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Abstract 
In the world of networks and information sharing it is valu-

able to defined agreed glossaries in specific domains. It 

would help people in the field to share information while  

same meaning for terms is guaranteed in both ends. In In-

formation Science this is possible by designing Semantic 

Webs and ontologies which are used for sharing and brows-

ing concepts. In this paper, university programmes is con-

sidered as the domain with focusing on their content. We 

have broken down the programmes and courses into subject 

concepts and build an ontology based on the structure of 

programmes in the case under study to be shared by two 

universities working together. Existing vocabularies such 

as ACM-CCS, Cognitive Atlas were selected for mapping 

the subject concepts using SKOS mapping properties  which 

made it possible to define different relations in classifica-

tion of courses. The principles of Ontology Engineering 

were applied to the use case in all the steps such as decision 

making for defining concepts in the domain as classes or 

relations. The use case of Vrije Universiteit Amsterdam 

and University of Amsterdam was chosen due to their col-

laborations. The resulting ontology is aimed to aid students 

to browse programmes and tracks to find the best study 

direction according to their interest and skills. Through this 

paper,  all the steps involved are discussed and in the end 

we analyse how the ontology can help students . 

Categories and Subject Descriptors  

I.2.4 Knowledge Representation Formalis ms and Methods 

– representation languages, semantic networks. 
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1. INTRODUCTION 
In the field of Information Science the term ontology is 

used to refer to a representation of knowledge as a set of 

concepts within a domain, and the relations between those 

concepts [3]. By the pass of time and introduction of com-

puter systems in various fields information representation 

through ontologies gained a special focus in the field of 

Computer and Information Sciences. Creat ing an ontology 

of existing concepts in a domain not only helps people in 

the field to come to agreement about used terms and con-

cepts but also it let the sharing of information and commu-

nication more efficient through computer systems while it 

makes sure the communication is done in a meaningful 

manner. According to Odell [4], main uses of ontologies 

can be listed as the followings: 

1. For communicat ion purposes 

2. To structure and organize knowledge in reusable 

artifacts 

3. To facilitate capturing semantics 

4. To enable computational inferences  

5. To drive software engineering 

Nowadays ontologies are used in various disciplines such 

as biology [25] and environmental science [26]. Different 

from hierarchical views of concepts such as taxonomies, 

ontologies can have linked or networked structures. In a 

hypothetically multi-way, concepts can be related to other 

concepts in a series of relationships [4]. Using ontologies 

also helps Web search to be conducted with higher accu-

racy due to the semantics behind their design while Web 

search engines perform their tasks on the base of syntax 

and term-matching [5]. The introduction of the Semantic 

Web and use of ontologies to represent data on the Web has 

brought many efforts on creating ontologies  in various do-

mains.  

A method to represent informat ion in the form of an onto l-

ogy is using the Web Ontology Language (OWL). OWL is 

a standard for ontology modelling and most ontologies are 

either developed from the start using OWL or have been 

translated into OWL from other formalisms. The idea of 

Knowledge Representation was implemented on the Web 

documents using XML and RDF languages where XML 

brought structure and RDF provided the means to represent 

meanings though triples  [1]. But then issues arose when 

informat ion needed to be shared. This was  when ontologies 

enter into the field to help define structure and provide a 

platform to align them and let computers compare and ma-

nipulate data further according to semantic relations be-

tween them. OWL is based on RDF. OWL provides suffi-

cient expressive richness to be able to describe the relation-

ships and structure of entire world views. 

In this paper, we have used OWL representation to the first 

three uses of Odell‟s list. Aim was to provide structured 

representation of information in the chosen domain which 

is university programmes – details in section 2 – and facili-

tate communicat ions between two universities when they 

are aligning their curriculum. Also, the semantic relat ions 

between courses are targeted to help students to get better 

understanding of programmes content and to make brows-



ing subject concepts and courses possible for curricula se-

lection for students. For the purpose of this research the 

OWL representation is considered to be a better approach 

than other data structuring techniques as we can assign s e-

mantic relations between concepts as well as structural rela-

tions. 

2. ONTOLOGY APPLICATION 
Ontologies have been applied to various domains from bio-

logical field to technology. One of the areas which are of 

interest is university domain. In this section, an overview 

on state-of-the-art is given and a problem is discussed 

which is the focus of this research. 

2.1 Ontologies for Universities 
One of the domains for which ontologies have been devel-

oped, and still are in an on-going stage, is for University. 

Not surprisingly, there are many ontologies created in this 

field. But, due to biased design of ontologies in Information 

Science, none of them fully satisfies requirements of other 

projects. Although the ultimate goal might be to have one 

ontology that can contain all concepts in a domain, but in 

every project the concentration is more o r less different 

from the other ones. Therefore, there are various ontologies 

introduced in every field including university domain. Ex-

amples of ontologies intended to describe and categorise 

concepts in universities are Institutional Ontology (IO) [7], 

Higher Eduaction Reference Ontology (HERO) [12], and 

Academic Institution Internal Structure Ontology  (AIISO) 

[8]. They include the basic structure of concepts in univer-

sities and can be used by other researchers to apply more 

concepts to them and make  them specific for their own 

purpose. Although, before using an existing ontology one 

needs to study and understand the viewpoints according to 

which data and concepts are meant to be in it. For instance, 

for the purpose of this research, the two mentioned ontolo-

gies of IO, HERO and AIISO have been studies. 

In the IO ontology, not only structure of a university is 

studied but they also considered persons involved with uni-

versities. Therefore, they have included different ro les a 

person can have and possible relations between persons and 

university sections. 

In HERO ontology, a university is described by three main 

groups of concepts, namely, Location (Campus, Labora-

tory…), Research Work  (Project, Publication…) and Role 

(Faculty, Student…). This ontology is the largest among 

the three and contains a broad description of universities. 

Although, the hierarchy of concepts stops at module level 

and details of modules are not considered. 

On the other hand, AIISO not only includes brief descrip-

tion of university sections as an organisation but also they 

focuses on knowledge groupings such as programme, mod-

ule, course … 

In this research, mult iple ontologies including AIISO have 

been studied and they are partially used. Details are dis-

cussed in section 3. 

2.2 Problem Statement 
The initial thoughts of the programme came from prospec-

tive Master‟s students who spend a lot of time searching for 

a programme to match with their interests, skills and future 

plans. There are online search engines that are specified for 

the educational programmes such as „School Finder‟ [9] but 

they are not working based on semantics. This is while 

concepts to be covered in programmes are as important (if 

not more) as factors including world rank of university, 

location and length of programmes. Therefore, it would be 

useful for student to be able to browse all concepts covered 

in a programme and also base their search for programmes 

on the concepts rather than factors which are used in syn-

tactic search engines. 

