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ABSTRACT

Applying Semantic Web and Ontological technology in education offers powerful benefits
in several areas of interest and will change the current education mode. Ontologies can be
used for knowledge organization, knowledge inference and planning, information querying,
visualization and navigation as well as for the semantic annotation of learning resources for
knowledge reuse and interoperability. Learning platforms can be supported by ontologies for
the construction, externalization, communication and assessment of knowledge and
competence. Ontologies can also be used for describing the knowledge about a subject

domain and modeling educational system architecture.

The purpose of this thesis is the semantic annotation of concepts and entities within a
tertiary education curriculum. The developed ontology aims to conceptualize educational
entities within Curriculum and Syllabus with sufficiency and richness in order to support rich
services on top for improving curriculum management and development as well as enabling

syllabus semantic searching, matching, interlinking and recommendation.

The thesis describes the methodology and development process of the educational

ontology, the elements included, as well as its evaluation process.

The ontology is designed to be highly transferable and reusable for any type of study
program, course and syllabus. The ontology is available online and a triple-store is used for

the storage and retrieval of triples of the ontology through semantic queries.

KEYWORDS

Semantic Web, Ontology, Curriculum, Course, Syllabus.
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IIEPIAHYH

H epappoyn texvoroyiov Enpactorloyikod Iotod kot Ovroloyidv otnv exkmoidevon
TPOGPEPEL CUAVTIKA OPEAN GE SLAPOPOLS TOUELG eVOLAPEPOVTOS AAAALOVTOC TO TEdIO NG
exmoidgvone. Ot ovtoroyieg UmopovyV va ¥pNooromnBovy yio TNV opydveoon e YvmOond,
TOV OYEOOOUO KOl GUUTEPOCUO TNG Yvoonsg, v avalntnon JTANpoQopldv, TNV
OTTIKOTOINGT Kot TAONYNON KOOMS KO Y10l TN OTULAGIOA0YIKY] ONHeEiwon TV TOpwV Habnong
EVIGYVOVTOG LLE TOV TPOTTO OWTO TN SLUAEITOVPYIKOTNTO KO EXAVAYPNGLLOTOINGT TG YVAOONC.
O Mhateoppeg padnong umopodv va Pondnbodv amd ovioAoyieg yioo TV KOTOGKELY|, TNV
eEmTtepiKevon, TV emKovVOVia Kol TNV 0E0AGYNoN TOV YVOCEDV Kol T®V tkavotntwv. Ot
OVTOAOYIEC UTOPOVV ETIOTG VO YPNCLUOTOMO0VV YioL TNV TEPLYPUPY| TNG YVAOONG CYETIKA LE
évav Bepotikd Topéa Kot Yoo TY) HOVTEAOTOINGCT NG OPYITEKTOVIKNG TOV EKTOLOEVTIKOV

GUGTNHOTOG.

2KomdG QTG TNG OIMAMUATIKNG EPYOCING EIVOL 1 ONUAGIOAOYIKY] TEPLYPAPT] EVVOLDV KOl
ovioTtwVv oe €éva mpdypaupo onovddv Tprrofdbuag exmaidesvone. H avamtvybeica
OVTOAOYiOL GTOYEVEL GTNV LOVTEAOTOINGT TWV EKTOLOELTIKMV OVTOTHTMOV TOL GLVOVTIOVTOL
evtog tov Ipoypaupatog Trovdmv (Curriculum) kot tov Zyediov Mabnuartog (Syllabus) pe
IKOVOTIOINTIKY EMOPKELN KOl AETTOUEPELD TPOKELUEVOL VoL LITOSTNPLYOOVV LVINPETiES Yo ™
Bedtimon g dwoyeiprong kot avamntuéng tov Ipoypdupatog Zrovddv (Curriculum), kabog
Kol Yo, T OlEVKOALVGT TNG CNUOGLOAOYIKNG avalNTNoNG, OVIIOTOIYIoNG, OOIGVVIECTC Kot

ocbvotaong Zyediov Madnudatwov (Syllabus).

H epyacia meprypdopetr 1t pebBodoroyior ko ) Sadwkacioo avamtuéng g EKTOLOEVLTIKNG

ovtoAoyiog, T oToElo mov mepAapPdavoviar o avthy, KoOOS kot TN ddikacio
a&loAoynong te.

H ovtohoyia éxel oyediactel dote va €ivor PHETAPEPSIUN KO ETOVOYPTGLULOTOMGLUN Y10,
ké0e tOomo Ipoypaupotog Xrovdmv, Mabnuatog kot Xyediov Madnuatog. H ovtoloyia givat
dwbéoun oto dadiktvo eved €ywve ypnon online Bdong Aedopévov amobnkevong
OvtoAOYI®V Y10 TNV OmOONKELON Kl TNV OVAKTNOTN TOV TPUAET®V NG OVIoAoying UECW

ONUOGIOAOYIKOV EPOTNUATOV.
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GENERAL PART
CHAPTER 1. INTRODUCTION

During the last decades, the rapid development of Information and Communication
Technologies (ICT) has significant impact in many domains of society providing a wide
range of opportunities and applications. In the area of Education, the application of
information technologies can improve the efficiency of teaching and learning process and

enrich the learning experience while it can support the management and reduce the cost.

Effective knowledge and information sharing between systems and applications is one of
the key objectives of Knowledge Management Systems in order to reduce the cost in money
and time. In World Wide Web and Databases there is a huge amount of information and
resources that can shared and reuse. However, the lack of standardization combined with the
diversity of applications and the incompatibility of languages and vocabularies are major
issues that need to be addressed in order that information and knowledge can be easily

discovered and reused.

Semantic Web technologies and Ontologies offer great potential for improving the
discoverability and reusability of information and resources. Ontology conceptualizes a
domain of knowledge using formal language understood not only by humans but also by
computers. Ontologies describe the concepts in a domain with the relationships between
them, and also provide vocabulary for the used terms. The semantic annotation of concepts
as well as the used terminology can be processed and comprehended by humans and
machines. Ontologies facilitate the semantic interoperability and automatic inference of
information and improve knowledge sharing and reuse among heterogeneous systems and

applications.

The purpose of this thesis is the semantic annotation of concepts and entities within an
academic institution aiming to model the core concepts of a tertiary education curriculum.
The developed ontology conceptualizes educational entities within curriculum and syllabus.
Curriculum, Course and Syllabus are considered as top-level entities that provide important
information and play significant role in many educational processes and learning activities in

an educational organization. Our ontology comprises of 41 concepts in a taxonomy, 9 of

Semantic Modeling of Educational Curriculum & Syllabus 11



which considered as top-level concepts of the ontology. It also includes 54 objects properties
for establishing relations between concepts and 76 data properties for describing concepts
characteristics in detail. The ontology aims to support rich services on top for improving
curriculum management and development as well as enabling syllabus semantic searching,
matching, interlinking and recommendation. It designed to be suitable for all types of study
programs in tertiary education and can easily reused and configured from any educational
institution. We also provide rich internal and external documentation with various pieces of
information for the developed ontology. Internal documentation includes information
annotated in ontology elements as metadata. All classes and properties have been written in
two languages, English and Greek. External documentation comprised mainly by this thesis

document, where the whole ontology development process is described in detail.

The thesis document is structured as follows. Chapter 1 gives an initial introduction in
Semantic Web and Ontologies, their purpose, usage and applications. Chapter 2 reviews the
literature of ontologies in Education, classified in five main categories. Moreover, ontologies

related to the context of Curriculum and Course, are further analyzed.

Chapter 3 describes the methodology and development process of the educational ontology
in detail, including purpose, class definitions, description of class properties, summary of
definitions, and descriptive presentation of each class. Chapter 4 analyzes the results of the
evaluation of our ontology and the documentation provided. Finally, Chapter 5 concludes
with the synopsis of our work and discusses about some difficulties encountered and possible

scenarios for using our ontology.

Semantic Modeling of Educational Curriculum & Syllabus 12



1.1. SEMANTIC WEB

It is beyond doubt that World Wide Web has changed the way people communicate and
work. Its structure and content is mainly consumed by humans who can browse and retrieve
information from Web documents. However, as new revolutionary technologies emerge,
such as Internet of Things (1oT) and Artificial Intelligence, new challenges have arisen for a

new model of Web that can be used also by machines and applications.

Web 3.0 has emerged as an evolution for a more connected, open and intelligent Web,
where humans and machines browse, communicate and share content. Semantic Web plays

key role in that.

Tim Berners-Lee and his fellows in the 2001 Scientific American article [1], presented an

evolutionary transformation of the existing Web to the, so called, Semantic Web.

“The Semantic Web is an extension of the current web in which information is
given a well-defined meaning, better enabling computers and people to work

in cooperation. ”

According to Tim Berners-Lee, Semantic Web will be an extension of today’s Syntactic
Web that will become reality by attaching metadata to meaningful information included in
web pages and also linking databases to the web. Information served in Semantic Web could
be automatically processed and understood by machines as well as humans. Semantic Web
will facilitate significant improvement in the search, exchange, merge, manage and usage of

information worldwide.

Sometimes, the term Semantic Web is used as a synonym for Web 3.0, however, those two
terms are significantly different. The term Web 3.0 suggested in 2006 by John Mark off of
New York Times as third generation of the Web [2]. Actually, Semantic Web is the key
component for the development of Web 3.0 as the meaningful connected and shareable
content, offered by Semantic Web, will empower other features of Web 3.0. Connectivity of
everyone and everything means that every device is connected and the information shared is
more connected thanks to semantic metadata. In addition, the Ubiquity of content offers
information accessible by multiple applications and services in every device. All these

features, in combination with natural language processing, will lead Artificial Intelligence on

Semantic Modeling of Educational Curriculum & Syllabus 13



a new era where computers and machines will be able to comprehend information like

humans.

Rules Trust
Data Proof %
N Data Logic ;é?
descs Ontology vocabulary E
20
a

Figure 1: Semantic Web Layer Cake (source: W3CY)

Figure 1 presents the layer structure of Semantic Web, as envisioned by Tim Berners-Lee
[1]. XML is a markup language for creating structured Web documents using a user-defined
vocabulary. RDF is a data model for expressing simple statements about Web objects. Logic
layer is used to enhance ontology language further and to allow the writing of application-
specific knowledge declarations. Proof layer enables the deductive process as well as the
representation of proofs and proof validation. Trust layer will emerge through the use of

digital security mechanisms when users have trust in its operations and quality of information
[3].

Humans understand the top three layers, Trust, Proof, Logic but machines do not
understand them because computers cannot decipher meaning and relations from these

layers. On the other hand, machines comprehend meaning from lower layers, URI, XML and

RDF. Building the top three layers upon an Ontology vocabulary layer which is built upon

! Semantic Web Layer Cake (W3C): www.w3.0rg/2001/09/06-ecdl/slide17-0.html
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RDF layer and linking them to each other, makes it possible for machines, by using the lower
layers, to read and comprehend the higher layers.

1.2. ONTOLOGY

1.2.1. WHAT IS AN ONTOLOGY

Many definitions of ontologies have been given but one of the most known definitions is
the one given by Gruber in 1993, who defines ontology as “an explicit specification of a
conceptualization” [4]. Gruber’s definition emphasizes in the specification of concepts and

relationships which will facilitate knowledge sharing and reuse.

In 1997, Borst defined ontology as “a formal specification of a shared conceptualization”
[5]. This definition underlines that a conceptualization should express shared representation

of knowledge and should be expressed in a machine readable format.
In 1998, Studer et al. merged these two definitions [6]:
“An ontology is a formal, explicit specification of a shared conceptualization”.

They also explained the keywords of their definition. ‘Formal’ means that the expressions
used should be machine readable. ‘Explicit’ means that the concepts and their relations
should be explicitly defined. ‘Shared’ expresses the fact that the knowledge captured by
ontology should not be private but shared between several parties. As far as the term
‘conceptualization’ is concerned, a comprehensible definition given by Genesereth &
Nilsson: “A conceptualization is an abstract, simplified view of the world that we wish to

represent for some purpose” [7].

According to a recent definition by Gruber again, in the area of computers and information
science, “an ontology defines a set of representational primitives with which to model a
domain of knowledge or discourse” [8]. Ontology models a concrete domain of knowledge,

interest or functions.
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1.2.2. WHAT IS IN AN ONTOLOGY

In the last definition by Gruber [8], the ‘representational primitives’ are typically classes
(or sets), properties (or attributes) of classes and relationships (or relations) among classes.
Additional information about their usage and meaning is also included (e.g. axioms, rules,

restrictions).
Typically, any ontology contains:

e Classes that represent all types of concepts (either physical/specific or
abstract/conceptual). They can be organized in taxonomy using superclass-sub-class
relations.

e Relationships (or relations) that establish connection between concepts.

e Properties (also called attributes or slots) used to describe details of the concepts.

e Axioms state expressions that are always true.

e Rules express cases of assumptions (if) and logical conclusions (then).

e Restrictions set the requirements for an individual to be member of a class.

e Functions represent special cases of relation.

e Instances represent specific individuals or elements.

1.2.3. USAGE AND APPLICATION

Ontologies is becoming of great importance due to the necessity of communication and
information exchange among humans, organizations and software systems that aims to

enhance knowledge sharing and reuse.

Ontologies have a wide range of use in various subjects. Literature is rich in descriptions of

ontologies and their intended purposes.

Uschold & Gruninger [9] classified the uses of ontologies in three main categories:

Communication, Interoperability and Systems Engineering.

a. Communication

Ontologies reduce conceptual and terminological confusion by providing a unified

framework for describing the concepts of the world and their relations. Thus, they improve
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communication and cooperation between people and organizations with different needs and

viewpoints.

b. Interoperability
With the increasing popularity of computer networks, where different users are exchanging
information or using different software, the issue of interoperability has become major.
Ontologies can be used as inter-lingua, accomplishing the translation on terms with the same
meaning between the parties of a communication system. In the area of databases, ontologies
will deliver important services such as database interoperability, cross database search and

integration with web services.

c. Systems Engineering

In the area of systems engineering, ontology brings benefits in the following subjects:

e Reusability, by providing a shared vocabulary of terms and library of concepts
within a domain.

e Reliability, since a formal conceptualization helps in consistency checking of
software systems with respect to the specifications.

e Specification, by assisting software engineers with a shared universal

understanding of the problem.

According to Sure & Studer [10], successful applications of ontologies in numerous fields

are:

e Natural Language Processing and Machine Translation
e Knowledge Engineering

e Knowledge Management

e Engineering Disciplines

e Electronic Commerce

e Information Retrieval and Information Integration

e Web Catalogs

e Intelligent Search Engines

e Digital Libraries
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e Enhanced User Interfaces
e Software Agents

e Business Process Modeling

Furthermore, ontologies play significant role in the context of Semantic Web as well as in

Education, two aspects that will be discussed below.

1.2.4. TYPES OF ONTOLOGIES

In the literature can be found several classification approaches of ontologies according to

their features and functionality.

