficiency, and satisfaction in using the system. In order to add variations to the 

provided questionnaire, ten questions are depended for questionnaire form that show 

average user satisfaction or dissatisfaction on a five-point scale. The question value will 

be one of these levels (Strongly Agree=5, Agree=4, Neutral=3, Disagree=2, and 

Strongly Disagree=1) as shown in Table (5-5). The odd-questions are positively worded 

and the even-questions are negatively worded [38]. Each odd question's value will be 

subtracted by 1, while the value of even question will be subtracted from 5. This to 

make values be ranged between (0 to 4). The final evaluation of each user will be 

obtained by getting a summation of values of all his/her answers. Then, these values 

multiplied by 2.5 to be calculated from 100 as shown in Table (5-6). The final 

evaluation of the questioner process is calculated by taking the average evaluation of 

all users, as shown in Table (5-7). 

There were (92) of the system’s users participated with the testing and evaluation 

processes of the proposed system on SUS. The system testing was performed for a 

period of (30 days) from (01/08/2020) to (01/09/2020). 

This questionnaire's primary purpose is to evaluate the usability of the proposed 

system, including effectiveness, efficiency, and satisfaction from the system’s user 

viewpoint. The evaluation process helps to find the current system's strengths and 

weaknesses to collect data for the investigation. 
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Table 5-5: SUS scores by the proposed system participants. 

Participants Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 
Final 

Value 

User1 4 2 4 3 4 2 4 2 4 2 72.5 

User2 4 2 5 2 4 1 4 2 5 3 80 

User3 4 2 3 2 4 2 3 2 4 2 70 

User4 4 2 4 2 4 3 4 2 4 2 72.5 

User5 4 2 4 2 4 2 3 2 4 2 72.5 

User6 4 4 4 3 4 2 3 2 3 3 60 

User7 4 2 5 1 4 2 5 2 5 2 85 

User8 5 2 4 2 5 1 5 1 5 2 90 

User9 4 2 4 1 4 2 4 2 4 2 77.5 

User10 4 3 5 2 5 1 4 2 4 2 80 

User11 4 2 4 2 3 2 4 2 3 4 65 

User12 5 2 5 2 4 2 4 1 4 3 80 

User13 4 2 4 2 4 2 4 2 4 2 75 

User14 3 3 3 3 4 2 4 2 3 3 60 

User15 4 2 4 2 5 1 4 2 4 2 80 

User16 4 2 4 1 4 3 4 2 4 4 70 

User17 4 3 4 3 4 2 4 2 4 3 67.5 

User18 3 3 4 3 3 3 3 3 3 3 52.5 

User19 4 2 5 2 5 3 5 2 4 3 77.5 

User20 5 4 4 4 4 4 5 1 5 5 62.5 

User21 3 4 4 3 2 3 3 3 4 4 47.5 

User22 4 3 4 2 4 2 4 2 4 2 72.5 

User23 5 3 4 4 4 2 4 2 3 3 65 

User24 4 1 4 4 4 2 3 2 5 2 72.5 

User25 5 1 1 5 2 2 4 2 4 4 55 

User26 3 4 2 4 3 4 3 4 2 2 37.5 

User27 4 2 4 2 3 2 4 2 4 2 72.5 

User28 3 3 3 4 4 2 4 2 4 4 57.5 

User29 4 3 4 3 5 2 4 2 4 4 67.5 

User30 3 3 2 4 2 4 3 4 2 4 32.5 

User31 3 3 3 2 3 3 4 3 3 3 55 

User32 4 2 4 3 4 2 4 2 4 3 70 
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User33 3 3 3 3 4 3 4 3 4 3 57.5 