There have been efforts to design and represent structure of 

universities through ontologies. Some have also worked on 

alignment of their ontologies such as universities of Cornell 

and Washington [10]. In the given case of universities of 

Cornell and Washington, the ontologies are used for bench-

marking and comparison of alignment methods  [22]. 

In this paper, the problem of representing programmes 

based on their subject concepts is studied and the main goal 

is to structure then in the form of an ontology. The content 

of university programmes has significant value for prospec-

tive students, programme coordinators  and also current 

students. Creating ontological representation of university 

programmes would help universities to create more o rgan-

ised course catalogues that is liable to change and also 

would not only make it easier to browse concepts and make 

search queries but also would make cooperating univers i-

ties to align their curricu lum. Such ontologies can be used 

as a source for semantic search engines that can help pro-

spective student to find programmes that match their in-

quiries from their interest and skill lists  and help current 

students to make their course direction choices. 

2.3 Research Question 
With respect to the discussion in 2.2, this paper focuses on 

two main research questions given below; 

1) What material is used by prospective Master‟s 

students to review a programme? What material 

do universities prepare to represent a programme? 

2) How a unified structure of university programme 

content would benefit universities and students. 

Discussion on the initial assumptions and methods to cover 

the goal and answer the research questions  of this paper is 

given in section 3. 

3. PROCESS OVER USE CASE 
In this research, a glossary is represented that is intended to 

be non-controversial. Primary emphasis is on identifying 

the main structure of a comprehensive ontology for univer-

sity programmes. It is intended to be an accurate record of 

how common terms are currently used to refer university 

programmes and how concepts are distributed in the pro-

grammes and possibly in relation to other programmes. The 



glossary can then be used as a complementary to existing 

university ontologies that are more focused on the structure 

of universities as an organisation such as in IO [7] and 

HERO [12]. The resulted ontology can be used by search 

engines as a source to help prospective students find their 

best suited university programmes and let them explore 

concepts flowing inside and between programmes. 

In this section, the scope and domain of the paper is intro-

duced. Also, some vocabularies which have been used 

through the ontology are listed mentioning the purpose of 

using them. Then, the tool used for modelling the design 

and implementing the ontology is introduced. At last, the 

actual classes and characteristics of the ontology are pre-

sented. 

3.1 Scope 
The chosen scope for this research in focused on Master‟s 

programmes. The major motive fo r this selection is that 

prospective students of Master‟s programme pay assiduous 

attention to the details, objectives and focus of the pro-

grammes. Various articles such as the article of Ann van 

der Merwe [13] have discussed about graduation studies 

and the importance of choosing the right Master‟s pro-

gramme. In Merwe‟s article, she talked about the consid-

erations before deciding if you want to participate in a 

graduation school. Such articles confirm that values of uni-

versity programmes are more important to Master‟s stu-

dents who mostly look into Master‟s degree as a way to 

specialise their skills in a specific area. Therefore, it is of 

immense importance for them to understand the intension 

of the programme into which they would invest their time 

and money. 

Narrowing down the scope to the Master‟s level, we chose 

to concentrate the research at the Vrije University Amster-

dam (VU) [14]. Th is decision was made due to the ease of 

access to people in charge of programmes and to current 

students of programmes. To represent the programmes, 

another university is also needed to be chosen. For this 

purpose, University of Amsterdam (UvA) [15] was selected 

due to the possibility of accessing the programme depart-

ments and also the fact that these universities work closely 

in different research areas and also make some courses 

available fo r the other university students. They have an 

on-going collaboration to merge their curriculum in d iffe r-

ent programmes such as Master‟s degree in  Information 

Science where they share compulsory courses while pro-

viding two different specialisation of the programme at 

each university. Therefore, it is of importance to make sure 

both universities have the same understanding and defin i-

tion of concepts introduced in programmes.  

To meet the boundaries of resources considered for this 

research, the specification continues to precisely two pro-

grammes; Artificial Intelligence (AI) and Computer Sc i-

ence. Both programmes are at Master‟s level and are of-

fered by both universities  in English language. 

The focus of this research is to study programmes content 

structure – how subjects that are going to be covered are 

distributed in a programme and the relations between the 

subject concepts. 

3.2 Material 
To learn the semantics of programmes two sources were 

considered: 

1) The web pages on the websites of VU and UvA 

for the targeted programmes.  

2) The course descriptions given for each programme 

(study guide). 

We studied them to build a structured sheet of the existing 

data and to pick the main concepts considered for the pro-

grammes. At this stage, the data was classified according to 

the labels as followings: University, Programme, Track, 

Course State (compulsory/optional), Course Name, Faculty 

(by which the course is offered), and Course Concept List. 

A record sample is shown in Figure 1 (to fit the table in the 

column the record is shown in two rows where the yel-

low/orange fields are the labels). This table is used to de-

rive necessary concepts to be included in the ontology de-

sign. Also, later the courses are broken down into concepts 

to define the mappings to know vocabularies.  

 

 

 

 

3.2.1 Vocabularies used for concept mapping 
To design the ontology, we decided to use some standard 

vocabularies so that we can map the concepts retrieved 

from the original sources to them. This is to make the re-

trieved glossary closer to the universally recognised and 

agreed terms. It is assumed that it would enable sharing the 

resulted ontology between more universities.  

In this direction and to cover most concepts in the selected 

programmes, three vocabularies were chosen to be used for 

concept mapping.  

1) The ACM‟s Computing Classification System 

(CCS) – a classification system for the computing 

Figure 1 - Sample rows from breakdown of information 

provided in study guide of Artificial Intelligence Pro-

gramme at VU University 

 

. 

 

 



field which is commonly used to classify articles 

in the field [16]. 

2) The Cognitive Atlas (CA) – an ontology designed 

to characterize the state of current thought in cog-

nitive science [17]. 

3.2.2 SKOS mapping properties 
A third existing ontology was also used in this project 

which is SKOS. This last ontology was partly implemented 

in the design for the purpose of mapping the concepts in the 

programmes to the ones in the mentioned three vocabular-

ies. 