Lassila & McGuinness categorized ontologies in a linear spectrum (Figure 2) based on the

richness of their internal structure [11]:

o Fommal FRAmMes  General
Catalogf e ig-a  [propetties

1B relation

Informal Formal
15-a inistance

Figure 2: Ontologies categorization by Lassila & McGuinness [11]

e Controlled vocabularies are one of the simplest notions of ontology, like a catalog
for example.

e Glossaries are another simple notion of ontology for creating a list of terms and
meanings where meanings are expressed as natural language statements.

e Thesauri provide some additional semantics for the relations between terms such
as synonyms.

e Informal is-a hierarchies refer to hierarchies where a more specific class is not

always and in any case also an instance of a more general class.
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e Formal is-a hierarchies include strict sub-class relationships where if A is a
superclass of B, then an instance of B is certainly always instance of A as well.

e Formal is-a hierarchies that include instances of the domain refer to
classification schemes that include class names and ground individual content.

e Frames (properties) involve class property information with strict class hierarchy
and instance relationships.

e Ontologies that express value restriction in filling class properties — i.e. the
value of property ‘age’ can be a number between 0 and 130.

e Ontologies that express general logical constraints such as disjointness of
classes or inverse relationships — i.e. an instance of class A cannot simultaneously be

instance of B if A and B are disjoint classes.

Guarino distinguished four different kinds of ontologies according to their level of

generality, as shown in Figure 3 [12]:

top-level ontology

NG

L -

domain ontology task ontology

~

application ontology

Figure 3: The four kinds of ontologies by Guarino [12]

e Top-level ontologies describe very general concepts like space, time, events, etc.

e Domain ontologies describe the vocabulary related to a specific domain (like
medicine, cars or wine) by specializing the terms introduced in a top-level ontology.

e Task ontologies describe the vocabulary related to a generic task (like selling or
eating) by specializing the terms introduced in a top-level ontology.

e Application ontologies are a specialization of both domain and task ontologies

describing the roles played by domain entities while performing a task.
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Gomez-Pérez & Benjamins classified ontologies based on the subject of conceptualization
[13]:

e Knowledge Representation (KR) Ontologies capture the representation
primitives used to formalize knowledge in a specific KR domain.

e General or common Ontologies represent common sense knowledge and include
vocabulary related to very general concepts like space, time, things, events, etc.

e Top-level Ontologies provide general notions under which root terms in existing
ontologies should be linked.

e Meta-Ontologies (also called Generic Ontologies or Core Ontologies) are reusable
across domains.

e Domain Ontologies describe the concepts within a domain and their relationships
and are reusable in that specific domain.

e Task Ontologies provide vocabulary of terms used in performing a generic task or
solving a problem.

e Linguistic Ontologies describe linguistic concepts.

e Domain-Task Ontologies are task ontologies that cannot be reused in other
domains.

e Method Ontologies provide vocabulary for the terms used in performing a
particular task.

e Application Ontologies describe the available knowledge for modeling a specific

application.

1.2.5. ONTOLOGY BUILDING LANGUAGES

Due to the great potential of ontologies and Semantic Web, the development of new

languages for building ontologies continues during the last years.

Ontology languages are distinguished in traditional syntax (or logic-based) languages and

markup syntax (or web-based) languages. Logic-based or traditional languages appeared
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chronologically first and some of the most known are: CycL? (first ontology language, used
in Cyc Knowledge Base), Loom® (frame-based language), KIF* (Knowledge Interchange
Format), Ontolingua® (based on KIF and one of the most expressive languages) and F-Logic®

(frame and first-logic language with a variety of other languages based on it).

The emerge of XML language and its supremacy as universal language for information
exchange in the web, has driven to the development of new ontology languages that use a
markup scheme based on XML syntax to encode knowledge, such as XOL’ (Ontology
Exchange Language), SHOE® (which was previously based on HTML) and OML® (Ontology
Markup Language).

The rise of RDF combined with RDFS and its great popularity that has lead to languages
built on them, OIL, DAML+OIL and OWL, will be analyzed more in next paragraphs.

Resource Description Framework (RDF)

Noteworthy point in the development of ontology languages was the recommendation of
RDF™ (Resource Description Framework), endorsed by the W3C' [14]. RDF is not a
language; it is a standard data model for data interchange on the web. Its basic building entity
is a statement called semantic triple or just triple. A triplet is a set of three entities expressed
in the form of subject-predicate-object (Figure 4), enabling the represented knowledge to be
readable from machines.

% The Syntax of CycL: www.cyc.com/documentation/ontologists-handbook/cyc-basics/syntax-cycl
® Loom Project: www.isi.edu/isd/LOOM

* Knowledge Interchange Format (KIF): www.ksl.stanford.edu/knowledge-sharing/kif

> Ontolingua: www.ksl.stanford.edu/software/ontolingua

® F-Logic (Wikipedia): https://en.wikipedia.org/wiki/F-logic

7 XOL Ontology Exchange Language: www.ai.sri.com/pkarp/xol/

& Simple HTML Ontology Extensions: www.cs.umd.edu/projects/plus/SHOE/

° Ontology Markup Language (OML): xml.coverpages.org/oml9808.html

19 Resource Description Framework (RDF): www.w3.0rg/RDF

X World Wide Web Consortium (W3C): www.w3.0rg
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Figure 4: Semantic Triple in RDF

Subsequently, W3C presented the RDF Schema'® (RDFS) as an extension of RDF that
provides a data modeling vocabulary for RDF data [15]. RDFS provides mechanisms for
defining relationships between resources and constructing knowledge models. RDFS is
widely used by many tools and projects and set the basis for the Semantic Web. Three more
languages have built on RDFS: OIL, DAML+OIL and OWL.

OIL (Ontology Interchange Language), developed in the On-To-Knowledge project [16],
uses syntax and semantics of existing languages (XML, RDFS) and following frame-based
approaches [17]. DAML+OIL, developed by a joint US/EU ad hoc committee, combines
features of both languages, DAML™ (DARPA Agent Markup Language) and OIL [18].

OIL || DAML+0IL

XOL ||SHOE|| OML RDF(S)

XML

Figure 5: Languages stack in the Semantic Web (source: Gémez-Pérez & Corcho [19])

Web Ontology Language (OWL)

In 2001, W3C formed the Web-Ontology Working Group whose purpose was to develop a
new markup language for Semantic Web. In 2004, OWL became a formal W3C
recommendation. In 2007, W3C’s OWL Working Group, started to extend OWL and adding
new features. The new version of OWL, called OWL 2, announced by W3C in 2009.

'2 RDF Schema (Wikipedia): https:/en.wikipedia.org/wiki/RDF_Schema
¥ DARPA Agent Markup Language (Wikipedia): https://en.wikipedia.org/wiki/DARPA Agent Markup_Language
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OWL has built upon RDFS and is part of W3C Semantic Web language stack, as shown in
Figure 6. OWL facilitates greater machine interpretability of Web content by providing
richer vocabulary for describing classes, their relationships and their properties, along with

formal semantics for knowledge modeling.

User Interface & Applications '

Trust
Ontology
OWL
SPARQL o
a
RDF-S Rule: &
RIF v
RDF
r XML |
URI/IRI
T —

Figure 6: Semantic Web Layer Cake with languages (source: W3C)

OWL contains three, increasingly expressive, sublanguages: OWL Lite, OWL DL and OWL
Full.

e OWL Lite is a subset of OWL-DL offering simpler and easier implementation.
OWL Lite supports primarily classification hierarchy and simple constraints.

e OWL DL is a restricted set of OWL Full that supports maximum expressiveness
while retaining computational completeness.

e OWL Full provides maximum expressiveness and the syntactic freedom of RDF

but without computational completeness guarantee.

14 Semantic Web, and Other Technologies to Watch: www.w3.0rg/2007/Talks/0130-sb-W3CTechSemWeb/#(24)
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It must be noted that only OWL Full supposed to be an extension of RDF while the others
not. OWL is now the most prominent ontology language for publishing and sharing data

with ontologies on the Internet.

1.2.6. TooLsS

Alongside with the methodologies and languages, there have been developed a significant
number of ontology tools suitable for knowledge domain modeling, ontology visualization,
ontology merging and other modeling tasks. Many of the tools have been developed for a
particular project or by a University. Some of the tools were no longer available after the

project has finished while others are being improved and new tools are presented™.

Cardoso & Escorcio in [20], made an overview of some ontology editing tools, presented
their features and capabilities with comparison to each other. The tools examined and
compared for their support in the most important features that a tool is considered to provide

for ontology engineering:

Robust and integrated environment that support to most of the activities involved in
the ontology development process

Free and open-source software

Support of RDF, RDFS and OWL

Collaborative environment

Provide multiple ontology environment

Offer server-based environment with support for consistency checking
Visual creation and editing

Query builder

Support a methodology

Support large scale ontologies

Versioning

Interoperability

1> Ontology editors (Wikipedia): www.w3.org/wiki/Ontology editors
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Reasoner
Graphical view
Plug-ins

Tutorial and user support

Researchers presented the chosen tools and analyzed their features and capabilities based

on the set of features above. The tools that have been chosen are the following:

Protégé - Altova SemanticWorks 2006
OntoEdit - OIilEd

DOE - WebODE

IsaViz - pOWL

Ontolingua - SWOOP

Below we describe Protégé, the ontology editor that used in this thesis due to its many
advantages which described in next paragraph. More information about the remainder tools
can be found in [20].

Protégé

Protégé Ontology Editor is a free open-source ontology editor, developed by Stanford
University [21]; Protégé Desktop is now in version 5.1.0 while there is also the WebProtégé™
that offers collaborative viewing and ontology editing. Protégé provides a rich, integrated
environment that gives support to a wide range of activities involved in ontology
development process, such as conceptualization, reasoning, exchange, migration, etc [22]. It
supports the most popular ontology languages of Semantic Web and follows the RDF

specifications by W3C.

The user interface of Protégé is simple and intuitive while it offers advanced options and
tools in building simple or complicate ontologies. The user can build a new ontology, import

or merge existing ontologies and save in different ontology file formats (rdf, owl, etc). In

16 WebProtégé : https:/protege.stanford.edu/products.php#web-protege
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addition, the support and availability of a wide range of plug-ins, gives the ability to augment

its usability and expand its capabilities *"*®[23].

Furthermore, Protégé 5 comes with the HermiT OWL reasoner pre-installed. HermiT is an
OWL reasoner that supports all OWL 2 features and also performs object and data type
classification [24]. It also claims to be the fastest and more consistent OWL reasoner
available. A reasoner is an inference engine that provides classification services which
include consistency tests, satisfiability tests and subsumption tests [25]. So, the user can
check the ontology for consistency errors, identify subsumption relationships between
classes, retrieve instances or classes of a given, anonymous class expression, or even to

answer a conjunctive query.

=g, pizza (httpy//www.co-ode.org/ontologies/pizza/pizza.owl] : [EA\Documents\Dropbox\INFORMATICS & MULTIMEDIA\TheSis\Ontologies\pizza.owl] ‘ = (&) % |
I File Edit View Reasoner Tools Refactor Window Help
|® pizza (http://www.co-ode.org/ontologies/pizza/pizza.owl) 'H Search.., |
Class matrix x ‘ Annotation Properties x ‘ Property matrix ® ‘ Individuals by class E | OWLViz x | DL Query x | OntoGraf x | SPARQL Query x
Active Ontology = | Entities x| Classes x| Object Properties x| Data Properties x
I | Class hierarchy | Class hierarchy (inferred) | Annotations | Usage
Class hierarchy: Margherita [7] [ S W ] § Usage: Margherita 7] (1] = (W1 ]
.L:' [:,, }85 Show: [v| this[v| disjoints|v] named sub/superclasses
Thi, — ¥ Margherita |
v : ?I[g:l‘;?"mncem ] ) AmericanHot DisjointWith Margherita
- Country @ Margherita Disjointwith Sicliana ||
v Food @ Margherita DisjointWith PrinceCarlo &
- () IceCream @ Margherita SubClassOf hasTopping some TomatoTopping
v Pizza B Margherita rdfs:label "Margherita"@pt
- CheeseyPizza ) Margherita DisjointWith SloppyGiuseppe
- &) InterestingPizza ) Margherita Disjointwith Parmense z
-5 MeatyPizza — -
7© Namedpizza | EESTEE pISED
.Amer!can # | Equivalent To =
- AmericanHot
@ cajun
- Capricciosa Sublass OF
) Caprina @ hasTopping only
- Fiorentina (MozzarellaTopping or TomatoTopping)
: ::tr:;la;: :': @ hasTopping some MozzarellaTopping
- Giardiniera  hasTopping some TomateTopping
| @ NamedPizza
- Napoletana General class axioms
@ Parmense
: PO_IIoAdAsItra SubClass Of (Anonymous Ancestor)
® g::::::ﬁ;r):maggi ) hasBase some PizzaBase
- Rosa
- Siciliana o] | instances
- - L= .
[l ] =
To use the ressoner click Reasoner > Start ressoner Show Inferences

Figure 7: The environment of Protégé 5

" Protégé Plugin Library: https:/protegewiki.stanford.edu/wiki/Protege_Plugin_Library
'8 protégé Visualization Plugin Library: https:/protegewiki.stanford.edu/wiki/Visualization
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Protégé is the most widely used tool for ontology development, as shown in Figure 8. One
of the subjects that Cardoso studied in his survey about Semantic Web, was the usage and
popularity of ontology editors [26]. The results clearly pointed out that Protégé is by far the
most popular ontology editor. In the same survey, the great impact of OWL in Semantic Web

Is also pointed out without doubt (Figure 9).

Protégé

SWOOP

OntoEdit

Text editor

Altova SemanticWorks 2006
Other

OilEd

OntoStudio

IsaViz

WebODE
OntoBuilder

WSMO Studio

Top Braid Composer
pOWL

Figure 8: Usage of ontology editors (source: Cardoso [26])

75,9%

owL

RDF(S)
Description Logic
DAML+OIL
Flogic

WSML
Ontolingua/KIF
Common Logic
Semantic Net
SHOE

OKBC

CycL

XOL

OCML

LOOM

Other 11 ,8%

Figure 9: Ontology languages used (source: Cardoso [26])
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CHAPTER 2. REVIEW OF LITERATURE

With the evolution of Semantic Web, researchers in the area of education envisioned a
promising future for education assisted by semantic web technology. In this chapter, a
literature review is performed with focus in ontologies that developed for educational
purposes. Due to their large number and wide range, the related academic and research
contributions are classified in categories and then presented and analyzed. Because of our
special interest in the domains of Curriculum and Course, the relevant works are analyzed

further in an extra, special paragraph.

2.1 ONTOLOGIES IN EDUCATION

In spite the fact that the field of applying ontological technology in education is fairly
young, research has shown that ontology-based technologies and applications offer powerful
benefits in education and become one of the most fashioned fields of research in educational

technology.