User34 3 3 4 3 4 2 4 3 4 2 65 

User35 4 2 4 2 4 2 4 2 4 3 72.5 

User36 4 3 5 2 5 1 4 2 5 2 82.5 

User37 3 3 4 3 4 2 4 2 4 3 65 

User38 4 2 4 2 4 1 5 2 4 2 80 

User39 5 2 5 2 4 2 4 2 4 2 80 

User40 3 2 4 2 4 2 4 2 4 2 72.5 

User41 5 1 4 2 4 2 4 2 4 2 80 

User42 5 2 4 2 4 1 4 2 4 2 80 

User43 5 2 5 2 5 2 4 2 4 2 82.5 

User44 4 2 4 2 4 2 4 2 4 2 75 

User45 4 3 3 2 4 3 4 3 4 3 62.5 

User46 4 2 4 3 4 2 4 2 4 2 72.5 

User47 5 1 5 1 5 1 5 1 5 1 100 

User48 4 2 4 2 4 2 4 2 4 2 75 

User49 3 2 4 2 4 2 4 2 4 2 72.5 

User50 4 3 5 2 4 2 4 2 4 2 75 

User51 4 2 5 2 4 2 4 3 4 3 72.5 

User52 5 1 5 1 5 1 5 1 5 1 100 

User53 4 2 4 2 4 2 4 2 4 2 75 

User54 4 2 4 2 4 2 4 2 4 2 75 

User55 5 2 5 2 4 2 4 2 4 2 80 

User56 4 2 4 2 4 2 4 2 4 2 75 

User57 4 2 4 2 4 2 4 2 4 2 75 

User58 5 2 4 4 4 2 4 2 4 2 72.5 

User59 4 2 4 2 4 2 4 2 4 2 75 

User60 4 2 4 2 4 2 4 2 4 2 75 

User61 4 1 4 2 4 2 4 2 4 2 77.5 

User62 4 2 4 2 4 2 4 2 4 2 75 

User63 4 2 4 2 4 2 4 2 4 2 75 

User64 4 2 4 2 4 2 3 3 4 2 70 

User65 4 2 4 2 4 2 4 2 4 2 75 

User66 4 2 4 2 4 2 4 2 4 2 75 
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User67 4 2 4 2 4 2 4 2 4 2 75 

User68 4 4 4 2 5 2 4 2 4 2 72.5 

User69 4 2 4 1 4 2 4 2 5 2 80 

User70 5 2 4 2 4 2 4 2 4 2 77.5 

User71 4 2 5 2 4 2 4 2 4 2 77.5 

User72 4 2 4 2 4 2 4 2 3 2 72.5 

User73 4 2 4 2 4 2 4 2 4 2 75 

User74 4 2 4 2 4 2 4 2 4 2 75 

User75 4 2 5 2 5 1 4 1 4 1 87.5 

User76 4 2 4 2 4 2 4 2 4 2 75 

User77 4 2 4 2 4 2 4 2 4 2 75 

User78 4 2 2 2 4 2 4 2 4 2 70 

User79 5 1 5 1 5 2 5 2 4 2 90 

User80 4 2 4 2 4 2 4 2 4 2 75 

User81 4 2 4 2 4 2 4 2 4 2 75 

User82 4 2 4 2 4 2 4 2 4 2 75 

User83 4 2 4 2 4 2 4 2 4 2 75 

User84 5 2 4 2 4 2 4 2 4 2 77.5 

User85 4 2 4 2 4 2 4 2 4 2 75 

User86 4 2 4 2 5 1 5 1 4 2 85 

User87 4 2 4 2 4 2 4 2 4 2 75 

User88 5 2 2 2 4 2 4 2 4 2 72.5 

User89 5 2 4 2 4 2 4 2 4 2 77.5 

User90 5 1 4 1 5 2 4 2 4 1 87.5 

User91 3 3 3 3 3 3 3 3 3 3 50 

User92 3 2 4 2 4 2 4 2 4 2 72.5 
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Table 5-6: SUS score by the proposed system participants 