The properties are skos:closeMatch, skos:exactMatch, 

skos:broadMatch, skos:narrowMatch and 

skos:relatedMatch. These properties are used to state map-

ping links between concepts. The properties 

skos:broadMatch and skos:narrowMatch are used to state a 

hierarchical mapping link between two concepts. The prop-

erty skos:relatedMatch is used to state an associative map-

ping link between two concepts. The property 

skos:closeMatch is used to link two concepts that are suffi-

ciently similar that they can be used interchangeably 

in some informat ion retrieval applications. In order to avoid 

the possibility of "compound errors" when combining map-

pings across more than two concept schemes, 

skos:closeMatch is  not declared to be a transitive property. 

The property skos:exactMatch is used to link two concepts, 

indicating a high degree of confidence that the concepts can 

be used interchangeably across a wide range of information 

retrieval applicat ions. skos:exactMatch is a transitive prop-

erty, and is a sub-property of skos:closeMatch [18]. We 

have applied SKOS mapping properties to provide the pos-

sibility for further analysis on the data. If instead we would 

use equivalent property of OWL, subject concepts would 

become as one. This is while a property like 

skos:closematch shows a close relation between two con-

cepts while saving their individual value. Another discus-

sion to confirm the priority of SKOS properties is that us-

ing subclass relations in OW L can make untrue results for 

skos:broadMatch relations. For example   

3.2 Protégé – the Tool 
In this research for the design purposes „Protégé‟ – a 

free, open source ontology editor and knowledge-base 

framework [19] – was used. The ontology is implemented 

in this platform and figures used in this paper are snapshots 

of OntoGraph tab of Protégé. 

In practical terms, developing an ontology includes  [21]: 

 Defining classes in the ontology, 

 Arranging the classes in a taxonomic (subclass–

superclass) hierarchy, 

 Defining slots and describing allowed values for 

these slots. 

 Filling in the values for slots for instances. 

We can then create a knowledge base by defining individ-

ual instances of these classes filling in specific slot value 

informat ion and additional slot restrictions. 

For this project, Protégé was used to implement the design 

of classes, object properties and data properties. Classes 

represent the concepts in the domain. Object properties 

represent the relations that classes have in the domain. Data 

properties are internal informat ion that structures a concept 

class. 

In the provided graphs, straight arrows represent a subclass 

relation and also point to instances of classes. The dashed 

arrows represent relations that are defined as object proper-

ties between classes. As instances inherit the relations of a 

class, in the graphs relations are also visible at the instance 

level. The blocks with a yellow circle mark are classes and 

the ones with a purple diamond mark are instances. Sam-

ples of class and instance, sub-class relation and object 

property relation are illustrated in order in Figure 2 – a, b 

and c. 

 

Figure 2 - Protégé graph elements used in this paper for 

illustration purposes 

3.3 Development of the Ontology 
This ontology is aimed to cover concepts which a univer-

sity programme contains. This ontology can later be used as 

an extension to universities structural ontology. Here, we 

have used the use case of VU University and University of 

Amsterdam to develop the ontology basis and for data gen-

eration. In the ontology, we have included most of the es-

sential concepts involved which is explained in the follow-

ing subsections.  As for the actual data and generating it, 

the university websites and the study guides of the pro-

grammes are used. 

In addition to the main structure of programmes at univers i-

ties, ext ra classes have been included to be used for the 

purpose of classifying individuals. In this section the struc-

ture of the ontology is described in different levels and the 

rationale behind the decisions is given as well.  



3.3.1 Classes 
As discussed in section 1.3, existing ontologies have been 

partially used in this project including AIISO. In this ontol-

ogy, the university ontology has been divided into two 

main groups. The first group is entitled as Organisation and 

includes the organisational structure of a university. The 

second group is entitled as Knowledge Grouping. In 

AIISO, the knowledge level of a university is broken down 

into four classes: Programme, Module, Course, and Sub-

ject. Here, as we are using a specific use case, basically 

only the Programme and Course are taken from AIISO. But 

still the focus of this research is the Knowledge Grouping 

at universities and more classes are added to cover the use 

cases. In this sub-section classes are introduced. Also the 

design process and decisions are discussed. 

University Concept Collection – The starting point in this 

design is a class to represent all knowledge grouping pre-

sented in the design. This class, is a representation of 

skos:Collect ion and all subclasses of this class inherit this 

property with them and therefore they are also collections 

of concepts. Direct subclasses are Programme, Minor and 

Course. 

Programme – The Programme concept is studied as the 

most general collection of concepts. This is due to the main 

goal of this research in which we exp lained about the need 

for exploring programmes conceptually. Therefore, a class 

is created to let us define as much relations and concepts as 

possible that are engaged with every university programme. 

This class represents aiis:Programme. 

Track – In many cases, including the use case under study 

for this research, each programme can have different tracks. 

Each track focuses on a specific area of a more general 

domain (which is exemplified in the programme tit le). 

Tracks are represented as classes in this ontology. Instances 

of this class are the different tracks of a programme that are 

offered by universities under study. Additionally, tracks are 

defined as a meaningful collection of courses and concepts. 

Minor – At some universities the design of a programme is 

in a way that students can achieve a minor degree in addi-

tion to the major degree o f the programme they are study-

ing by taking few more courses relevant to the minor area.  

Course – A challenge faced for this class was about instan-

tiation and deciding if we need to extend the Course class 

and create subclasses for every course present in the case 

study. Some factors were involved in making the decision.  

1. In ontologies classes are used to create categories 

of concepts. 

2. Each course is a meaningful collection of con-

cepts. 

These factors may bring the thought of defining a course 

such as Advance Logic as a class or an instance. In this 

case, like all ontologies, it is important to decide what the 

lowest level of granularity in the representation is  [21]. In 

this research we paid attention on „concepts‟ and it can be 

assumed that they are the lowest level and this assumption 

is true. As the goal of this project is to relate certain courses 

such as Advance Logic to certain concepts such as modal 

logics , bisimulation … we need to also consider the relation 

they would have in the ontology. On one hand, the actual 

concepts that a course is consisted of are instances of the 

SubjectConcept class in this project. On  the other hand, as a 

general rule every course is based on some concepts. 

Therefore, to be able to relate courses and concepts we de-

fined a main class of Course and let the actual courses be 

instances of this class. In this case they inherit the main 

characteristic defined for courses and also through relations 

(object properties) they can be related to instances of con-

cepts. This case is a common concern same as defining 

Asia as an instance of Continent. The graph sample for the 

design is illustrated in Figure 5.  

This class represent blocks or collection of concepts that 

are gathered to train students in a most specific area of 

knowledge in the main domain of a programme. This  class 

represents aiis:Course. 