Ontologies and Semantic Web provide a variety of applications in education domain. A
growing number of papers and articles are presented in related workshops, conferences,
journals, and books. As a result, this promising field tends to become quite broad and fuzzy.
One of the most notable projects implemented by Dicheva and her colleagues in [27], who
classified the available information of research in the domain. They presented an ontological
overview of the Ontologies for Education field and a report on the development of an
ontology-driven web portal for such ontologies. Their O4E (Ontologies for Education) Web
Portal provides a single place where anyone interested (students, instructors, researchers and
experts) can find available research information, projects and good practices in this field. The
researchers divide the whole field according to the role ontologies play in the research,
resulting in two top-level meta-concepts: Building Ontologies for Education and Using
Ontologies in Education. Speaking about the Using Ontologies in Education field, they tried
to classify it from two perspectives, technological and application, depending on the

technology implemented and the role of the ontology in a project (Figure 10).
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The classification of Using Ontologies in Education research topics according to Dicheva et

al. [27]:

« Technological perspective
Knowledge representation technology contains the topics of knowledge
organization, knowledge inference and planning
Information retrieval contains the topics of information visualization,
navigation and querying on information
Semantic Web technology which contains the topics of semantic annotation of
learning resources and knowledge reuse and interoperability.

o Application perspective
Cognitive tool for the construction, externalization, communication and
assessment of knowledge.
Type of knowledge for describing knowledge about subject domain, educational

system architecture or instructional knowledge.

Theoretical Knowledge elicitation

:snsues ’ Knowledge structuring

Ontological Knowledge formalization

Engineering | Ontology mapping and merging
i Ontology evaluation

Ontology modification and
versioning

Machine
Learning
Aspects
Information
Retrieval
Ontology Generation Aspects
and Extraction

Specific
Aspects of

Knowledge organization Building g:;:?fac:r:;
Knowledge inference | KR Technology ?"tolc’g‘es Domains
i or —_—
Planning
R Education Concepts,
Information visualization relationships
Information navigation 1R Technology Ontology Edl:gigr:les

Development
~Zeveopment | Pedagogical
issues and
constraints

Information querying /

learning objects Ontologies for

Education

Technological Manual Ontology

instructional | Semantic Perspective Development

activities annotation of: Subjective biases
authoring Semantic Using Collaborative
activities Weh Ontologies (D)niutogy .

Knowledge Technology in evelopmen

Ontology-driven Education Standards, Languages

sharing

architectures Ontology
Knowledge and services Development Ontology
reuse and Support editors
interoperability h Tools | Ontology
Knowledge construction E:\%}:l)s:;gﬁ[s

Knowledge externalization

Knowledge communication Cognitive tool
Knowledge Assessment
E-portfolios

Application
Perspective

Subject domain knowledge

Instructional knowledge |
ES architectural knowledge

Type of Knowled:

Figure 10: Ontology of Ontological Technologies in Education (source: Dicheva et al.[27])
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The classification of the related works that studied for the purpose of this thesis, based in

five main categories:

e Knowledge Domain Ontologies

e Learning Tasks Ontologies

e Competency Ontologies

e Educational Metadata Ontologies

e Ontologies for e-Learning Applications

The above classification and usage of ontologies is neither exhaustive nor exclusive. Many
ontological models and applications that have studied are based on ontologies that can be
classified to more than one of the above categories. Besides, different approaches have been

found as well as in literature and in practical ontology development.

2.1.1. KNOWLEDGE DOMAIN ONTOLOGIES

Knowledge Domain Ontologies (or just Domain Ontologies) for educational purposes used
for semantic annotation of educational content such as learning objects, instructional
activities and other learning resources. Semantic annotation enables a framework for
common knowledge base for share and reuse learning resources on a global scale.
Furthermore, domain ontologies can be very useful for knowledge organization, automated
knowledge inference, information visualization and navigation, information querying and

other activities in the domain field.

A growing number of ontologies for representing the knowledge in a domain have been

developed; some of the most important works are described below.

Some researchers, i.e. Grandbastien & Huyinh Kim Bang [28], Van Assche [29] and
Paquette [30], described frameworks where domain ontologies used for annotating learning
resources in order to enable the retrieval, reuse and interoperability of such resources.
Alberdi & Sleeman [31] designed the ReTAX framework for the taxonomic revision in

biological domain with an automated way.

Sosnovsky & Gavrilova [32] designed ontology for teaching/learning C programming to

undergraduate students but it can be used in e-learning systems too.
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Bianchi & Mastrodonato [33] introduced the use of Semantic Web services within
AgquaRing project, an EC-funded project that addresses the access and use to a large amount
of knowledge and information on aquatic environment which collected from different
resources all over Europe. In this project, there are seven ontologies covering different
aspects of the domain that used for content annotation. AquaRing ontology integrates the

seven ontologies and used for semantic services to the AquaRing portal.

In [34], Oprea supported that ontologies for University courses, in order to support
ontology sharing and reusing, should include general terms suitable to any course as well as
specific terms for the knowledge domain. The appropriate specific terms are added in the
ontology and suitable properties are attached for a specific course that the ontology intended
to be used. In the case of the designed ontology for a university e-Learning course about
Artificial Intelligence, named Univ_Edu_Onto [34], the vocabulary includes general terms
(such as discipline, curriculum, objectives, number_of credits, etc) and specific terms (such

as knowledge, inference, heuristic, cognitive_system, etc).

Mesaric & Dukic [35] presented the construction of domain ontologies for Economics
curricula in Croatia. They used common vocabularies like SUMO [36] and SENSUS [37]
and followed multilevel approach to dictionary creation. The resulted thesaurus is composed
of four layers: (a) Epistemic level (general terms and relations), (b) Domain level
(information structures specified for the domain), (c) Level of Usage (specific segments in
domain) and (d) Project level (specific implementations). Curriculum can be developed in
Domain level while Courses could be defined in the level of Usage and Learning Objects in

the Project level.

An ontological approach for the conceptualization of knowledge structures in higher
education presented by Chung & Kim in [38]. The designed learning ontology combines
different kinds of educational entities organized on a layered structure. The integrated
ontology consists of four sub-ontologies, Curriculum ontology, Syllabus ontology, Subject
ontology and Resource ontology. Upper-level ontology is connected with lower-level
ontology with one-to-many relationship. This ontology is also included in the set of existing

ontologies close to our ontology and is further analyzed later in chapter 3.
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2.1.2. LEARNING TASKS ONTOLOGIES

Apart from knowledge domain modeling, ontologies can be used for the semantic
annotation and modeling of learning tasks and educational content, such as instructional
activities, learning units, learning scenarios, learning paths, etc. The construction of such
ontologies take into account well-known standards for learning planning in order to describe
the learning entities, relations and learning paths of the learning process. The use of
ontologies can result in more effective automatic or semi-automatic tools and services that
increase the level of reusability, personalization and adaptation in Learning Management
Systems (LMS).

Mizoguchi et al. [39] discussed how a task ontology contributes to characterizing Intelligent
Educational Systems (IES). They designed a task ontology that describes concepts playing
important role in IES and their preliminary taxonomy. The top-level concepts in the ontology
are: (a) Goals of education, (b) Learner's state, (c) System's functionality, (d) Learner-System

interaction, (e) Teaching material knowledge.

In [40], Amorim et al. presented a learning design ontology that describes all the concepts
and their role in the design of a teaching-learning process based on the IMS-LD standard™.
An ontology-based framework for bridging content about learning design and learning
objects described by Knight et al. [41].

The use of ontology for annotation of learning scenarios proposed by Rius et al. in [42].
The designed ontology can contribute in the specification of existing learning scenarios as
well as the creation and validation of new ones. Barros et al. [43] presented an ontology that
integrates the learning elements and their relations in a collaborative environment that can be

used to define new collaborative learning scenarios.

19 IMS Learning Design Specification: www.imsglobal.org/learningdesign
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2.1.3. COMPETENCY ONTOLOGIES

Although it has been in use for decades, the concept of competence has enjoyed increasing
currency in the last few years in educational research and empirical studies, dealing with the
development of human resources and the productivity of education. The globalization of
labor and the international competition have resulted in growing requirements for knowledge
and skills. Hence, the productivity of educational systems has become even more crucial for
society, upgrading the role of ‘outputs’ and ‘outcomes’ at all levels of educational systems,

from elementary and higher education up to vocational and adult education.
A useful definition for competence in educational context mentions’:

“A cluster of related abilities, commitments, knowledge, and skills that
enable a person (or an organization) to act effectively in a job or situation.
Competence indicates sufficiency of knowledge and skills that enable someone
to act in a wide variety of situations. Because each level of responsibility has
its own requirements, competence can occur in any period of a person's life or

at any stage of his or her career.”

Research has shown the significant role of competence modeling for any kind of
pedagogical planning about learning and training courses based on e-learning systems [30],
[44], [45], [46].

According to Sicilia [46], ontologies offer the most functioning infrastructure for describing
a knowledge domain and enabling competence management in intelligent knowledge
management systems. In [47], Vas introduced an ontology-based model that connects

knowledge and outcomes of a study program with employment opportunities.

To sum up, ontology-based models could establish integration of competency ontologies in
learning software frameworks as an instructional tool, increasing the exchange and

reusability of learning objectives, linking competencies with learning resources, enabling the

2 Competence, definition in BusinessDictionary: www.businessdictionary.com/definition/competence.html
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management of learner’s knowledge profile and leading to higher competency-oriented
achievements [29], [30], [45].

2.1.4. EDUCATIONAL METADATA ONTOLOGIES

The classic literal definition says that Metadata is “data about data”, means it is the data
that provides information about various aspects of the data we interested in*. A more

descriptive definition used by NISO [48] describes metadata as:

“Structured information that describes, explains, locates, or otherwise makes

it easier to retrieve, use, or manage an information resource”

As far as the educational domain is concerned, there are standards and specifications for
metadata relating to resources that can be used in learning process. An overview of existing
standards and developments about metadata for learning materials has been carried out by
Barker & Campbell [49].

Based on these standards, ontologies for educational metadata semantically annotates
learning material by means of ontology terms, enabling that way the interoperability,
exchangeability and reusability of learning resources among applications. Some approaches

for describing educational content and learning material are coming next.

Valaski and her colleagues have tested the use of ontologies for automatic classification
and recommendation of learning objects according to user’s learning styles [50], [51], [52].
Lee et al. has shown the functionality of ontologies for organizing learning material of Java
courses in an adaptive learning environment by developing the JLOO (Java Learning Object
Ontology) [53].

The educational ontology that developed by Bianchi & Mastrodonato [33] within the
AguaRing project has as central concept the learning Resource in a scheme with five main

classes: (a) Resource (the learning resource), (b) Resource_Feature (resource’s main

2! Metadata (Wikipedia): en.wikipedia.org/wiki/Metadata
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educational characteristics), (c) Context (the educational level/environment), (d) Objective

(the cognitive learning outcomes) and (e) User (the target group).

Koutsomitropoulos and his colleagues [54], [55] introduced two ontologies that describe
educational content and used for delivering Semantic Web services over educational
resources in digital repositories and digital libraries systems. An ontology-based management
system for DSpace repository - follows the Dublin Core (DC) metadata schema — is
constructed in [54], which used in the University of Patras. Furthermore, because DC schema
sometimes lacks of efficient characterization of educational metadata, authors implemented
the mapping of some LOM elements that were not available in DC-Terms but were essential
in their case. For more efficiently characterization of learning objects, the researchers
developed a LOM ontology [55]. In [56], Verbert & Duval presented ALOCOM, a generic
content model for learning objects that aims to align existing learning objects in order to
enhance their interoperability. In the context of primary and secondary education, an
ontological modeling of learning resources for teaching courses for Informatics in school is

proposed in [57].

2.1.5. ONTOLOGIES FOR E-LEARNING APPLICATIONS

Ontology technology is considered to play pivotal role in supporting intelligent learning
systems [58], [59], [60], [61]. Apart from ontologies mentioned before, there are ontologies
for describing the basic components and architecture of Learning Management System
(LMS), enabling the exchangeability and reusability of educational content among Intelligent
Instructional Systems (11S) as well as the scalability and interoperability of these systems
[58].

Several researchers support the fact that Learning Management Systems can benefit from
semantic technologies and ontologies in order to provide personalized adaptive learning
experience to users. Kerkiri & Manitsaris [62] recommended methods on how ontologies
can facilitate e-learning systems to achieve personalization by using ontologies for handling
collected metadata of the user’s preferences and monitoring their learning progress. Chung &
Kim [63] and Gascueria, Fernandez-Caballero & Gonzdlez [64] also suggest the use of

ontologies in e-learning environments for dealing with learning material and designing
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learning paths as well as supporting the system to enhance the reusability of resources and

the personalization of the learning process.

Despite the continuous progress during the last decades, Mizoguchi & Bourdeau [58]
exposed common issues that need to be addressed in the research area of AI-ED (Artificial
Intelligence and Education) and discussed directions to overcoming them. They analyzed the
status and challenges in the four underlying concepts of Intelligence, Conceptualization,
Standardization and Theory-awareness within the AI-ED research which consists of the three
main research areas: Artificial Intelligence (Al), Instructional Design Science (IDS) and
Learning Science (LS). Subsequently, they discussed about the importance of ontology-
awareness in AI-ED research and how ontological engineering [65] can help to deal with
such problems and the significant role that ontology-based architecture can play in authoring

and tutoring environments.

Motivated by the tremendous growth of interest about Semantic Web, Al-Yahya, George &
Alfaries [66], developed a comprehensive review of the literature about the use of semantic
technologies and development of ontologies in e-Learning domain. They surveyed, analyzed
and classified key contributions related to the current usage and promising future of
ontologies in the field of e-Learning. Figure 11 and Figure 12 depict the increasing number

of published papers relevant to the terms ‘Ontologies’ and ‘e-Learning’.
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Figure 11: Publication Growth for the word 'Ontology" (source: Al-Yahya et al. [66])
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Figure 12: Publication Growth for the words 'Ontology"' and ‘e-Learning’(source: Al-Yahya et al. [66])

Among several classification methods that presented in the literature, authors chose one
that is based on the subject of the conceptualization [67] and classified ontologies in four
categories: (i) Domain-Task ontologies, (ii) Domain ontologies, (iii) Task ontologies and (iv)
Application ontologies. They reported that the majority of surveyed ontologies were
classified as Task ontologies, with the summation to be over five times higher than in other
three types.

In the context of e-Learning, authors used as key characteristic the e-Learning tasks that the

ontology serves and classified the literature in this area as follows:

e Curriculum Modeling and Management where important curriculum processes may
benefit from the semantic description of curriculum elements.

e Describing Learning Domains where two main groups exist, ontologies that describe
Subject domain or either Learning task.

e Describing learner data for assessment and personalization.

e Describing e-Learning services as a shared vocabulary for interoperability and

exchangeability.

Personalization of learning is pointed out as the most popular between these, due the
modern tendencies of pedagogy, curriculum and learning environments that express the

challenge of adaptation to learner needs and requirements (Figure 13).
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Figure 13: Ontology Classification according to E-Learning Task (source: Al-Yahya et al. [66])

A concept-based, courseware-authoring, web environment, with layered ontological
support, is presented by Aroyo, Dicheva & Cristea [60]. The proposed architecture is based
on three layers, Course ontology, Subject domain ontology and Educational Metadata layer.
Its main target is to support authoring tasks of different instructors in collaborative building
and cooperative reuse of authoring content and products. Ontologies are used for
conceptualization of the course content and domain terminology allowing intelligent

assistance of courseware authors.

Adorni, Battigelli & Brondo [68] introduced two Intelligent Instructors Systems, CADDIE
and IWT, developed within research projects, that both count on ontologies and semantic

technology in order to support instructional design and learning tasks.
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2.2 CURRICULUM AND COURSE ONTOLOGIES

Turning the focus in the domains of Curriculum and Course, ontology engineering and
Semantic Web technologies can play significant role in key curriculum tasks and course

activities.