Participants SUS 

Score 

Participants SUS 

Score 

Participants SUS 

Score 

User1 72.5 User32 70 User63 75 

User2 80 User33 57.5 User64 70 

User3 70 User34 65 User65 75 

User4 72.5 User35 72.5 User66 75 

User5 72.5 User36 82.5 User67 75 

User6 60 User37 65 User68 72.5 

User7 85 User38 80 User69 80 

User8 90 User39 80 User70 77.5 

User9 77.5 User40 72.5 User71 77.5 

User10 80 User41 80 User72 72.5 

User11 65 User42 80 User73 75 

User12 80 User43 82.5 User74 75 

User13 75 User44 75 User75 87.5 

User14 60 User45 62.5 User76 75 

User15 80 User46 72.5 User77 75 

User16 70 User47 100 User78 70 

User17 67.5 User48 75 User79 90 

User18 52.5 User49 72.5 User80 75 

User19 77.5 User50 75 User81 75 

User20 62.5 User51 72.5 User82 75 

User21 47.5 User52 100 User83 75 

User22 72.5 User53 75 User84 77.5 

User23 65 User54 75 User85 75 

User24 72.5 User55 80 User86 85 

User25 55 User56 75 User87 75 

User26 37.5 User57 75 User88 72.5 

User27 72.5 User58 72.5 User89 77.5 

User28 57.5 User59 75 User90 87.5 

User29 67.5 User60 75 User91 50 

User30 32.5 User61 77.5 User92 72.5 

User31 55 User62 75   



  

161 
 

Table 5-7: Final SUS scores by the proposed system participants 

 
Participants Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Final 

Value 

Average 4.054 2.207 3.978 2.239 4.022 2.043 3.99 2.07 3.967 2.315 72.853 

  

Figure (5-28) shows that high scores have been recorded at the positive 

questions, while the negative ones produced lower values. This graph's results 

represent the main survey results of (92) users who participated in the 

proposed system testing and evaluation. This graph produces more 

understanding of the system test and usability assessment, representing the 

user’s opinions on the system's usability issues. 
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Figure 5-28: Mean survey result (N=92) 

The results presented in Table (5-6) browse that the minimum SUS 

score is (32.5), and the maximum score is (100). However, according to the 

mean of SUS scores, it can be concluded that the provided system is generally 

perceived to be acceptable depending on the SUS total score which is 
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(72.853). Depending on the results obtained from the evaluation process, the 

following important points can be concluded: 

● Depending on question (1), which has a score of (4.054 of 5.0), the 

users liked to use the proposed system frequently. This is a high score 

and a good result. 

● Depending on question (2) which scored (2.207 of 5.0), the users faced 

unnecessarily complex. This is a low score and represents a good result. 

● Depending on question (3) has a score of (3.978 of 5.0): it means that 

the users thought the proposed system is easy to use. This is a high score 

and a good result. 

● Depending on question (4) has a score of (2.239 of 5.0): it means that 

the users would need assistance to use this website. This is a low score 

and represents a good result. 

● Depending on question (5) has a score of (4.002 of 5.0), the users found 

that various functions in the proposed system were well integrated. This 

is a high score and a good result. 

● Depending on question (6) has a score of (2.043 of 5.0): it means that 

the users found too much inconsistency in the proposed system. This is 

a low score and represents a good result. 

● Depending on question (7) has a score of (3.989 of 5.0), the users 

imagined that most people would learn to use the proposed system very 

quickly. This is a high score and a good result. 

● Depending on question (8) has a score of (2.065 of 5.0), the users found 

that the proposed system is cumbersome to use. This is a low score and 

represents a good result. 
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● Depending on question (9) has a score of (3.967 of 5.0): it means that 

the users felt very confident using the proposed system. This is a high 

score and a good result. 

● Depending on question (10) has a score of (2.315 of 5.0): it means that 

the users needed to learn many things before they are able to procees 

with the proposed system. This is a low score and represents a good 

result. 
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Chapter Six: 

6.  Conclusion and Future Work Suggestions 

6.1. Conclusions: 

To conclude, this thesis worked on two main pivots. The first pivot is the E-

learning management system of DPU. The second one is the search engine 

based on SW and LD concepts. Where the ELS of the DPU did not have an 

ontology and weaknes in searching procedure. In this section, the main 

contributions of this thesis are addressed and highlighted:  

a. The current ELMS' main issues are the enormous number of resources, 

lack of enabling the information, and time limitation. It is vital to apply 

a mechanism for ELMS in a way that the information and resources can 

be accessed and reused. SW is a technology used to improve ELMSs, 

share, reuse the info quickly, flexibly, and in a personalized way. To 

make the communication between the people and machine effective, 

SW depends on Ontology. The ELMSs that applied SW should be 

accessed to different E-learning communities such as academic 

institutions and training programs.  

b. Many ELSs were reviewed, and none of them had a specific ontology, 

where most of them were depending on standards such as (IEEE …..). 