In ontologies that are aimed to implement course catalogue 

of universities, such as ones for universities of Cornell and 

Washington [10], subclasses are defined for Course to clas-

sify courses according to faculties. Here, we also have used 

the same approach and each class under Course represent a 

faculty in which the course is offered (faculties at each uni-

versity of VU and UvA are created separately to let us con-

duct further analysis about how much these two universities 

share). 

All four above mentioned classes are blocks that construct 

a university programme at different levels. The relation 

between these blocks is explained later in the „Class Rela-

tions‟ subsection.  

SubjectConcept – This class signifies instances of concepts 

which are the building blocks of collections. In this design 

individuals of concepts are defined in a way that they are 

distinctive – although they might have relations internally 

(more details in the “Class Relat ions” subsection). 

Other than the introduced classes some classes have been 

added to the ontology from of ACM Computing Classifica-
tion System (ACM-CCS). Th is class is followed by two 

lower layers (subclasses) each representing a class in 

ACM-CCS system and is included in the ontology to let us 

classify concepts of computing into ACM classes. Also, a 
second group of classes are included, named CogAt refer-

ring to Cognit ive Atlas ontology. Using this class and its 

subclasses, concepts related to cognitive science are class i-

fied and labelled. 

3.3.2 Relations between Classes (Object Properties) 
As In this subsection, relations between the classes are dis-

cussed. The main classes to be studies are Programme, 

Track, Minor and Course. First, these classes were studies 

in the existing university ontologies specifically in Aiiso 

and InstOntology. In Aiiso, partially used in this project, 

there is one general relation of knowledgeGrouping defined 



to express the fact that a KnowledgeGrouping may be con-

tained by another KnowledgeGrouping. Institutional Ontol-

ogy on the other hand is more focused on the roles and rela-

tions that persons can have in an educational institution 

which again is not appropriate for our purpose. Therefore, 

here relations are specifically defined for the purpose of 

this research. 

Programme and Track –Every programme may have one 

or more tracks which are also called specialisations. Each 

track is in fact a specialised programme. In other words, 

Track has a „is-a’ relation with Programme. Therefore, it is 

defined as a subclass of Programme to inherit the main 

programmes properties. But on the other hand, due to the 

fact that a programme can have more than one track a rela-

tion is defined to relate tracks to a programme.  

hasTrack – Due to the fact that an instance of Programme 

can have one or more Tracks, this relation is defined to let 

us define the relation at instance level for these two classes. 

The domain for this property is Programme and the range is 

Track. This relation has an inverse relation associated to it 
which is called isTrackOf. These two object properties 

have alternative labels as well; hasSpecialisation alters the 

first one and isSpecialisationOf the second one. 

Programme and Minor –  A degree programme may have a 

minor degree associated with it. A property is defined to 

make it possible to assign a minor instance to a programme 

instance – hasMinor. Unlike Track, a Minor is not consid-

ered a Programme. Therefore, in this design we have not 

assigned other relations for it or make it a subclass of Pro-

gramme. 

Course – this class represent the concept known as course 

in universities under study. Courses are the building blocks 

of Programmes and consequently Tracks and Minors. 
Therefore, a structural „part of’ relation is assigned to this 

class. The range for this property is Class and the Domain 

is either of Programme, Track or Minor.  

hasStatusIn – In addition to structural role of Course in the 

University Concept Collection group, it also has a status 

with respect to a track or minor. For instance, at UvA in the 

Artificial Intelligence programme, the course Game Pro-

gramming is an obligatory course for the Gaming track 

while it is optional for other tracks. According to the use 

case under study a course can have three different states in 

a track: 

1. Compulsory or Obligatory – refers to the courses 

that are mandatory to be taken to graduate a cer-

tain programme /track. 

2. Optional (free choice) – refers to some courses 

that a student can freely make choices about which 

ones s/he wants to take to complete the credits 

needed to be graduated in a certain pro-

gramme/track. 

3. Compulsory Optional – refers to a group of 

courses from which a certain number of credits 

should be taken but the students can choose which 

ones they prefer. Number of courses in such group 

is always more than the least limit . 

4. Optional Restricted – refers to a group of courses 

from which student are allowed to take a limited 

number of courses. 

According to the four mentioned groups, the hasStatusIn is 
defined that have three sub-properties, namely, isCompul-

soryIn, isOptionalIn and isCompulsoryOptionalIn. Also, 

isOptionalRestrictedIn has been added as a sub-property of 

isOptionalIn.  

In the case of VU and UvA, there are several groups of 

courses which are bounded by a number of cred its, either 

for a least amount or a most amount. It is an important no-

tion for the programmes because to complete a programme 

certain number o f credits and courses should be taken by 

students. Also, the notion is important for the future pur-

pose of this research which is to conduct a conceptual com-

parison between programmes and tracks for decision ma k-

ing of students. For this relation, three approaches were 

considered. 

1. The first approach to the relation between Course 

and Track can be described according to Figure 2 

where two courses of Brain Imaging and Ontology 

Engineering are related to the Cognitive Science 

track but the it is only possible to show they are in 

a restricted group through the relation while the 

condition applied to the groups cannot be defined 

 

Figure 2 - Track/Course graph for the first approach. This 

design faced the lack of possibility to include relat ion con-

straints between courses and a track where  

There are subclasses for Course which categorise courses 

according to the faculty they are offered by. There is a main 

relation defined between Course and Track. To enable the 

ontology to let us define different states in the design, three 

sub-properties are added for hasCourseGrouping, namely, 

Compulsory, Optional, CompulsaryOptional. This would 

allow us to relate „Cognitive Science‟ to „Ontology Eng i-

neering‟ with Optional sub-property according to the use 

case. But on the other hand, the same course is compulsory 

in Knowledge Technology and Intelligent Internet Applica-

tions track at VU. As sub-property relations are at the in-

stance level, we can relate a course to more than one track. 

In other word, a course can have different states in different 

tracks. 



The limitation for this approach is that number of most and 

least credit conditions for the CompulsoryOptional and 

restricted optional is missing. This condition is essential 

informat ion for a p rogramme. 

2. The second approach to the relation between 

Course and Track can be described according to 

Figure 3. 

In this approach, in addition to Course and Track, there are 

three subclasses for Course that each represents a state of 

course according to the case study of VU and UvA. In this 

case, a data property of Faculty is assigned to Course. Also, 

two other data properties are defined, namely, leastCredit 

and maxCredit by which we can assign restrictions to 

CompulsoryOptional and OptionalRestricted categories. 