In this paragraph, we survey and analyze some notable works related to the subjects of

Curriculum and Course in an academic setting.

2.2.1. CURRICULUM ONTOLOGIES

Curriculum is considered as top-level information of educational entities of an educational
organization. It contains the list of courses of an educational period, while the sequencing
denotes the appropriate order that these learning units need to be taught in order learners to

be able to cover the subject areas and accomplish the learning goals [69].

The application of ontologies and semantic web in the context of curriculum can help
fostering the transparency, convergence, collaboration, exchangeability and interoperability

within the area of higher education [70].

Curriculum management and development can be improved through the use of ontologies
in curriculum tasks like aligning, classification, comparing, and matching between
universities, national educational systems or relevant disciplines. Semantic annotation and
indexing of curriculum items help the administration in monitoring and managing the
educational offerings of an institution, revealing useful information like course overlapping,

uncovered or less covered areas, possible synergies between courses, etc [38], [71].

Competence management and human resources management in education can also benefit
by supporting services, based on ontologies, that can facilitate student mobility, degree
comparability, credits transferability, competitiveness, accreditation, evaluation, etc [44],
[70], [72].

Furthermore, the development of ontology-based e-learning systems enhances the building
of personalized and adaptive curriculum. Personalization of curriculum based on adaptive
learning paths is the most challenging pedagogical service nowadays, as shown before in

Figure 13. Learning Management Systems, supported by ontologies, are fostered to enable
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flexibility and adaptability in curriculum and course construction process. This enhances
adaptive and personalized learning, tailored to learner’s needs and requirements. Whether the
e-Learning system dynamically sequencing the appropriate learning objects and constructing
learning paths [42], [69], [73] or the involvement of learners and teachers is allowed [63], the

contribution of ontologies is crucial.

The Bowlogna Ontology

‘Bologna Declaration’ is a joint declaration of the European Ministers of Education
convened in Bologna 1999, which aims to establish and promote worldwide the European
system of higher education [74]. Its main purpose is to unify curricula and research across
European universities in order to increase the comparability and competitiveness of European
higher education as well as to foster the mobility of students and employees across Europe.
Therefore, it proposes a number of policies and processes that need to attained such as the
adoption of a system of degrees easily readable and comparable, the establishment of a
system of credits and accreditation such as ECTS (European Credit Transfer System), the co-

operation in quality assurance and the elimination of obstacles to free mobility [74].

Nowadays, after more than fifteen years, the Bologna process is well under way with many
objectives already have been consolidated and helped in the standardization and
interconnection of heterogeneous higher education systems across Europe. However, as
stated by Demartini, Enchev, Gapany & Cudre-Mauroux in [75], there is still a long way to
go until we have an integrated and coherent European higher education system. For example,
although the consolidation of ECTS helps in certificate’s recognition and student exchange

across universities, it lacks in cohesion and automation.

Demartini and his colleagues [75] tried to address that issue by creating the Bowlogna
Ontology, a standard and reusable ontology that models an academic setting as described in
‘Bologna Declaration’. Bowlogna Ontology aims to improve the standardization,

communication and collaboration among universities across Europe.

In the design of the ontology, authors used transformation methods rather than standard
ontological engineering methods [76]. They reviewed a linguistic lexicon derived from the

Bologna reform and extracted all essential concepts and relations, which used to design the
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ontology model. Finally, this resulted in an ontology that describes all important concepts
involved in a Bologna academic environment, such as students, professors, courses, study

tracking, evaluations and ECTS credits, among other elements (66 classes total).

Researchers provided the ontology with a multi-lingual character by defining all its
concepts in four languages: English, French, Italian, and German. It is noted that it can be

easily extended and cover even more European languages.

Another important feature is that the ontology can divided in two main sections, according
to the information stored. The first one is the public section, where the information is
available publicly and to other universities, such as the ECTS credits of a course. On the
other hand, information that is required to be private (such as students’ grades in exams) is
stored in the private section of the ontology. The private section will be accessible only by
certified users. However, such kind of security and access control mechanisms can be

incorporated only with the contribution of applications, not by the ontology itself.

BBC Curricula Ontology

In 2013, BBC published the Curriculum Ontology describing the national curricula within
the United Kingdom [77]. The ontology provides a core data model of the national curricula
across the UK that also improves the organization and discovery of learning resources via the
national curricula. The data model represented in a 3-dimensional space corresponding to the

three key concepts which are the Level, Topic and Field of Study, as shown in Figure 14.
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Figure 14: The 3-D model of BBC Curriculum Ontology (source: BBC [77])
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Level expresses the stage of study (grade of school), Field of Study refers to the disciplines
of a curriculum (e.g. Math) and Topic describes educational subjects more specifically than
the Field of Study (e.g. Algebra in Math). Atomic and elementary units of a curriculum are

defined by TopicofStudy which is the combination of the three dimensions of the data model.

The ontology also provides a vocabulary combined with mappings to Schema.org
educational vocabulary. Top-level classes of Curriculum Ontology are sub-classing the
Schema.org AlignmentObject?, as shown in Figure 15. AlignmentObject describes an
alignment between a learning resource and a node in an educational framework. The use of
vocabularies enables easier discovery of learning resources by search engines, agents and

institutions.
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Figure 15: BBC Curriculum Ontology mappings to Schema.org AlignmentObject (source: BBC [77])

2.2.2. COURSE ONTOLOGIES

Course in education is a unit of teaching, usually in one subject, offered by an educational
Institute or organization to a group of students and led by one or more instructors. A course

typically lasts one academic term and leads to a course degree or diploma.

22 schema.org AlignmentObject: http://schema.org/AlignmentObject
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A list of courses with their sequence forms a university curriculum and outlines the subject
areas that covered and the learning route that students can follow. Course planning is a
pivotal pedagogical service. Two important structural tasks of course planning are course
scheduling and course sequencing [69]. Course syllabus takes into consideration the need for
course scheduling and determining useful information about the course such as instructors,
learning topics and outcomes, grading and evaluation, learning material, classroom, calendar,
etc. Course sequencing outlines learning paths for learners in order to accomplish course
goals. Learning path defines the teaching units required and the appropriate content along
with the order they must be offered. Creating adaptive learning paths that taking into
consideration learner needs and preferences is one of the biggest challenges in education
[78].

Semantic web technologies and ontology engineering have the prospect to contribute

humans and intelligent systems in several course tasks such as [60], [79], :

e Course design and construction

e Course planning

e Development of course content

e Courseware authoring

e Course review and benchmarking
e Course assessment

e efc.

The development of structured machine-readable syllabuses support teaching and learning
with intelligent services like [38], [80]:

e Syllabus recommendation

e Syllabus versioning

e Syllabus matching and interlinking

e Syllabus-based adaptive learning path

e Syllabus knowledge bases with semantic searching and browsing

In order to support the teaching of university courses, Oprea developed a course ontology

whose vocabulary includes general terms and specific terms of a course [34]. Ontology’s
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general terms are suitable for any course, enhancing that way ontology sharing and reusing,
while specific terms are course relevant. Based on the set of general terms, the ontology can
be adapted to a variety of courses across domains and incorporated in university e-learning
platforms. Ontologies can also be used for conceptual courseware authoring, searching and
assembling learning objects [32], [53]. Even though these ontologies have a specific course
subject, they can be used for sharing and reusing course’s knowledge units in most courses in
the subject of programming fundamentals. Using ontology for assembling the corresponding

learning objects facilitates the adaptability of e-learning environments.

A simple course ontology that annotates courses offered by their university, created by
Ameen, Khan & Rani in [81]. Ontology built for supporting students to discover and select

courses.

Boyce & Pahl [79] underlined the lack of educational ontologies in numerous subjects and
a reason for that, is the lack of standards and tools for the development of such ontologies.
The contribution of domain experts is regarded as essential in addressing this issue. They
stated that, with the establishment of standards and the availability of ontology tools, it
would be easier for individuals to develop ontologies in their expertise area. This will
increase the number of available ontologies and documents that are machine-processable,
driving closer towards the Semantic Web [1]. To empower their proposal, authors presented
a comprehensible method for domain experts, rather than ontology engineers, to develop
course ontologies. More details about their method are following later, in chapter Ontology

Design.

Subsequently, authors developed course ontology in order to define a minimal set of
relationships that would be sufficient and clear to represent all possible relationships for
building course ontologies. To evaluate the transferability of relationships across domains, a
second ontology for a different subject from unrelated area has been designed. Finally, the

sufficiency and reusability of the defined relationship types, proved very satisfying.

In conclusion, authors have pointed out that a well-designed ontology can be used to
describe subjects and courses in one institution as well as being transferable and reusable to
other schools too, a fact that gives great importance and research interest for the construction

of ontologies in the context of curriculum and course by institutions and individuals.
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The lack of ontologies with courseware content is a crucial issue for Zeng, Zhu & Ding too
[82]. Authors stated that educational institutions should play greater role in the creation of
educational Semantic Web. University should be responsible for the initial structure of a top-
level ontology for university courses for describing general concepts and relationships within
a course. The upper layer of course ontology, models the course’s main concepts, namely
Curriculum, KnowledgeArea, BasicConcept, Topic, LearningGoal. Afterwards, students and
teachers of university could manage the development of ontologies for specific courses. For
this purpose, in order students gain the necessary skills, an elective course named

“Knowledge Engineering and Ontology” is suggested to be offered by the university [82].

In [63], Chung & Kim presented an ontology-based e-learning system which supports
learners in building their own learning paths. The ontology model consists of three
ontologies on separate layers, namely Curriculum ontology, Syllabus ontology and Subject
ontology. Each layer includes the entities of that subject. Learners contribute in learning path
building by constructing their subject ontologies, which merged with teacher-based in
Subject ontology. During this process, learners motivated to study deeply the concepts of

curriculum, course and syllabus, achieving active learning.

In [38], Chung & Kim again, presented an ontological approach for semantic modeling of
multilevel knowledge structures in higher education area. The designed ontology follows
layered approach to describe different kinds of educational entities. Each of the sub-
ontologies includes the conceptualized entities of that layer and is linked to each other with
relationships of classes. The integrated ontology consists of four layers as sub-ontologies: (a)

Curriculum ontology, (b) Syllabus ontology, (c) Subject ontology and (d) Resource ontology.

More details about the ontologies described in [34], [38], [63], [79], [82] as well as other
ontologies that are close to the subject of this thesis are following in next chapter Ontology

Design.
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SPECIAL PART
CHAPTER 3. ONTOLOGY DEVELOPMENT

The purpose of this thesis is the semantic annotation of concepts and entities within an
academic institution aiming to model the core concepts of a tertiary education curriculum.
An educational ontology has been developed that conceptualizes educational entities within
curriculum and syllabus with sufficiency and richness. The ontology will be able to support
rich services on top for improving curriculum management and development as well as

enabling syllabus semantic searching, matching, interlinking and recommendation.

The ontology comprises of 41 concepts in a taxonomy, 9 of which are the top-level
concepts. It also includes 54 objects properties for establishing relations between concepts
and 76 data properties for describing concepts characteristics. All entities are enriched with
extra annotation information in two languages. In addition, a large number of instances

created.

In this chapter, the methodology and development process of the educational ontology are

described in detail.

3.1 METHODOLOGY

The design and development of ontology usually encompasses several tasks. There is not
one standard methodology for developing ontologies. In the literature, can be found

methodologies that order these tasks differently but the general approach is not differs a lot.

An adequate methodology for ontology creation that adopted by many researchers includes
the following seven steps [53], [79], [83]:

Determine the domain and scope of the ontology
Ascertain if there is related ontologies

Enumerate important terms in the domain

Define the key concepts as classes and class hierarchy
Describe the properties of classes

Attaching facets to the properties

N o g~ wDbh e

Create instances
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Figure 16: The development process of an ontology (source: Boyce & Pahl [79])

Another comprehensive methodology that deals with the whole development process,

includes four steps with the second step to be distinguished in three sub-steps [84], [85], [86]:

1. Scope and purpose of the ontology
2. Ontology building

a. Ontology capture

b. Ontology encoding

c. Ontology integration
3. Ontology evaluation

4. Ontology documentation.

The methodology that followed in this thesis is a combination of the above-mentioned two

methodologies and is composed of four main stages, with the second stage to be
distinguished in six sub-stages, as illustrated in Figure 17:

1. Domain and Purpose definition

2. Ontology building
2.1. Survey existing related ontologies
2.2. Enumerate important terms
2.3. Define classes and class hierarchy

2.4. Describe the properties of classes
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2.5. Attaching facets to properties
2.6. Create instances
3. Evaluation

4. Documentation
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¥
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Figure 17: The Methodology of the Development of CCSO

It must be noted that the last two stages, Evaluation and Documentation, should be
performed jointly with ontology development process in a iterative process [86]. Each stage

of this process is presented and described in details in the next paragraphs.

3.2 TOOoLS

One of the most fundamental concerns when building ontology is to choose a suitable
ontology editor. In this thesis, the tool that used for building our ontology is Protégé Desktop
[21].

Its integrated and intuitive interface makes it easier for non professionals in ontology
engineering to build their own ontology while it offers sufficient options for professionals. In

addition, the large number of available plug-ins extends its capabilities.
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Protégé supports the most known modern ontology languages with OWL 2 - the ontology
language that used in our project - among them. Furthermore, Protégé 5 comes with the
HermiT OWL reasoner included that is considered as one of the best open-source OWL

reasoners available.

Protégé is currently the most popular tool for ontology development and editing [26]. Thus,

there is a growing community of users for collaboration and support.

It must be noted that, in newer versions of Protégé, the terms ‘properties’ and ‘individuals’

are used mostly instead of ‘slot’ and ‘instances’ for the corresponding concepts.
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Figure 18: The environment of Protégé 5
OpenLink Virtuoso® is used as TripleStore for upload and storage of triples of the ontology
(Figure 19). The storage of triples in a TripleStore makes the RDF data available to the
Internet and facilitates the access and retrieval of RDF data through semantic queries in
SPARQL.

2 OpenLink Virtuoso: https:/virtuoso.openlinksw.com
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Figure 19: The environment of Virtuoso Conductor

3.3 DOMAIN AND PURPOSE

First of all, we need to determine the domain as well as the purpose and scope of the

ontology. That is, answer some basic questions [79], [83]:

= What domain will the ontology cover?
= What is the purpose of the ontology?
= What type of questions the ontology should be able to answer?

= Who will use and maintain the ontology?

This work aims to provide a general ontology for the knowledge domain of the subjects of
Curriculum, Course and Syllabus in Tertiary education, so that educational semantic web has

a knowledge base.

The purpose is to design a generalized expression of the concepts, entities and theories that
exist in the construction of a third-level curriculum. The ontology designed to be valid and
compatible for any kind of curriculum and syllabus, and being easily adapted and reused
from other schools or universities. The construction of any Curriculum or Course ontology
for a specific domain could be based on the general ontology and enriched with particular

appropriate classes, relations and instances of the domain.