Some similarities of the systems are shown, but in this work, a focus 

was on some differences. An ontology of the proposed system has been 

built using Ontology-Oriented programming by Python as the primary 

language. The Owlready module is used to present the objects of the 

ontology. Python language is used to classify the ontology classes, and 

Flask is used to develop the web's side in the proposed system. The data 
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of the proposed approach is uploaded into DBMongo as a clouding 

datastore. Where Whoosh is used to index the data of the system. The 

programming ontology ELS using Python is very rare. Ontologies are 

used widely in E-learning, but most of them use a structured ontology. 

There was no solution to access the structured ontology. There was no 

solution to access the ontology based on OWL using Python instead of 

Owlready, which has been used mostly in the medical ontology.  The 

systems ontology is uploaded in Protégé application to check if there is 

any collision between the classes, individuals, and properties (Object 

and Data) using HermiT Reasoner to ensure that the ontology is 

consistent.  

c. A massive number of the ELS documents are published on the web. 

The amount of the data is giant, so, this will cause a problem to find 

related data and information. Filtration of the documents is one of the 

contributions of this work. therfore, the proposed search engine based 

on SW technology plays a crucial role in finding the relevant 

information and split the irrelative data. The search engine  based on 

the SW will help the users find the related data, where this search 

engine follows the structure of the ontology for DPU.   

d. Moreover, finding information is not enough for those who understand 

SW, so, the semantic search engine results are linked together based on 

Linked Data concepts, which is one of the crucial points. The 

application used a javascript and Python to link the related data. 

Additionally, the corresponding data is visualized using the Vju library 

to make it much clear and the interface more friendly. The system is 

measured using three different platforms, where the result of the test 
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was excellent. A survey was employed based on System Scalability 

Scale (SUS) questions. The result of the survey was acceptable. 

 

6.2. Future works 

In this thesis, the work has been conducted to study the problems that facet E-

learning based on SW technology. There are some limitations encountered in 

this study, they must be hinted. Also this study propose some recommendation 

for future works;  

a. The ELS of the DPU has been based on Moodle as the primary platform 

for the e-learning framework. So, it made the ELS follow the Moodle 

properties. It is recommended to build and construct the E-learning 

structure based on university rules and categories. This system is 

limited only to DPU university, thus, it is recommended to connect 

more universities in the Kurdistan region to bring the ELSs under one 

roof. The ELS ontology in this research is RDF; there is a need to have 

an OWL extension as well to make it easier to engage with more 

systems based on SW. The plan is to add more features for the system, 

such as adding more datasets, adding a security feature to log in into 

the system, and adding the resources' path.  

 

b. In this work, the system's ontology showed a good performance on the 

individuals (staff is the system's ontology), also showed a good 

performance on the individuals (staff) linking. There is a need to 

develop and improve the method to establish the relationship between 

individuals such as instanceof and subclassof. Develop and query the 

systemsystem's query to answer the users'system's query to answer the 
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users' questions and add the SPARQL query to improve the finding 

method. It needs to update the ontology and the dataset of the DPU in 

an intuitive way. Because in this work, any changes on the DPU dataset, 

the crawling process needs to be done, which takes much the time. The 

ontology of this system is the ELS. In the future, it can be implemented 

in other aspects such as E-health, E-government, and others. The search 

engine of the proposed system focusing only on the individuals of the 

ontology. The information inside the ELS documents is recommended 

in the future to find the information inside the ELS documents. It needs 

to upload the proposed system's ontology as an online dataset to be 

explored by more users and researchers.      
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