 

Figure 3 - Track/Course graph for the second approach. 

This design classifies courses in three possible states in 

respect to a track. 

Also, note that the Optional and OptionalRestricted catego-

ries are merged here. This is due to the option of assigning 

a restriction. If there are no numbers assigned or it is zero 

then the category is assumed to be a free choice optional. 

Otherwise it would be a restricted optional class. 

The weakness of this approach is that there would be many 

duplicated instances of courses in the course categories. 

Every course may belong to each of the classes according 

to a given track such as the given example of „Ontology 

Engineering‟ in the first approach. 

3. The third approach to the relation between Course 

and Track can be described according to Figure 4.  

In this approach, limitations of the previous designed have 

been covers. Here, the same categorisation for courses as in 

the first approach is used. This way of categorisation is 

more appropriate for the general purpose of categorising 

courses in a programme because is provided a university 

level of concept structure. Also, the relations between 

Course and Track are almost the same as the first design. 

Although the group condition detail (maxCredit and least-

Credit) that was implemented in the second design is also 

required.  

To overcome these limitations, a new class is added to the 

ontology as an association class. An association class is 

convenient to use when one wants to model attributes of 

relations themselves [20]. In the case of this project, the 

class represents the restricted relation between a course and 
a track. In Figure 4 it is illustrated as the CourseGroup-

Condition class. Also it can be seen that there are two in-

stances of the class, each representing a bounded course 

group of a track. There are two data properties assigned to 

this class: maxCredit and leastCredit. Every instance of this 

class can have a value for either the max condition or the 

least condition. A CompulsoryOptional group can only 

have a least condition but according to the use case a re-

stricted optional group can be bounded by a maximum 

amount of credits or a least amount.  

 

Figure 4 - Track/ Course graph illustrating the association class solution where course instances can be related to a group 

instance that provides the required conditions .

Course and SubjectConcept – Each course is a meaningful 

collection of concepts and the concepts are the backbone of 

every programme. They are the elements which are the 

most important when approaching a university programme. 

Also, they are the factors that let us distinguish different 

tracks. Concepts are parts of courses and tracks. Therefore, 

the same „part of‟ relation is used for SubjectConcept class. 

The domain is the SubjectConcept (or Course due to the 

previous Course-Track relat ion) and the range is Course (or 

Track or Minor due the same reason). The „part of‟ object 

property is defined as a transitive relation to express the 

fact that if a concept is part of a course and the course is 

part of a track then the concept is part of the track as well.  

3.3.3 Data Properties 
The classes alone will not provide enough informat ion. 

Once we have defined the classes, we must describe the 

internal structure of concepts. In this subsection, the prop-

erties that are included in the ontology design are listed and 

described. 



Credit – In every university programme, the notion of 

credit is clearly defined. When a programme is designed, a 

number of credits is assigned to it so that a student would 

graduate from the programme only if s/he passes a certain 

number of credits according to the rules defined in the pro-

gramme. Therefore, in this ontology a data property is cre-

ated for it and it has been assigned to classes of Programme 

(as a subclass, Track  inherits the property), Minor and 

Course. 

maxCredit – This property defines a maximum number of 

credits that can be taken from a course group. The property 

can be either zero or a positive integer and can be assigned 

to an instance of CourseGroupCondition class.  

leastCredit – This property defines a min imum number of 

credits that can be taken from a course group. The property 

can be either zero or a positive integer and can be assigned 

to an instance of CourseGroupCondition class.  

 

Figure 5 - University Programme Ontology Overview 

In Figure 5 a b road overview of the ontology is illustrated 

showing all the classes discussed. 

3.3.4 SKOS Mapping Relations 
In addition other relations, a group of relation are also in-

cluded in the ontology. This group is a part of SKOS ontol-

ogy and let up create mapping between concepts and class i-

fications of concepts. These relations are introduced in the 

four general terms under the main property of semanticRe-

lation [2]: 

1. relatedMatch – skos:relatedMatch  is used to state 

an associative mapping link between two concep-

tual resources. 

2. narrowMatch – skos:narrowMatch is used to state 

a hierarchical mapping link between two concep-

tual resources. 

3. broadMatch – skos:broadMatch is used to state a 

hierarchical mapping link between two conceptual 

resources. 
4. closeMatch – skos:closeMatch is used to link two 

concepts that are sufficiently similar that they can 

be used interchangeably in some informat ion re-

trieval applications. In order to avoid the possibil-

ity of "compound errors" when combin ing map-

pings across more than two concept schemes , 

skos:closeMatch is not declared to be a transitive 

property.  
5. exactMatch – skos:exactMatch is used to link two 

concepts, indicating a high degree of confidence 

that the concepts can be used interchangeably 

across a wide range of information retrieval appli-

cations. skos:exactMatch is a transitive property, 

and is a sub-property of skos:closeMatch. 

These mapping properties help in creating semantic rela-

tions between concepts and therefore between courses, 

tracks and programme as discussed in 3.2.2. 

3.3.5 Connection to External Ontologies 
In this research, to extend the university ontology and to 

give the possibility to explore programme content we have 

used the SKOS relations, as discussed in 3.3.4, to link con-

cepts that represent course content to external vocabularies. 

Such vocabularies were introduced in 3.2.1. In this section, 

the actual implementation of the linkage is discussed. 

ACM-CCS – this vocabulary was retrieved in RDF format 

and was imported to the main project in Protégé. Initially, 

all classifications of CCS were defined as classes and 

through subclass relations in a hierarchy with three layers 

as shown in Figure 6. 

Nevertheless, this vocabulary was added to the design to 

map the concept instances into ACM-CCS classes. There-

fore, the hierarchy was changed to adapt the purpose of this 

research. The lower level of classes was changed to in-

stance type which resulted in a tree with instances as its 

leaves. Part of the change is shown in Figure 7. In the 

browsable HTML document in the ACM Portal there are 

some subjects present in each third layer class. These sub-

jects are not included in this project for the same reason of 

having the lowest level of ACM classes as instances.  



 

Figure 6 - Part of Class Hierarchy of ACM-CCS Having 

all Concept Layers as Classes 

As the result, the design enabled us to make the required 

links between the instances representing ACM-CCS classes 

and instance of concepts. In Figure 8 a sample link is illus-

trated. In this Figure, it is shown that Pattern Recognition 

concept is part of two courses, namely Neural Networks 

and Algorithms in Sequence Analysis, and is classified as 

general concept in PATTERN RECOGNITION class 

(I.5.0) of ACM-CCS. 