An additional goal of this thesis is to support ontology based triple-store repository for
hosting Curriculums and Course Syllabuses of different educational institutions (universities,

high schools, secondary schools, primary schools, vocational training schools, etc).
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The ontology can be used for inspecting, managing and monitoring a full study course and
the repository would be useful for program reviews and curriculum improvement. Students,
teachers as well as software agents could use the stored information for searching and

comparing or constructing curriculums and course syllabuses.

COMPETENCY QUESTIONS

A good approach to determine the scope of the ontology is to define a list of questions that
introduce some scenarios for the proposed ontology in terms of its applications. These
questions are known as Competency Questions [87] and play two roles for our ontology. On
the one hand, they outline the expectations the designed ontology should fulfill, and on the
other hand they will be used later to evaluate the ontology achievements by examine the

answers given to these questions.

In the knowledge domain of Curriculum and Syllabus in higher education, considering the
possible scenarios and requirements students and instructors may have from the ontology, we
defined the following competency questions, classified in four sub-sets according the related

class or the purpose.

Questions related to Organization and Department
1. Which study programs does a Department provide?
2. Who are the alumni of a Department?
3. Who are the employees of a Department?
4

. Who are the members of the Academic Staff of a Department?

Questions related to Person
5. Which degrees does a Person have?
6. Which Courses does a Professor teach?
7. Which Courses does an Assistant assist in?
8. Which Publications has a Person authored?

9. Which Courses has a Student successfully completed?

Questions related to Course and Syllabus
10. Who are the Instructors of a Course?
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11. Who are the Students that attend a Course??
12. Which are the Syllabi of a Course?

13. Which are the Topics and Learning Outcomes of a Course?

Questions related to study planning

14. Which Courses are included in a study program?

15. Which are the core Courses in a study program?

16. Which Courses have prerequisites (and what are they) in a Study Program?
17. Which Courses cover a Knowledge Area?

18. How many credits has a Student got so far?

19. Can a Student enroll in a Course?

20. Can a Person register in a study program for a degree?

Considering this list of questions, the ontology should contain information about several
properties of its core concepts. Speaking about the Department, it should include information
about listed study programs, alumni and employees while the ProgramofStudy should inform
about courses included, students and credits. As to the Course and Syllabus, it should include
information about instructors and attendees of a course, requirements, credits, topic, as well
as sufficient data for describing a course such as type of course, semester that it is offered,
etc.

3.4 BUILD THE ONTOLOGY

Building domain ontology requires deep understanding of the domain of interest. The
necessary additional knowledge can come from domain experts, textbooks and existing

ontologies.

Domain experts offered meaningful help with their knowledge and experience in all phases
of the development. Textbooks and documents were another important source of information,
especially during the phase of ontology capture. International curricular guidelines, syllabus
templates and school study programs have been taken into consideration. Existing ontologies
can also offer powerful help in building the ontology, either with full integration or by

Importing some parts of them or as worthwhile case studies.
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3.4.1. SURVEY EXISTING ONTOLOGIES

Survey and consider reusing existing ontologies should be one of the first actions in

ontology design. Probably, there must be a number of ontologies already available that can

be refined and extended for our particular needs. Even if it is not compatible enough to

merge, it may be a good source of inspiration and guidance.

The survey for existing educational ontologies focusing in Curriculum and Course Syllabus

included research in search engines and ontology repositories. We search for available

ontologies using the following search engines:

Google google.com
Common search engines are designed to work unstructured text in natural

languages. However, Google can be used for finding ontology documents by using
the facility “filetype:” and limiting the results to ontology files (like RDF, OWL,
etc).

Swoogle http://swoogle.umbc.edu

Swoogle is a search engine for the Semantic Web, introduced by Li Ding and his
fellows [88]. It is a crawler-based indexing system for Semantic Web documents
that also extracts metadata and inter-document relations from discovered
documents. It allows users to query for ontologies that contain specific terms as
Classes, Properties, Instances or Comments and to discover how documents are
inter-connected (usage and imports).

OntoSearch WWW.ontosearch.com

OntoSearch is a tool that combines the Google search engine with ontology
visualization capabilities [89]. OntoSearch based on Google APIs to search and
retrieve RDFs files. The user can chose any of the returned documents to view their
taxonomy visualized.

SemSearch http://technologies.kmi.open.ac.uk/semsearch

SemSearch is a keyword-base semantic search service that allows users to specify
queries with subject and keywords. In the website someone can find useful
information about the project. Unfortunately, the search service that is in page

‘Applications’ seems to be unavailable.
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= Google Scholar scholar.google.gr

Google’s search engine for academic publications. It searches and indexes academic

works published in academic journal articles, books or thesis.
The search included also the following ontology repositories:

= DAML Ontology Library www.daml.org/ontologies

= Ontolingua ontolingua.stanford.edu

= SHOE www.cs.umd.edu/projects/plus/SHOE

We focused our research in ontologies which conceptualizes knowledge and learning
concepts, i.e. Curriculum, Course and Syllabus. First and foremost are two seminal
ontologies, BBC Curriculum ontology [77] that models UK Curriculum and Bowlogna
ontology [75] which describes the concepts in an academic environment according to
Bologna Process. These two, plus two ontologies designed by Chung & Kim [38], [63] were

the most influential in the development of our ontology.

Ontologies designed by Chung & Kim in [38], [63] have similar core concepts. Zeng et al.
[82] and Oprea [34] presented ontologies for university courses as well as Boyce & Pahl [79]
who also described a method of constructing course ontologies. Another interesting ontology,
is the SWRC ontology, developed by Sure at al. [90], that models research communities and
related entities within. It must be noted that it wasn’t possible to find the ontology files but
only the works which presented the ontologies. The only exception, is the SWRC ontology

whose files are available online [91].

Demartini et al.,, The Bowlogna Ontology [75]

Demartini and his fellows [75] developed the Bowlogna Ontology which describes the
entities and relations involved in an academic institution according to Bologna Process [92].
The ontology aims to facilitate automated processes and workflows across European
universities. Improving student mobility is one of the main goals of Bologna process, thus,
Bowlogna ontology pays special attention in course’s grading system and student’s study

tracking.
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Figure 20 shows some classes with their relationships in the Bowlogna Ontology. The
ontology contains 25 top-level classes (66 in total) and models an academic setting. Some of

the key classes in this ontology are:

Academic_Degree - Evaluation
Professor - ECTS_Credits
Student - etc.

Teaching_Unit

- T, o <7 - —
a— \ \\' . * @ Validation
?. Department v / Q\\ T~ -
¥ @ Thesis
* @ Thesis_Supenvis §
* @ Study_Track
g Major_Area | | [¥g Minor_Area ¥
* @ Academic_Degree
T U
I @ Bachelor l I @ Master I

o P B - )
| @ Bachelor_Of_Sci | | ® Master_Of_Scien I | @ Master_Of_Arts | @ Bachelor_Of_Art I
ence ce s

Figure 20: Some classes and their relationships in the Bowlogna Ontology (source: Demartini et al. [75])

Despite Bowlogna ontology is quite relevant to our ontology, it is used as a notable case
study and reference instead of merge it into our ontology since it has different purpose and

sets its focus in facilitating study tracking, student evaluation and degree transferability.

BBC Curriculum Ontology [77]
BBC’s Ontology models the UK curriculum using three key concepts in a 3-dimensional
space, i.e. Levels, Field of Study and Topics. The 3-D diagram is shown in Figure 14 at the

previous reference for the ontology.

Level denotes the stage of study (e.g. 1st grade of Elementary School) with four sub-classes

corresponding to the four different ways to specify the level: Age, KeyStage, Year and Phase.
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Field of Study refers to the disciplines of a curriculum such as Maths, History, English, etc.
Topic defines educational subjects in a more specific way than the Field of Study (e.g.

Geometry in Math, energy in Physics).

ProgrammeofStudy is the combination of these 3-dimensions Level, Topic, FieldofStudy
and defines the atomic units of a curriculum. The diagram in Figure 21 shows the classes and
properties have been defined in the ontology.

)

Figure 21: Classes and Properties in BBC Curriculum Ontology (source: BBC [77])

Although, BBC’s data model may be applicable for describing curricula in other countries,
we didn’t merge it because it describes curriculum in a broader view incorporating
information that would be superfluous in our curriculum ontology. BBC’s ontology formally
describes the national curricula; therefore it goes in deep analysis about topics and content

mainly in compulsory education while our focus is after that stage of study.

Semantic Modeling of Educational Curriculum & Syllabus 57



However, it was quite helpful for studying the concepts of ProgrammmeofStudy,
FieldofStudy, Topic and their relations, as they are also included in our ontology as presented

later in Table 4.

Chung & Kim, Ontology Design for Creating Adaptive Learning Path in e-Learning
Environment [63]

In their first work, Chung & Kim [63] designed an ontology-based e-learning system which
could enhance active learning allowing the creation of adaptive learning paths by learners
themselves. The proposed ontology model integrates multiple ontologies on different layers,
i.e. Curriculum ontology, Syllabus ontology, and Subject ontology. Each ontology contains
classes, properties and relations for describing the knowledge and concepts of the particular
domain. Figure 22 shows the ontologies and the relationships between them with some

classes and properties.

CURRICULUM ONTO. SYLLABUS ONTO. TOP-LEVEL ONTO.
Course Syllabus Syllabus 7 g ° .Topic
A A f Location °
B S : Person
prerequisiteOf hasSyllabus OldVersionOf /~ OldVersionOf -~ ®Time
Course > Syllabus(Identification of a course) \ @cyent
advancedOf | ”‘ISI”St?"‘Ct‘;;;Mat’m'i - N hasLectureTimé LectureTime
‘ eHUCEF ; hasSchedule hasI.e;tureRoom
! hasSubtype ) Material y .
Course / Schedule LectureRoom
Professor "' hasSubject
Subject

MainTopic  MainTopic
SUBJECT ONTO.

Figure 22: The ontologies and the relationships between them (source: Chung and Kim [63])

Curriculum ontology establishes connections with one or more syllabus ontologies, each of
them contain one or more subject ontologies. Some classes that included in the three

proposed ontologies are listed in Table 1.

Ontology model designed in this work have some similar parts with our project but it has
different purpose. It is meant to support e-learning system where users will be able to build
their own learning paths. Subject ontology plays significant role in building learning paths so
it is described in depth with information that, currently, is unnecessary in our ontology.

Moreover, some Kkey concepts essential for our ontology are missing, such as
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EducationalOrganization and Discipline which however are included to the next ontology by

the same researchers.

Curriculum ontology  Syllabus ontology Subject ontology
ProgramOfStudy Syllabus LearningConcept
Course Instructor FundamentalConcept
KeyConcept Professor AdvancedConcept
AttainmentGoal Material RelatedConcept
AttainmentLevel Schedule Example
etc. LectureRoom etc.

etc.

Table 1: Classes included in the three integrated ontologies (source: Chung & Kim [63])

Chung & Kim, An Ontological Approach for Semantic Modeling of Curriculum and
Syllabus in Higher Education [38]

In this work, researchers kept the multilevel approach in the design of the ontology which
has been extended further. The presented learning ontology conceptualizes different kinds of
learning concepts based on a layered structure consist of four ontologies which are
Curriculum ontology, Syllabus ontology, Subject ontology and Resource ontology. In this
paper, Curriculum ontology and Syllabus ontology are described in detail. Figure 23 shows
the four layers of the ontology while its classes are listed in Table 2. Upper ontology can

connect with one or more lower ontologies through relationships.
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Figure 23: The four-layered integrated Learning Ontology (source: Chung & Kim [38])

Curriculum ontology

Syllabus ontology

Subject ontology

Resource ontology

Discipline
BodyOfKnowledge
KnowledgeArea
UnitOfKnowledge
Competency
University

College
Department
Course

MajorCourse,
ElectiveCourse,
DesignCourse

etc.

Syllabus
Instructor
LearningQOjective
LearningMaterial
TeachingMethod
LearningMethod
Assignment
ExamQuiz

etc.

Concept
LearningConcept
FundamentalConcept
AdvancedConcept
RelatedConcept

etc.

Article
Book
Movie
File
Webpage
Image
Audio

etc.

Table 2: Classes included in the three integrated ontologies (source: Chung & Kim [38])

The designed Curriculum Ontology provides classes and properties aiming to represent the

knowledge structure of disciplines as well as the curriculum structure (Figure 24). It can be

used by people in education for supporting curriculum building, comparison and progress.
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Discipline KnowledgeArea | {msUn itOfKnowledge
) =T A .
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| BodyOfKnowledge | ~_/
Course

__ArasElectiveCourse™_
hasDesignCourse Y hasMajorCourse

DesignCourse || ElectiveCourse MajorCourse

Figure 24: Classes and relationships in Curriculum ontology (source: Chung & Kim [38])

The goal of Syllabus ontology is to support people and machines in intelligent services
about syllabus such as syllabus matching, syllabus versioning, adaptive learning paths

construction with syllabus recommendations, etc (Figure 25).

™ - Teacher
~———o— Instructor —2
/ — Assistant

——o—  LearningObjective

" TextBook |

o—  LearningMaterial
. v

Syllabus }— o+—  TeachingMethod

~

—_— l.— Multimedialtem |
l Article |

WebResource |

~——o—  LearningMethod
\ !

——o—  Assignment

——o—  ExamQuiz

h
——o—  Evaluation

—_—
——o—  LectureSchedule —@©—| LearningConcept
! A -

Figure 25: Class hierarchy of the Syllabus ontology (source: Chung & Kim [38])

Moreover, to measure the achievement of learning objectives from the students, researchers
designed a learning objective class using a structured format of learning objectives based on
Boom’s taxonomy (Figure 26). In order to automatically calculate the achievement level,
they created an achievement matrix. In addition, they specified methods for syllabus

classification of heterogeneous syllabuses and syllabus integration.
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N\ “1. What ...
1 2. Why ...
. . 3. Solve ..
Learning Subject .
. Assignment
Week3. Data Types 4. Implement ...

3-1. Why need ...

3-2. Data types Presentation
3-3. Variables 1. Describe ..
3.4, . '
Project
1. Design ..

2. Implement ...

Figure 26: Classes for measure the learning achievement (source: Chung & Kim [38])

The previous two ontologies presented by Chung & Kim are quite close to our educational
ontology, sharing some similar points and goals but there are differences too. Some of the
goals and usages of their ontology are beyond our intentions without this to dispute their
significance. However, the most important difficulty was that neither of them is available
online.

The list below depicts the important terms of the integrated ontology which are also listed

in the combined Table 3 in next paragraph:

Curriculum
University

College
Department
Discipline
BodyOfKnowledge
KnowledgeArea
UnitOfKnowledge
Competency
ProgramofStudy

Course

Syllabus

Instructor
LearningOjective
LearningMaterial
TeachingMethod
LearningMethod
Concept
LearningConcept
FundamentalConcept
AdvancedConcept

RelatedConcept
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Zeng, Zhu & Ding, Study on Construction of University Course Ontology: Content,
Method and Process [82]

Ontology proposed by Zeng, Zhu & Ding [82] presented a top-level ontology that models
the general concepts and relationships of a course. The main concepts described in their
ontology are: Curriculum, KnowledgeArea, BasicConcept, Topic and LearningGoal (Figure
27). Researchers state that the top-level ontology should be the base for the development of

any other specific course ontology.

curriculum ontology

Example
\
o curriculum
T [ELEN

\ knowledge area
ing Goa PR Topic|
\-‘-\-—-

Basic Concept

Motion Skills

Figure 27: The top-level Course ontology (source: Zeng et al. [82])

In this work, the ontology is described shortly without many details and the classes that
used are rather common in educational ontologies. The described process of the ontology

development was helpful as a general guide, although it was also short.