 

Figure 7 - Modified ACM -CCS graph with instances alter-

ing the lowest level classes to enable mapping 

 

Figure 8 - SubjectConcept mapping sample classifying 

pattern recognition from two tourses at VU in CCS 

Copmputing Methodologies class () 

Such design would let further analysis on courses and their 

content; for example having concepts classified, a general 

class can be assigned to each course as the main subject 

although it should be confirmed by university staff as well.  

An alternative approach to solve the issue of relating con-

cepts would be to define the relation at the class level. But 

for the case study of this research the relations had to be 

precise and specific for every instance of the classes. 

Therefore, the instances were added to the hierarchies.  

Cognitive Atlas – This vocabulary is designed and devel-

oped for specialised subject in Cognitive Science and it is 

complicated in term of using as an external ontology. It 

includes two main types of subject, concepts and tasks , 

both representing signification in the field. Internal rela-

tions between subjects are defined and a hierarchy is devel-

oped to include all subjects in different classes. Figure 9 

illustrates a sample part of the CA concept list. 

 

Figure 9 - Part of Concept Hierarchy of CA Having the 

Whole Hierarchy in Form of Classes 

For the purpose of this project, the same reason discussed 

about ACM classes applies for CA and we need to provide 

the possibility to define relat ion at the instance level. 

Unlike the approach for ACM classes, here classes are left 

as they are to keep the classes at the same level considering 

that some of them have lower levels as well. Therefore, an 

instance is defined to self-represent each class. Figure 10 

shows the resulting graph. 

 

Figure 10 - Cognative Atlas Extended Graph Including 

Instance representative for Each Class  

3.4 Evaluation of the Ontology Structure  
Ontologies are designed to be shared. Evaluation of ontol-

ogy content is an important task in Ontology Engineering 

because in this process ontology suitability for adoption by 

industry would be analysed. There are different methods 

presented to evaluate ontologies such as OntoMetric, Natu-

ral Language Application metrics, OntoClean and 

EvaLexon, to name a few. For this research, it has been 

tried to apply Ontology Engineering basic princip les. Nev-

ertheless it is essential to evaluate ontologies to make sure 



that they are reusable and shareable. OntoClean is used for 

evaluation of this project and the process is discussed in 

this section. The evaluation process is done according to 

the ontology in Figure 5 and the relations discussed in sec-

tion 3.3. 

3.4.1 OntoClean 
In this method three characteristic of concepts are used to 

study the ontology; rigidity, unity and identity [23] [24].  
- Rigidity is defined based on the idea of essence. A 

property is essential to an individual if and only if 

it necessarily holds for that individual.  
- Unity is defined by saying that an individual is a 

whole if and only if it is made by a set of parts 

unified by a relation  
- Identity refers to the problem of being able to rec-

ognize individual entities in the world as being the 

same (or different) 

In this method, we use these notions to define a set of 

metaproperties which, in turn, are used to characterize rele-

vant aspects of the intended meaning of the properties, 

classes, and relations that make up an ontology. In addition, 

the metaproperties impose several constraints on the taxo-

nomic structure of an ontology, which help in evaluating 

the choices made [23]. 

3.4.2 OntoClean Application on the Use Case 
In the Table 1, characteristics of each property, class and 

relation is shown. The „+‟ signs shows the present of the 

feature and „-‟ shows the absent of it.  Discussions are pro-

vided afterwards. 

University Concept Collection is discussed first. But in this 

research, we have introduced this class as a representation 

of all concepts involved in the knowledge level of a univer-

sity. It is necessary for an institute to have in order to be 

considered a university and therefore it is a rigid concept in 

this ontology. But due to the generality it does not have 

identity. 

Table 1 - OntoClean Criteria on University Programme 

Ontology 

Item Type Rigidity Identi ty Unity 

University Con-

cept Collection 
Class R+ I- U+ 

Programme Class R+ I+ U+ 

Track Class R- I+ U+ 

Minor Class R- I+ U+ 

Course Class R+ I+ U+ 

SubjectConcept Class R+ I+ U-/+ 

Course Group 

Condition 
Class R- I+ U+ 

 

Programme is a whole which has courses as its parts which 

brings unity to this class. Also it is an essential class be-

cause the ontology is to represent programmes and its 

structure. Track and Minor are in the same position due to 

not every programme has different tracks or is extended by 

a minor degree. Therefore, they are not rigid but they have 

unity as a collection of courses. Also, they are not identifi-

able independently and the gain identity in relation to the 

programme they are a subclass of. Considering different 

tracks of a programme, identity applies. Course is building 

blocks of programmes and it is rigid for this ontology. 

Every course is identifiab le by a code defined at univers i-

ties and the name but also by the concepts it covers. It is 

defined to have unity as well due to the fact that it is a col-

lection of certain concepts. SubjectConcept is assumed to 

be the lowest level of granularity in this research and it is 

rig id for a university because education is based on con-

cepts and knowledge. It is not easily identifiab le but 

through this research different vocabularies are considered 

to help us categorise the concepts. Therefore, it is defined 

to have identity. Here, th is class is defined not to have unity 

although some concepts are broader for other concepts but 

for the purpose of this research it has been left out to be 

defined through SKOS mapping relations. 

In OntoClean method, information such as Table 1 is used 

to „clean‟ the ontology. Various ways of cleaning are there 

as described in Guarino, N., & Welty, C. (2002). One e x-

ample is to check if there are any rig id classes defined as a 

subclass of an anti-rigid class. In this case some reconsid-

eration is required because it is against the nature of rig idity 

criteria. For the ontology designed in this research all cases 

have been checked and no intersection was found. There-

fore, it can be assumed that the design shown in Figure 5 

meets general princip les. 

4. RESULTS 
In this research project, an ontology is designed to cover 

the main concepts and terms representing university pro-

grammes in the selected domain. Through the process de-

scribed in section 3, we structured the ontology according 

to the structure of programmes retrieved from the studied 

materials. At this stage the data used for analysis was struc-

tured in 8 sheets in the file available at 

https://dl.dropbox.com/u/45240376/Appendix.xls x. In this 

Excel file the first 3 sheets represent the structure of the 

programmes under study all retrieved from study guides 

which were the base data to structure the ontology on them. 

The second 3 sheets are the subject concept breakdown of 

the courses offered in each of the programmes. The last two 

sheets are the total list of courses excluding the project 

units and the last sheet is where all the subject concepts 

were listed and studied for mapping which is partially pro-

vided. Some remarks were highlighted during the work and 

are listed in this section. 

1. Some subject concepts such as dementia and di-

lemma, having the general knowledge about the 

field, were expected to be found in CA vocabulary 

while they were absent. As CA is open for col-

laboration, university staff can work with CA 

https://dl.dropbox.com/u/45240376/Appendix.xlsx


group while working with this ontology to classify 

subject concepts.  

2. A course such as Seminar Attention contains gen-

eral concepts such as experiment, presentation, 

discussion which cannot be mapped to imported 

vocabularies. However due to the fact that a Mas-

ter‟s student would be familiar with such terms no 

further information or mapping were considered. 

Considering two mentioned remarks, a new class was de-

fined entitled as OnlineDocument which was related to 

Subject Concept through a new object property of 

hasOnlineDocument and individuals of this class keep links 

to online sources such as Wikipedia pages . OnlineDocu-

ment was defined as a class to allow having multiple online 

documents. This approach let us fill the gaps which were 

left in the knowledge mapping process  and bring more 

sources available for students who would browse through 

them. Later over the mapping some online documents were 

included in addition to the internal classification of con-

cepts through the two vocabularies. For example, The Pa-

perless Office is a concept covered in the Organizational 

Space and Technology course at VU University and it is 

classified under H.4.1- Office Automation in ACM-CCS 

and also http://en.wikipedia.org/wiki/Paperless_office is 

given as additional informat ion to the instance. 

3. In some courses there was found subject concepts 

such as design which is considered to be too gen-

eral on its own. Depending on the course contain-

ing such general concept it can be understood 

what type of design it is representing. For exam-

ple, being it assigned to a course Service Oriented 

Design would clarifies that it is in the field of 

software design and not computer graphic design. 

Therefore it is essential to consider the context de-

pendency of the subject concepts. 

4. Another observation was for the subject concepts 

listed in Tab le 2. In this table subject concepts 

staring with the word decision are provided. All 

related information about them is also in the table 

such as the course containing it, the SKOS map-

ping relation and the class to which it is  mapped. 

Two notions of Decision making were listed as 

subject concept but each was in different areas. 

Such cases suggest that for each subject concept to 

be classified, the course should be checked before 

searching for a proper group in imported vocabu-

laries and/or online sources. Also, we see here that 

how subject concepts looking close can be far 

away in term of meaning as they are defined in 

different context. This remark also confirms the 

context dependency of subject concepts  which is 

important for understanding the content and also 

for searching purposes.  

Table 2 – Diversity of subject concepts starting with the word decision 

Subject Concept Course 
SKOS rela-

tion 

ACM Class 

Code 

ACM Class 

Name 
CA Code CA Name 

Decision making  
Thinking and De-

ciding 
exactMatch   

CAO_002

53 

Decision 

Making 

Decision making  
Software Serv ice 

Orientation 
hasBroader D.2.2 

Design Tools and 

Techniques 
  

Decision processes 
Thinking and De-

ciding 
closeMatch   

CAO_002

53 

Decision 

Making 

Decision table test-

ing 
Software Testing hasBroader D.2.5 

Testing and De-

bugging 
  

Decision Trees 
Data Mining Tech-

niques 
hasBroader H.2.8 

Database Appli-

cations 
  

5.  The last remark in this section is about the cover-

age of imported vocabularies for the given pro-

grammes. Of the 540 subject concepts represent-

ing over 100 courses in this research there was the 

area diversity of Business, Computer Science, Bi-

ology and Cognitive Science. Generally said, 

ACM-CCS could cover most of them under gen-

eral classes. For example topics in Bio logy could 

be classified under Computer Application in Life 

and Medical Science. The same could be applied 

to Cognitive Science area but we mapped them to 

an second ontology of CA. CA is an on-going pro-

ject and eventually more concepts are covered in it 

and more link are to be made to give the possibil-

ity to browse them. For this project we have used 

the latest available OW L file which is version 0.3 

of the project and contains 648 concepts in the 

area of Cognition. The in itial assumption was to 

find a lot more mapping in the concepts but from 

344 subject concepts 40 was found in the CA vo-

cabulary bringing mapping relations to the 

courses. On the other hand most of the other sub-

ject concepts were covered by ACM-CCS classes 

while in many cases the classification was general 

such as the same example of Biology concepts. 

But as discussed in the early remarks, links to 

http://en.wikipedia.org/wiki/Paperless_office


more specific online sources were also added to 

the ontology. 

To sum up the evaluation of the work done in this research, 

we ended up with an ontology representation of programme 

content which, compared to alternative representations such 

as an online browsing course catalogue, not only gives an 

overview of the courses and programmes but also brings 

navigation possibilit ies of subject concepts through the 

university programmes to external ontologies such as CA 

that was imported into the project. Such ease of access to 

other sources of knowledge can help students to get a better 

view over their study path by contrasting similarit ies and 

dissimilarit ies between subjects to be studied. 

5. CONCLUSION 
Through this paper, an experiment on ontology design and 

processes involved was carried out from init ial steps of 

defining classes and relations to structural evaluation of the 

ontology. External vocabularies were imports and adapted 

to the design with the assumption that mapping of pro-

gramme content would enable further analysis on the pro-

grammes. In the Cognitive Atlas vocabulary there are de-

scriptions for many concepts in the field of Cognition and 

the URI to the page is provided in the ontology used in this 

research. The same is accurate about ACM-CCS in the field 

of Computer and Information Sciences. All this process 

was done for the initial purpose of helping students by pro-

viding a way to browse programme contents through de-

fined relations in the ontology and to provide additional 

informat ion to existing material about programmes by ap-

plying relations to the two mentioned vocabularies . In the 

process a decision was made to also provide links to online 

sources as a way to fill gaps where there was no class in the 

imported vocabularies to link subject concepts to them. 

From the resulting ontology of this research a search plat-

form can be developed to ease the navigation and browsing. 

Over the process of this research, various patterns of On-

tology Engineering were used and discussed in section 3 

such as relation notions of part-of, subclass and association 

class. These notions were used to design the ontology ac-

cording to the structure of the university programmes in the 

use case under study for this research. Available structured 

knowledge was taken into use for mapping of subject con-

cepts and broadening the knowledge domain. The view 

point of the application was defined according to what uni-

versities provide, what students can have access to and their 

interest to learn about programmes both before entering and 

during studying. The ontology was directly based on the 

material universities provide for current and prospective 

students. 