Oprea, An Educational Ontology for Teaching University Courses [34]

Oprea developed an educational ontology for supporting a teaching system of university
courses [34]. She developed a course ontology, named Univ_Edu_Onto, with a vocabulary
consisted of the general terms of a university course such as discipline, curriculum, objective,
professor, audience, etc. The ontology aims to become a top-level ontology for building
specific courses ontologies with the addition of course’s specific terms. Figure 28 shows the
general terms on the ontology and the specific terms for a course about Artificial
Intelligence. The main relationships used in the ontology are has, part_of, required_by and

IS_a.
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Univ_Edu_ Onto

~

GENERAL TERMS
course: curriculum: objectives: audience: length: bibliography: resource:
pedagogical resource: learning_resource; didactic_method: learner_profile:
course_overview: content; chapter; sub-chapter; examination; test; exam;
exercise; problem: application; software: course notes: FAQ: basic_concept:
advanced concept: course _evaluation: textbook: theory: professor: ...
o /

SPECIFIC TERMS

artificial _intelligence: knowledge: heuristic: inference; deduction: induction:
knowledge base; inference engine: cognitive systeni: reasoning systein:
knowledge representation: knowledge engineering: ontology:
search_algorithm: informed search: knowledge based system:
expert_system; explanation module: machine learning: intelligent system:
reasoning_chain: rule_based system: rule base: facts base: rule_induction:
logic_programming; best_first strategy: ...

- /

Figure 28: Terms of a university course ontology (source: Oprea [34])

Below is the list of some of the general terms that have a meaning about our project, which

are also listed in the combined Table 4 in next paragraph.

Course -+ Examination
Curriculum - Test

Obijective - Basic_Concept
Resource - Advance_Concept
Didactic_Method - Course_Evaluation
Course_Overview - Professor

Content

Since Univ_Edu_Onto assists an e-learning system, Oprea describes entities within a course

in depth including terms and information unneeded in our case.

Boyce & Pahl, Developing Domain Ontologies for Course Content [79]
Boyce & Pahl presented a systematic approach to Ontological Modeling of Domain
Ontologies. Particularly, they focused in defining education-specific relationship types that

can be used by domain experts to conceptualize rich domains adequately [79]. In order to
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separate the knowledge structure from the associated content, they split the overall

knowledge into two spaces, the concept space and the educational content space.

The relations defined in the concept space are IsBasisOf, HasSubtype, HasPart,
HasConstraint and HasFunction. ‘HasSubtype’ is the substitute of ‘Is-A’ relation and that
makes it the most common relationship type. Researchers noted that the use of ‘Is-A’ relation
often resulted in the creation of inappropriate relationships by being used to relate concepts
with their definition or show synonyms rather than describe a generalization/specialization

relation.

In the educational content space, the defined relationship types are HasDefinition,
HasSynonym, HasAsExample and HasFurtherExplanation. The two sets of relationships
have been defined during the design of ontology for course content in the database domain.
The transferability of the relationships has been tested with the implementation of a second
ontology in a different educational domain, i.e. enzymology, where only one relationship
didn’t used.

The two ontologies developed by Boyce & Pahl, have different target than our ontology
describing the teaching content of the courses. In their work, researchers analyzed the
ontology development process they followed (Figure 16), which presented by Noy &
McGuinness [83] and influenced our work too, as shown before in. Finally, we used some of

the relationships specified in the concept space, i.e. hasSubtype and hasPart.

Below we review ontologies related to the concepts of Curriculum, Course and Syllabus
which have been found in our research in search engines and ontology repositories. Their

ontology files are available on the web and can be reused

University Ontology - Department of Computer Science, University of
Maryland

Source: www.cs.umd.edu/projects/plus/SHOE/onts/univ1.0.html

This ontology is written in SHOE language [93] and describes the organizational structure
of a university and the activities occur in it. It includes concepts such as faculty, student,

course, research, and publication. Its focus is mostly at the affiliation between a person (as
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professor, researcher or student) and the organization. There is a class Course (sub-class of
the class Work) which describes a course from the perspective of work for a member of
Faculty class and the perspective of event (class Schedule) for an organization. There is some
information useful for our project but important concepts, such as Syllabus and Subject do
not exist at all. The classes and properties of the ontology are depicted in Figure 29 as Univ-

CS ontology, which illustrated there, is a small extension of the University Ontology.

Univ-CS - Department of Computer Science, University of Toronto

Source: www.cs.toronto.edu/semanticweb/maponto/MapontoExamples/univ-cs.owl

This ontology extends the, previous mentioned, University Ontology (SHOE) with some
sub-classes, meaningful for a Computer Science Department. Like its base ontology, it lacks

information about essential concepts for our project.

The SHOE version of the ontology can be found in the repository of SHOE language
ontologies of the Department of Computer Science in the University of Maryland

(www.cs.umd.edu/projects/plus/SHOE/onts/cs1.1.html). Figure 29 presents the classes and the

properties of the ontology in Protégeé.
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¥ Student
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: UndergraduateStudent
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- ClericalStaff
o Dean
- Director
L SystemsStaff
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- Lecturer
po PostDoc
v Professor
AssistantProfessor
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Chair
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FullProfessor
VisitingProfessor

' Publication
¥ Article
L) BookArticle
ConferencePaper
JournalArticle
TechnicalReport
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----- Book
----- Manual
¥ Periodical
: Journal
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----- Proceedings
----- Software
----- Specification
¥ Thesis
: DoctoralThesis
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----- Unofficial Publication
Schedule
~ Work
- Course
o Research

vl owl:topObjectProperty

- Il advisor

- affiliated Of

~- M affiliated Organization
-l alumnus

-l doctoralDegreeFrom
-l hasGroup

~- M hasOrganization

-l hasTAs

- head

-l instructor

-~ listedCourse

-l mastersDegreeFrom

~- Il memeber

-l ofArea

-l orgPublication

- publicationAuthor

-l publicationFirstAuthor
-l publicationResearch

~- M researchInterest

-l researchProject

-l softwareDocumentation
-l takesCourse
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v--mlowl:topDataProperty

----- N orgName

----- B personName

----- m publicationDate
----- M pubTitle

----- M scheduleTitle

----- m softwareVersion
----- I tenured

----- m workTitle

Figure 29: The Classes and Properties of Univ-CS ontology in Protégé
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AIISO (Academic Institution Internal Structure Electrical

Engineering and Computing, University of Zagreb

Ontology) -

Source: vocab.org/aiiso/schema

AlISO ontology describes the internal organizational structure of an academic institution. It
Is a knowledge organization ontology which includes classes and properties for describing
entities within an institution and can mainly be used internally the institution by people who
work there (Figure 30). It was useful in our project for studying the internal organizational

structure of an educational organization.
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- containsCourseInstance
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v owl:Thing
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--m#"has parent CourseInstance’
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v--mlowl:topDataProperty

----- B abbreviation

----- ® academicTitleAbbreviation
----- B academicYear

----- B emailAddress

----- m faxNumber

----- B isInAverage

----- ®m obligatory
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Figure 30: The Classes and Properties of AIISO ontology in Protégé
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Univ-Bench -
University

Department of Computer Science and Engineering, Lehigh

Source: swat.cse.lehigh.edu/onto/univ-bench.owl

Univ-Bench is a university ontology developed for benchmark tests. Its main classes are:

organization, person, publication and work. It gives a detailed view of the organizational

structure of an institute and the kinds of affiliation between an organization and a person as

employee or either as student (Figure 31).
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'systems staff worker'
¥ 'faculty member’

= lecturer

= 'post doctorate’

b professor
----- ‘graduate student’
V-5 student

B 'undergraduate student’
----- 'university research assistant’
----- ‘university teaching assistant’
¥ publication
B0 article
..... book
----- manual
----- 'published specification’
----- ‘software program’
----- 'unnoficial publication’
----- schedule
v Work
= ‘research work’
¥ 'teaching course’

B ‘Graduate Level Courses’

VW owl:topObjectProperty

i’----_-'has a degree from’
----- ™= ‘has a doctoral degree from’
™= ‘has a masters degree from’
:.m®'has an undergraduate degree from'
----- M 'has as a member’
----- M= ‘has as a research project’
----- M 'has as an alumnus'
----- M ‘is a teaching assistant for'
----- M 'is about’
----- m 'is affiliated with’
----- m 'is affiliated with’
----- = ‘is being advised by’
----- M 'is documented in'
----- M 'is part of
----- s taking’
----- M 'is tenured:’
----- . 'is version’
----- m 'lists as a course’
V- 'member of’
v "Works For’
.. 'js the head of’
----- m publishes
----- M teaches
----- = ‘'was written by’
----- B 'was written on’

vl owl:topDataProperty

----- = ‘can be reached at’

----- mu ‘telephone number’
----- mmtitle

Figure 31: The Classes and Properties of Univ-Bench ontology
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SWRC Ontology (Semantic Web for Research Communities)

Source: ontoware.org/projects/swrc

SWRC ontology models key entities within research communities [90]. The ontology
comprises of six top level concepts, named Publication, Person, Organization, Event, Topic
and Project (Figure 32). It contains classes and properties for describing typical research
communities and the relationships between them and is used by some portals and

applications for the semantic annotation of their resources and publications [90].

¥ owl: Thing V- owl:topObjectProperty V-l owl:topDataProperty
¥ Document - affiliation -l abstract
¥ Publication - atEvent -l address
-0 Article - M carriedOutBy - chapter

Book m carriesOut
Booklet - cite
Collection - citedBy
InBook - cooperateWith
InCollection - dc:contributor - dc:coverage
InProceedings ® dc:creator  dc:date
Journal i dc:publisher m dc:description
Magazine m dealtWithIn m dc:format
Manual mm describesProject ¥-mm dc:identifier
Misc - mldevelopedBy L isbn
- Proceedings - mmdevelops - mmdc:language
¥ Report m editor dc:relation

ProjectReport employs dc:rights
- TechnicalReport = financedBy -l dc:source
ResearchPaper -l finances -l dc:subject

v--@ Thesis . givenBy -l dc:title
DiplomaThesis
MasterThesis

PhDThesis
UnrefereedArticle
Unpublished m headOfGroup -
¥ Event - Il isAbout -l howpublished
-~ Collogquium - Il isWorkedOnBy -l journal
Conference - member
Exhibition = memberOfPC
Lecture organization
' Meeting B institution
: ProjectMeeting -l organizerOrChairOf

Seminar - il putcomeDocument
GraduateClass
UndergraduateAdvancedClass
UndergraduateIntermediateClass

Workshop
¥--{0 Organization
- Association - publisherOf
Department -l Root
Enterprise -8 RootRelation
Institute - school
ResearchGroup  student
University m studiesAt . mMeventTitle
h & Person W supervises B type
Y Employee W supervisor m volume
¥ AcademicStaff mm technicalReport e year
y FacultyMember - mlvendor
-{ AssistantProfessor - mmworksAtProject
AssociateProfessor
ExchangeProfessor
FullProfessor
HonoraryProfessor

ProfessorEmeritus
- VisitingProfessor
-} Lecturer
Administrativestaff
Manager
TechnicalStaff
v Student

Graduate
-~ PhDStudent
Undergraduate
¥ Product
() SoftwareComponent
V-0 Project
v () DevelopmentProject
: SoftwareProject
ResearchProject
Topic
- ResearchTopic

Figure 32: The Classes and Properties of SWRC ontology in Protégé
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instOntology - Indian Statistical Institute

Source: www.isibang.ac.in/~bisu/ontology/instOntology.owl

InstOntology is an institutional ontology that provides classes and properties for describing
the teaching entities in the institute. It includes five main classes named Centre, Person,
Course_Name, Event and Publication. The classes and properties used with the existed
instances, shows that the ontology aims to describe events and activities relevant to the
teachers and students that occur inside the particular institute and used by employees or
applications inside there (Figure 33). It can be adjusted and reused by other institutes

because of its typical structure.

v owl:Thing V- owl:topObjectProperty

L

Centre
) Course_Name
b PhD_Programme
: 'Post Doctoral Programme”
Postgraduate_Course
- ADIS
MMath
¢ ) MStat
v Undergraduate_Course

v AdministrativeStaff

v--{ Article
i+~ BookArticle
ConferenceArticle
JournalArticle
WorkshopArticle

—mm affiliationOf

M belongsToCentre
M centretHead

- M editorOfEvents

-l eventsEditor

- M hasAffiliation

-1 hasArticlePublication
~ M hasAuthor

-~ M hasBookPublication
BMath M hasDiscipline
BStat -l hasGender
----- Discipline -l hasPrincipalInvestigator
V{3 Events - M hasQualification
o Conference ~ M hasResearchInterest
b Workshop -l hasSupervisor
----- Gender - M listed Course
¥ Person - pgStudent

-l principleInvestigatorOf

Director -l projectAssistantOf
- Assistant - WM researchArea
i ProjectAssistant -- M researchInterestOf
- Student - M supervisorOf
- Postgraduate_Student - I ugStudent
- Research_Student M unitHead
Juni_or_Researl:h_Student v..mmowl:topDataProperty
- Senior_Research_Student mage
-} Undergraduate_Student | = Award
v-8 Teal:hr?r ----- m basicSalary
Assistant_professor 00 I city
Associate_Professor = = country
®Professor 1 == dateOfBirth
----- Project . email
v~ Publication B 'Events Attended’

----- B 'First Name'

----- B grossSalary

----- M hasProjectDuration

----- ® hasTeachingExperience

- WorkshopAaracle 0 B heldOn
Boo'kd' I B homepage
pPeriodical B lastName
Journa_l ----- B phoneNo
_ - MEIQEI_ZIHE ----- B projectEnds
Iy TP;:;l;uiafdlngs ----- B projectStarted
: Thesis m publicationDate
Doctora ests il B resourcePersonOf
) !\-Ias._tersThems ..... = 'Roll Number'
----- Qualification -l state
----- Research_Inte_rest - Il topicOf
----- Research_Topic - EmZIP

Unit

Figure 33: The Classes and Properties of instOntology in Protégé
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Karma-Syllabus Ontology

Source: github.com/szeke/karma-tutorial/blob/master/ontology/syllabus.owl

This ontology was the most relevant result when searching for ontology files with the word
‘syllabus’ in the filename. It built during the development of a software testing tool named
Karma Tutorial®. It contains few classes and properties and describes teaching and
evaluating events happen in a course (Figure 34).

¥ owl:Thing v--mowl:topObjectProperty
¥4 Course - mm hasGrader
L e Course ®= hasHomework

¥ Event ®= hasInstructor
¥ Event ® hasLecture
¥ EvaluationEvent -~ mM hasProjectEvent
S Homework ... hasTeachingAssistant
V@ Teachingevent 7 g oulitopDataProperty
: y-- erms:date
@ Course . ‘-mmhasEventDate
v. fuaf'-F;; rsc:_:cture V- dcterms:identifier
P ' - twitterId
PooEe Person
¥ Meeting
- Lecture

Figure 34: Classes and Properties of Karma-Syllabus Ontology in Protégé

Summary of the evaluation of existing ontologies

Briefly, we can say that most of the previous mentioned approaches presented, have
similarities and complete each other for describing the subjects of educational curriculum,
course and syllabus. However, there are points that are very general or either very detailed
for our ontology and are not adopted, points that are modified or extended as well as points
that needs to be added. Ontologies that found with online research, lack in documentation
which makes it difficult to understand and making the most of them. As to the ontologies
presented in literature [34], [38], [75], [79], [82] there are not any ontology files publicly
available. Probably some were either only design proposals while others haven’t been

published. The only exceptions were BBC Curriculum Ontology [77] and SWRC Ontology

24 Official Karma website: http://karma-runner.github.io/0.12/index.html
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[90] with ontology files and documentation available. We used and adjust some parts of
available existing ontologies in composing and building our ontology as well as reputable

references and noteworthy case studies.

3.4.2. ENUMERATE IMPORTANT TERMS

Before describing concepts, classes and relations, it is a good practice to write down a list
of all possible terms we would like either to describe or to make statements about. At this
step, it is important to make a complete list of terms without worrying about concept
overlapping, relations or properties they may have. This list will probably change during the
next two steps with the definition of the classes and hierarchy and the description of the

properties.

Initially, we inspected carefully the existing related ontologies that mentioned in the
previous paragraph and extracted the important terms that could be included in our list. Table
3 lists the important terms in existing ontologies. Some of these terms may overlap or
correspond to the same concept (such as ProgrammeofStudy and AcademicDegree) but the

goal is to guide us in making our own list.

BBC Curriculum ontology [77]
Level

Field of Study

Topic

Topic of Study
Programme of Study
Bowlogna Ontology [75]
Curriculum

Field of Studies
Academic Degree
Department

Educational Module
Subject

Study Track

Learning Activity
Learning Outcome
Teaching Unit

Professor

Student

Thesis

Learning Ontologies by Chung & Kim [38],[63]

Discipline BodyOfKnowledge
KnowledgeArea UnitOfKnowledge
Curriculum

Competency

University College
Department

ProgramOfStudy

Course

KeyConcept

AttainmentGoal AttainmentLevel
Syllabus

Instructor Professor
Schedule LectureRoom

LearningOjective
TeachingMethod

LearningMaterial
LearningMethod

Concept
LearningConcept FundamentalConcept
AdvancedConcept RelatedConcept
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Course Ontology by Zeng, Zhu & Ding

SWRC Ontology [90]

Curriculum Publication
Topic Person
Knowloedge Area Organization
Theorem Event
Example Topic
Learning Goal Project
Univ_Edu_Onto by Oprea [34] Univ-CS
Course Organization
Curriculum Student
Objective Faculty
Resource Publication
Didactic_Method Work
Course_Overview

Content AIlISO
Examination Course

Test Module
Basic_Concept Programme
Advance_Concept Study
Course_Evaluation Organization
Professor Person
Univ-Bench instOntology
Organization Centre
Person Person
Employee Course_Name
Student Event
Publication Publication
Work

Table 3: Important terms in existing ontologies

Furthermore, we analyzed a wide range of textual syllabuses available on the web and
advised templates included in the Accreditation Template of Hellenic Quality Assurance &
Accreditation Agency (HQA) [94] that establishes the procedure of academic accreditation of
programs of study in Higher education in Greece, according to Law 4009/11. We also
referenced the Computer Science Curricula 2013 [95], a report from the ACM/IEEE-CS joint
task force which provides important guidance on curricular structure and development for

undergraduate programs in the area of Computer Science.
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Finally, we concluded in a comprehensive list of all important terms within the subjects we

are interested in. Table 4 shows the list of terms divided in two sets.

Curriculum Syllabus
Curriculum Course

Educational Organization Topic

University Concept

Department Syllabus

Discipline Teaching Unit (Module)
Knowledge Body Event

Knowledge Area Instructor (Professor)
Knowledge Unit Student

Learning Competency Learning Outcome
ProgramofStudy (Academic Degree) Teaching Method
Person Learning Method
Course Learning Material
Publication Evaluation

Table 4: List of important terms within the subjects of Curriculum, Course and Syllabus of CCSO

3.4.3. DEFINE CLASSES AND CLASS HIERARCHY

This step and the next one - defining classes and hierarchy and describing properties of

classes - are probably the most important in building process as well as closely intertwined.

In order to define the classes, we referenced the list of terms we built before (Table 4) and
underline the main concepts of these terms. Main concepts may represent the super-classes in
our ontology (e.g. Discipline, EducationalOrganization, ProgramofStudy, Person, Course,
Syllabus, Event) with the remainder to be sub-classes or standalone classes but this will be
more clear during hierarchy definition. We also took into consideration some tips for
avoiding errors during class definition process [83]: classes represent concepts so despite the
synonyms or several names in multiple languages they represent the same class; a class can
also model abstract/mental concepts if needed; keep a balance and decide wisely whether a

distinction is modeled as a class or an attribute (property).
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Three formal approaches about developing a class hierarchy have been found in literature
[83]:

1. The top-down approach goes from the “Whole” to the “Part”. The development
starts with the definition of the general concepts in the domain and subsequent
specialization of remainder concepts.

2. The bottom-up approach goes from the “Part” to the “Whole”. The development
starts with the definition of the most specific concepts and subsequently grouping
these into more general concepts.

3. Also there is a combination development process of the two approaches (top-down
and bottom-up). It starts with the definition of the most salient concepts and

subsequently specializing or generalizing the related concepts.

In this thesis, we followed the top-down development process to organize concepts, starting
from the “Whole” to the “Part”, going from the “root” to the “leaves”. We adopted the
multilevel design approach in order to achieve better understanding and distinct view of the
ontology’s entities and the taxonomy. The conceptualized concepts are organized into 3
layers, which are named as Curriculum, Syllabus and Topic. Each layer includes the
semantic entities - classes, properties, individuals and relations - defined in that level.
Ontology in upper layer establishes connections with one or more lower layer ontologies,
I.e. curriculum ontology with one or more syllabus ontologies, syllabus ontology with one

or more topic ontologies.

This ontology aims to be used from learners and educators as a tool for search and
navigation as well as from information systems as knowledge component and so it should
be able to describe in detail the concepts and entities that can be found in the specified
subjects without growth or multiplied unnecessarily. In addition, ontology mappings have
been established for the alignment of three main concepts with relevant terms in
international ontologies and vocabularies in order to enable easier discovery of content by

other organizations and search engines. During the taxonomy design we tried to follow the
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principle of good shape and its criteria, i.e. Law of Good shape (Law of Pragnanz®) and
Ockham’s razor principle (Law of Parsimony?®) [27], and avoid errors such as circularity

error, semantic inconsistency error, redundancy error or incompleteness of taxonomy [83].

Some researchers noticed that it’s easy for teachers to identify the concepts of a course but
it’s difficult to explicitly express the relationships within [82]. Therefore, they propose to
keep as minimal as possible the set of conception relationships that created for use. Dicheva
& Dichev [96] suggested to establish five types of relationships: ‘superclass-sub-class’,
‘class-instance’, ‘super-sub’, ‘relevant to’ and ‘mentioned by’. Boyce & Pahl in their work
created two small sets of relationships [79]. The first set is used for representing the concept
space linking the concepts between each other: ‘Is-a’, ‘HasSubtype’, ‘HasPart’, ‘IsBasisOf’,
‘HasConstraint” and ‘HasFunction’. The second set includes relations that used for linking a
concept to some content: ‘HasDefinition’, ‘HasSynonym’, ‘HasAsExample’ and

‘HasFurtherExplanation’.
The kinds of relationships that used in our ontology are:

e ‘superclass’: Predefined property that is used as a predicate in a statement to
declare that a class is a generalization of other more specialized class or classes. A
superclass can be a generalization of multiple sub-classes.

e ‘sub-classOf’: Predefined property that is used as a predicate in a statement to
declare that a class is a specialization of another more general class. A sub-class can
be a specialization of multiple superclasses.

e ‘hasPart’: indicates that a concept comprises a number of concepts in a ‘Part-
Whole’ relation.

e ‘partOf’: the inverse relation of ‘hasPart’, indicates that a concept is part of a
broader or bigger concept. ‘belongsTo’ relation expresses also this kind of

relationship.

% |aw of Pragnanz: ‘Good’ means regular, complete, balanced and symmetrical.
% |_aw of Parsimony: entities should not be multiplied unnecessarily.
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e ‘hasSubtype’: the inverse relation of ‘Is-A’ that suggested to avoid it due to the
danger of pitfalls [79].

Class hierarchy of Curriculum Ontology
As noted above, we started the hierarchy design process with advising the list of important

terms (Table 4) and underlining the basic concepts of these terms. Basic concepts may
represent the super-classes in our ontology and will be the root of their own sub-trees. When
describing the properties of classes, in the next step, these sub-trees will link to each other

forming that way the taxonomy of Curriculum Ontology.

The main concepts of the important terms within the subject of Curriculum (Table 4)

supposed to be:

e Field of Study

e Curriculum

e Educational Organization
e Program of Study

e Person

e Course

Taxonomy of FieldofStudy sub-tree

In Computer Curricula 2013 the organization of knowledge structure is adequately defined
[95]. Figure 35 presents the taxonomy of the sub-tree composed of FieldofStudy
superclass, Discipline class and the remainder classes, followed by information about the

classes.

FieldofStudy
*
—| Discipline ‘

KnowledgeArea

1l

KnowledgeUnit

Figure 35: Taxonomy of FieldofStudy sub-tree
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FieldofStudy class represents the root of the sub-tree, the root-class in the structure of

knowledge.

Discipline class represents academic discipline. An Academic Discipline is a branch of
knowledge or a field of study. The branches of science are commonly mentioned as the

scientific disciplines (e.g. Computer Science, Mathematics, Physics, etc)?’.

KnowledgeBody class defines the main knowledge body of a Discipline, a specification of
the content to be covered in a curriculum and establishes a ‘partOf’ relationship with

Discipline class. In CS2013 is presented as a set of Knowledge Areas.

KnowledgeArea Class defines the subjects of a Body of Knowledge, it establishes a ‘partOf’
relationship with KnowledgeBody class and is further organized into a set of Units of
Knowledge. It is possible the topics within a Knowledge Area to organized into different

courses with different approaches in different institutions.

KnowledgeUnit class defines the part of a Knowledge Area, so it establishes a ‘partOf’

relationship with KnowledgeArea class.

For example, a specific course titled as ‘Java Programming I’ has a subsumption relation
with an instance of KnowledgeUnit class as ‘Object-Oriented Programming’ which has a
subsumption relation with an instance of KnowledgeArea class as ‘PL/Programming
Languages’ which has a subsumption relation with an instance of KnowledgeBody class as

‘Computer Science & Software Engineering’.

Taxonomy of EducationalOrganization sub-tree

Ontology mapping with terms or elements in shared international vocabularies can help the

alignment and classification of the ontology as well as the reuse and dissemination of data.

EducationalOrganization has the role of the root-class in its own sub-tree and defines

an organization designed to provide educational services and learning environments. This

2" Qutline of Academic Disciplines (Wikipedia): en.wikipedia.org/wiki/Outline_of academic_disciplines
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class establishes an ontology alignment with ‘EducationalOrganization’ type from

Schema.org vocabulary, a specialized subtype of ‘Organization’®

type for easier discovery
and reusing . Properties of the shared type can be useful in the description of the sub-classes
in the sub-tree as they inherit these properties from the parent class, i.e. identifier, name,
logo, address, location, workPhone, faxNumber, email, employee,
numberOfEmployees, alumni, etc. Figure 36 presents the taxonomy of the sub-tree
composed of EducationalOrganization superclass and its sub-classes. The sub-classes of
the sub-tree are linked directly to ‘EducationalOrganization’ class. The relationships
between the sub-classes of the sub-tree are modeled using the ‘belongsTo’ relation instead of
‘rdfs:sub-classOf’ which would not be right. The hierarchy relationship ‘rdfs:sub-classOf’
represents a ‘iS-A’ relation: a class A is a sub-class of B if every instance of A is also an

instance of B *°.

EducationalOrganization

schema:EducationalOrganization
F 1

—[ University l
Institute ]7—‘ School |
4{ Department |

Figure 36: Taxonomy of EducationalOrganization sub-tree

University’ class defines an institution of higher education and research which awards
academic degrees in a set of academic disciplines. It presented as sub-class of

‘EducationalOrganization’ class.

School® is sub-class of ‘EducationalOrganization’ class and defines a division within a

university comprising one subject area, or a number of related subject areas. We followed the

%8 EducationalOrganization type in Schema.org: schema.org/EducationalOrganization
% Organization type in Schema.org: schema.org/Organization

% Property rdfs:subClassOf: www.w3.org/TR/rdf-schema/#ch_subclassof

31 University (Wikipedia): en.wikipedia.org/wiki/University
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U.S. terminology where such divisions are referred to as Colleges or Schools while the term
Faculty, which is used in some other countries, defined as synonym to the term Academic
staff of a University. We used the relationship ‘belongsTo’ to model the relation between

School and University, i.e. School-belongsTo-University.

Department™® is sub-class of ‘EducationalOrganization’ class and defines a division of a
School (or College) devoted to a particular academic degree, thus it establishes a ‘belongsTo’

relation with School class (Department-belongsTo-School).

Institute iS sub-class of ‘EducationalOrganization’ class and used to describe an
autonomous educational institution which provides learning services in areas of Non-Formal

Education such as Lifelong Education, Vocational Education, etc.

Taxonomy of ProgramofStudy sub-tree

The ProgramofStudy sub-tree enables the classification of the degrees awarded to the
students upon a successful completion of a course of study in an educational institution. The
sub-tree includes five sub-classes as presented in Figure 37. The sub-classes of
ProgramofStudy are disjoint to each other (e.g. a Bachelor degree cannot be a Master

degree).

ProgramofStudy

A A
‘ SchoolDiploma }—T —{ Certificate |

| Bachelor | | Master ‘ | Doctorate ‘

Figure 37: Taxonomy of ProgramofStudy sub-tree

e SchoolDiploma class expresses graduation diplomas in Compulsory Education,
provided by Primary and Secondary schools (Primary School, Secondary School and
High School).

%2 Faculty (Wikipedia): en.wikipedia.org/wiki/Faculty (division)
% Wikipedia: en.wikipedia.org/wiki/Academic_department
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e Certificate class expresses the diplomas that cannot be classified to the other sub-
classes such as Technical/VVocational Diploma, Teaching Diploma, Language
Diploma, etc.

e Bachelor class expresses the undergraduate academic degree awarded by
universities and colleges, known as Bachelor’s degree.

e Master class expresses the postgraduate academic degree, known as Master’s
degree, awarded by universities or colleges upon completion of a course of study
demonstrating mastery of a specific field of study or area of professional practice.

e Doctorate class expresses the academic and research degree, also known as
Doctor’s degree, awarded by universities that certifies the person as an expert of art

or sciences in a field and qualifies to teach at the university level.