The resulting ontology is available on 

https://dl.dropbox.com/u/45240376/UPO.owl. Th is link is 

the first version of the ontology through which different 

scenarios can be applied. For example in a completely 

populated ontolgoy students can choose a particular ACM-

CCS class as a starting point and start surfing concepts 

around the subject of that class and for which ever they 

found related to their purpose of study, they can derive the 

course in which the subjects are taught in. Later they can 

follow the tracks containing the course and it is assumed 

that following such process would help students to choose 

the appropriate programme when they are searching and 

comparing programmes as prospective students. The same 

approach can help them select the best Track that meets 

their interest. Going one step forward, the same strategy 

can help them chose the right course curricula from groups 

of optional courses provided by university faculties .  The 

population of the ontology was done in the boundaries of 

this project and it needs to be revised and confirmed by VU 

and UvA staff and course lecturers. Such ontologies would 

facilitate sharing curricula between two universities. As in 

the case of VU and UvA, they have already started a close 

collaboration in the direct ion of jo int programmes. As a 

future work, it would also be valuable to search for more 

existing ontologies in the field for example in the area of 

Computer Vision and Natural Language Processing. They 

are many concepts in these areas to be covered more spe-

cifically. In continuation of this project experiments should 

be developed to derive confirmation on the added value of 

the resulting ontology of this research. Different scenarios 

can be implemented such as choosing a track of AI which 

is the closest to the subject concepts selected by a student. 

Another experiment can be studying if according to a cur-

rent passed courses of a student s/he can change track in the 

programme and what would be the best decision in this 

matter. Such experiments not only help in further develop-

ment and improvement of the ontology but also they would 

show possible uses and cases where the ontology would 

have benefits for students and universities. 

The glossary provided in this paper is intended to be non-

controversial and this paper is considered to be a practice of 

Ontology Engineering concepts while following the main 

goal introduced for the research. 

6. DISCUSSION 
Through the process for designing an ontology for pro-

grammes of these universities , some major challenges were 

face. In this section, a summary of the paper is given and 

encounters are discussed. 

In section 2 we addressed main consideration of this re-

search and the problem stated about semantic structure of 

university programmes. Through section 3 we covered the 

question given in 2.1. In brief, we explained about the ma-

terial used to provide details about university programmes, 

namely, study guides and university website. We covered 

examples of existing work on the same domain of univers i-

ties. As discussed in section 2, there are numerous ontolo-

gies designed based on institutional structure of universities 

[7][12][8]. Also, there are ontologies that are designed in-

ternally by universities to structure the content of univers i-

ties [10]. In this research, we tried to combine in itial struc-

ture and concepts of both groups of ontologies and we have 

based the process on the case of VU and UvA universities 

https://dl.dropbox.com/u/45240376/UPO.owl


as discussed in 3.1. Then we broke down the logic and con-

cepts derived from the materials and approached the ontol-

ogy design using those concepts. The steps of approach to 

the project are exp lained in details in section 3. There, in 

addition to discussing the scope of the research, it is ex-

plained about the material that was used. They were the 

study guides and web pages of the programmes in the do-

main. The structure of the programmes such as different 

tracks, list of courses and list of concepts covered in 

courses was derived from the sources. Moreover, existing 

vocabularies of ACM-CCS and Cognitive Atlas were inte-

grated into the ontology. The selection of them was accord-

ing to the content domain of the chosen programmes, 

namely Artificial Intelligence and Computer Science, and 

the fact that we could cover most of the course concepts 

using them. We have used SKOS mapping relations to re-

late the concepts taught in the programme to these recog-

nised vocabularies as exp lained in 3.2.2. 

For the design and implementation of the ontology Protégé 

was used. In this project, due to the concentration on the 

content of programmes, the Knowledge Grouping class of 

Aiiso was used as a part of a university that is focused on 

knowledge level. More classes such as Track  and Minor 

were added to cover programme structure in the domain 

under study. All classes and relations present in the project 

are introduced and discussed in 3.3. An early challenge was 

to define existing concepts in the domain either as relations 

or classes and to make the most use of the design. Such 

encounter is not for this project but in ontology design it is 

an important step and enough attention should be paid to it. 

In defining the relation between Course and Track we tried 

three different approached and discussed limitations ap-

plied to each one in 3.3.2. It was remarkable in terms of 

manipulating the design until the desired result is achieved. 

In this specific case the relation was not a direct one and 

was a general relat ion with conditions and limitations ap-

plied to it. Therefore, accord ing to Golbreich, C., et. al. 

(2009) an extra class of CourseGroupCondition was cre-

ated as an association class to let us implement the limita-

tions. Then again a decision had to be made about the low-

est level of granularity – if it is the courses or the course 

concepts. Considering Noy, N. F. & McGuinness, D. L 

article SubjectConcepts was chosen as the lowest level. But 

due to the relation between instances of concepts it was 

required to have list of courses in the instance level as well. 

Almost the same conditions were applied to the hierarchy 

of external ontologies used in the project. ACM-CCS and 

CA have representation of the class hierarchies but to relate 

the course concepts to the categories we needed an instance 

representation as well as explained in 3.3.5. 

Later, the structure of the ontology was evaluated accord-

ing to OntoClean method. This method helps  to identify 

inconsistencies of principles in the design such as subsum-

ing a rigid class from an anti-rigid class. In this project, the 

principles of ontology design were applied from the early 

steps to ensure the resulting ontology would be clean and 

although some changed were made during the process the 

result of evaluation was satisfying. 

At last, actual data was studied and observations were dis-

cussed in section 4. Most defined subject concepts in this 

project were covered by the two imported ontologies of 

ACM-CCS and CA. A lthough, more information was 

needed to clarify the concepts and it was done through in-

cluding links to online sources such as Wikipedia pages. 

All the steps taken in this research was with the goal of 

bringing more learning possibility of programme content 

for prospective and current students. Nevertheless, as dis-

cussed in section 5, further study is required to make sure 

all course subject concepts are classified in the most appro-

priate classes. This should be done with the collaboration of 

both university staff. The subject concept break downs 

should be checked and it can be the case that more external 

vocabularies can be used for classification to cover more 

subject concepts in the programmes. 

In the era of informat ion and communicat ion, significant 

attention is given to knowledge presentation. Research such 

as this paper would help improv ing the structure of shared 

data by presenting it in the form of an ontology that would 

make it easier and more efficient to share, browse, analyse 

and use for alignment purposes . 
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