Taxonomy of Person sub-tree

The Person sub-tree represents the several types of persons affiliated with an educational
organization. We focus on persons associated with teaching and learning concepts (i.e.
professors, students, assistants). Figure 38 depicts the taxonomy of the sub-tree composed of

Person superclass and its sub-classes.

Person
foaf:Person
[
| Student | Employee

F | F A

Undergraduate Postgraduate
Student Student

AdministrativeStaff AcademicStaff
TechnicalStaff '—
[ hssistant |

Researcher

Figure 38: Taxonomy for Person sub-tree
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Person Class is the root-class of this sub-tree and, in our project, represents a human being
who is either employee or student in an institution. We established an alignment to shared
type ‘Person’® in international FOAF vocabulary for easier discovery and reusing by others.
The properties of the shared type were used for the description of the sub-classes and their
instances (e.g. firstName, lastName, familyName, title, and gender) while some additional

properties has also defined (e.g. personlD, profilePic).

Employee class is sub-class of ‘Person’, represents all kinds of employees of an

organization, e.g. Professors, Officers, Technicians, etc.

Academicstaff> class is sub-class of ‘Employee’, used to describe the academic staff of
an institution, a school or a university such as professors of various ranks, lecturers and/or
researchers. In North America the term Faculty is used instead, thus we defined it as

synonym using the annotation property skos:altLabel.

Professor class is sub-class of ‘AcademicStaff’ class, used to describe an instructor that is
an expert of art or sciences and participates in a program of study of an educational
institution. There are several ranks® of professors in a university such as Assistant professor,
Associate professor, Visiting professor, (full) Professor, etc. We chose to model this
distinction as an attribute value of class professor rather than sub-classes since the rank
distinction does not has any particular implications in the relationships with other entities. If
this characteristic gets higher importance, in future use of the ontology, then it could be

introduced as separate class.

Lecturer class is sub-class of ‘AcademicStaff’ class too, used to describe an academic
person at an early career stage with open-ended or tenured position in a university who

teaches and conducts research.

Researcher class is sub-class of ‘AcademicStaff’ class too, used to describe an academic

person that conducts research, participates in research projects or leads research groups.

* Person type in FOAF: http://xmlns.com/foaf/spec/#term_Person
% Wikipedia: https://en.wikipedia.org/wiki/Faculty (academic_staff)
% List of Academic ranks in Wikipedia: https:/en.wikipedia.org/wiki/List_of academic_ranks#Greece
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There are several ranks of researchers like Research assistant, Research associate,

Postdoctoral researcher, etc but such detail is unnecessary in our project.

Student class is sub-class of ‘Person’ class and describes a learner who attends an
educational program. The label ‘Pupil’ is used as synonym. The class has two sub-classes:
‘UndergraduateStudent’ for students who attend university programs up to the level to the
Bachelor’s degree and ‘PostgraduateStudent’ for those who own a Bachelor’s degree and

studying for an academic or professional certificate.

AdministrativeStaff class is sub-class of ‘Person’ class and describes an employee who

conducts of the administrating of an educational organization.

Assistant class is sub-class of ‘Person’ class and describes a person, usually a
postgraduate student, who helps by assuming duties in lessons (Teaching Assistant), projects

(Project Assistant), research (Research Assistant), etc.

TechnicalStaff class is sub-class of ‘Person’ class and represents an employee who is
specialized and related to provide practical, mechanical and applied services (e.g. electrician,

plumber, etc).

It must be noted, that some classes, i.e. AdministrativeStaff, TechnicalStaff,
Lecturer and Researcher, are included mainly for classification reasons as well as for

future extension of the ontology.

The Course class

In Higher/Tertiary Education, a course is an institutional unit of teaching that lasts one
academic term with a specific subject, usually is led by one or more instructors and has a
fixed group of students. A course can be defined as a set of syllabi and covers a variety of

KnowledgeUnits (KUs) and Topics within different KnowledgeAreas (KAS).

Course class is a top-level class without sub-classes since in our approach the distinction of
the course types (DesignCourse, MajorCourse, CoreTierl, CoreTier2, ElectiveCourse) is
modeled as an attribute value rather than as sub-class since it sufficient for answering the

related competency questions and course distinction does not has any particular implications
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with other entities. An instance of Course class can establish connection with one or more

instances of Syllabus class (1:n cardinality).

Below you can see at a glance the list of classes of Curriculum ontology and their

hierarchy. Figure 39 shows the taxonomy of classes of Curriculum ontology and Table 5 lists

the classes of Curriculum ontology.

EducationalOrganization
schema: EducationalOrganization

ProgramofStudy

FieldofStudy

| ‘
[ e p— | Bachelor ‘ | Master | | Doctorate |
foaf:Person
oo
Undergraduate Postgraduate
Student Student
IAdministrativeStaff]_ I AcademicStaff J
Figure 39: Class hierarchy of Curriculum ontology
Class SuperClass Sub-class Definition
FieldofStudy - Discipline Fields of Study, Academic
Disciplines

Discipline

KnowledgeBody
KnowledgeArea

KnowledgeUnit

FieldofStudy
FieldofStudy

FieldofStudy

FieldofStudy

- An Academic Discipline

- Main Knowledge body of a
Discipline

- Subjects of a Body of
Knowledge

- Category of a Knowledge Area

EducationalOrganization= -

schema.org:

An organization designed to
provide educational services and

University, Institute,
School, Department

EducationalOrganization

University EducationalOrganization

School EducationalOrganization

learning environments.

An institution of higher
education and research.

A division within a university
comprising one subject area, or a
number of related subject areas.
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Department

Institute

EducationalOrganization

EducationalOrganization

A division of a College (or
School) devoted to a particular
academic degree.

An autonomous educational
institution which provides
learning services in areas of
Non-Formal Education.

ProgramofStudy

SchoolDiploma

Certificate

Bachelor

Master

Doctorate

ProgramofStudy

ProgramofStudy

ProgramofStudy

ProgramofStudy

ProgramofStudy

SchoolDiploma,
Certificate, Bachelor,
Master, Doctorate

The degrees awarded to the
students upon a successful
completion of a course of study
in an educational institution.
The graduation degrees provided
by Primary and Secondary
schools (Primary School,
Secondary School and High
School).

The diplomas that cannot be
classified to the other sub-
classes such as VVocation
diploma, Teaching diploma,
Languages diploma.

The undergraduate academic
degree awarded by universities
and colleges.

The postgraduate academic
degree, awarded by universities
or colleges upon completion of a
course of study demonstrating
mastery of a specific field of
study or area of professional
practice.

The academic and research
degree, awarded by universities
that certifies the person as an
expert of art or sciences in a
field and qualifies to teach at the
university level.

Person=
FOAF:Person

Employee

AcademicStaff

FOAF:Person

Person

Employee

Employee, Student

AcademicStaff,
AdministrativeStaff,
Assistant,
TechnicalStaff
Professor,

Lecturer,
Researcher

A human being who is either
employee or student in an
institution.

Represents all kinds of
employees of an organization.

Academic staff of an Institute
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Professor AcademicStaff - An instructor that is an expert of
art or sciences and participates in
a programme of study.

Lecturer AcademicStaff - An academic person at an early
career stage.
Researcher AcademicStaff - An academic person that

conducts research, participates in
research projects or leads
research groups.

Student Person UndergraduateStudent A learner who attends an
, PostgraduateStudent ~ educational programme.
UndergraduateStudent Student - Students who attend university

programs up to the level to the
Bachelor’s degree.

PostgraduateStudent Student - Students who own a Bachelor’s
degree and studying for an
academic or professional
certificate.

AdministrativeStaff Employee - An employee who conducts of
the administrating of an
educational organization.

Assistant Employee - A person who helps by assuming
duties in lessons, projects,
research, etc.

TechnicalStaff Employee - Technical staff of an
Organization.
Course - - An institutional unit of teaching

that lasts one academic term
with a specific subject, usually is
led by one or more instructors
and has a fixed group of
students.

Table 5: The Classes of Curriculum ontology

When the definition of classes and class taxonomy is completed, we start building our

ontology in Protégé.

First we create the top-level classes, the superclasses of the ontology (FieldofStudy,
EducationalOrganization, Person, ProgramofStudy, Course) started from Protégé’s root
class Thing. Subsequently, we created the sub-classes of each superclass’s sub-tree. Every
class is provided with comments using available annotation properties rdfs:comment,
skos:altLabel, rdfs:Label, etc, as shown in Figure 40. All annotation properties of classes are

written in two languages, Greek and English, giving the ontology a bilingual character.
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rdfs;comment  [language: en]
An institutional unit of teaching that lasts one academic term with a specific subject, usually is led by one or more instructors and has a fixed group of students.

rdfs:comment  [language: gr]
Mia povada didackahiog eknaidsutikol 1dpupatoc nou Siapkei évav akadnuaiko sEdpnvo pe éva cuykekpipgvo Bepa, cuvnBwe SIBACKETal ano gvav r NEpICGATEPOUG sKNaIBEUTES Kal anguBUveTal o8 i
otabepry opdda pabnTy.

skos:altLabel [language: ar]
Zepivdpio

skos:altLabel [language: ar]
MaBnua

Figure 40: Annotation properties of Course class

Class hierarchy of Syllabus Ontology

The syllabus is a kind of blueprint that addresses course information, expectations and
responsibilities to students. It is considered to be the most appropriate way to introduce a
course to students; a kind of “contract between faculty members and students” designed to
inform them about a course. A syllabus contains important information about a course like
learning topics and objectives, teaching methods, outcomes, evaluation procedures, grading
policy, bibliography, study resources, etc. It is usually created by course designers or

instructors using predefine formats or templates.

Our designed Syllabus ontology, conceptualizes the internal and external entities associated
with a course as described in Curriculum ontology. The ontology is designed to provide high
reusability and adaptability by covering a variety of courses as well as searchability and
exchangeability of syllabuses among heterogeneous software systems in different
institutions. The target is to provide a syllabus ontology which can be reused by a variety of
institutions for their courses. A list of important terms within the Syllabus subject has already

presented before in Table 4.

Syllabus is the core class of which all other classes are defined. Syllabus class establishes
connections with classes of Curriculum ontology (e.g. Course, Professor, Assistant, and
Student) as well as Topic ontology (e.g. Event, Publication). A large amount of the available

information about a course is attached to syllabus class with its data properties.

Event IS a superclass that meant to model all events that happen in a class during a course.
Event class has two sub-classes, TeachingEvent and EvaluationEvent. TeachingEvent
class expresses all events that happen in a class which are related to teaching.

EvaluationEvent class expresses all events included in the evaluation procedure of the
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students. Moreover, it can be expanded in order to include more types of events that taking

place in an institution, like lecture or conference.

TeachingEvaluationMethod class describes the different kinds of teaching methods and
learning activities within a course, such as lecture, seminar, assessment, project, laboratory
practice, fieldwork, study and analysis of bibliography, essay writing, tutorials, placements,
art workshop, interactive teaching, educational visits, examination, etc. Some of these
methods are also being used in evaluation procedure (e.g. project, assessment, examination,

etc).

Topic class describes a subject of study, a small section from Body of Knowledge that
could be organized into course and covered during lessons. A Topic may be covered in

several Courses included in different instances of ProgramofStudy.

LearningOutcome class describes the learning outcomes, specific knowledge, skills and
competences, which the students will acquire with the successful completion of the course. In

other implementations, the term “Learning Objective” is also used instead.

Resource class models teaching and learning resources that are being used during a course,
as well as publications that have instances of Person class as authors and in many cases can
also be used as teaching/learning material. Books, academic articles, notes as well as
webpages, videos, images, audios and other stuff with educational interest for a course can be

used as teaching/learning material in lessons.

When definition of classes and taxonomy of Syllabus ontology had completed, the building

our ontology continued in Protégé with the creation of new classes and their hierarchy.

Figure 41 below, shows the class hierarchy of Syllabus ontology while Table 6 lists the

classes of Syllabus ontology.
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Topic | LearningOutcome
Syllabus
| EvaluationEvent l— TeachingEvent
Resource
|TeachingEvaIuationMethod|
Figure 41: Class hierarchy of Syllabus ontology
Class SuperClass Sub-class Definition
Syllabus - - A document that addresses course
information, expectations and
responsibilities to students.
Event - TeachingEvent, All events that happen in a class
EvaluationEvent within a course.
TeachingEvent Event - Events that happen in a class
which are related to teaching.
EvaluationEvent Event - Events included in the evaluation

procedure.

TeachingEvaluation-
Method

Topic

LearningOutcome

Resource

The manner and the different
kinds of teaching methods and
learning activities within a course.

A subject of study, a small section
from Body of Knowledge that
could be organized into course
and covered during lessons.

Learning outcomes, specific
knowledge, skills and
competences, which the students
will acquire with the successful
completion of the course.

Teaching and learning resources
that are being used during a
course. Also, Publications of a
Person.

Table 6: Classes of Syllabus ontology
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The integrated CCSO ontology

Finally, the integrated educational ontology currently includes the classes without any
object or data properties, which they will be defined in the next steps, as shown in Figure 42.
The name that has given is CCSO, which are the first letters of its core concepts, i.e.

Curriculum-Course-Syllabus-Ontology.

CCSO comprises of 41 concepts in a taxonomy, 9 of which are the top-level concepts of the
ontology, namely FieldofStudy, EducationalOrganization, ProgramofStudy, Person, Course,

Syllabus, Event, Topic and Resource. Figure 43 depicts the classes and their hierarchy in

Protégé
EducationalOrganization ProgramofStudy FieldofStudy
schema:EducationalOrganization
SchoolDiploma Certificate
‘ |
‘ Bachelor H Master ‘ | Doctorate |
e | [ s |
e
foaf:Person
Student Employee Topic ‘ | LearningOutcome
Undergraduate Postgraduate Syllabus
Student Student
lndministrativestaff]* I AcademicStaff J E
TechnicalStaff
| EvaluationEvent '——' TeachingEvent

==
TeachingEvaluationMethod

Figure 42: Classes and class hierarchy of CCSO ontology
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¥ owl:Thing

- Course

= DateTimeDuration
y Event
-1 EvaluationEvent

- TeachingEvent
v ' FieldofStudy
o Discipline
= KnowledgeArea
b KnowledgeBody
b KnowledgeUnit
----- foaf:Agent
V& foaf:Person
-~ & Assistant
¥ & Employee
v AcademicStaff
- Lecturer
Professor
- Researcher
AdministrativeStaff
Assistant
TechnicalStaff
¥ Student
PostgraduateStudent
UndergraduateStudent
----- LearningQutcome
----- Person
¥-- 10 ProgramofStudy
-~ Bachelor
b Certificate
= Doctorate
-~ Master
b SchoolDiploma
----- Resource
¥--1) schema:Organization
v ~ schema:EducationalOrganization
; Department
Institute
School
University
----- Syllabus
----- TeachingEvaluationMethod
----- Topic

Figure 43: Classes and their hierarchy of CCSO ontology in Protégé

3.4.4. DESCRIBE THE PROPERTIES OF CLASSES

Once we have defined the classes, the next step is to describe the internal structure of
ontology taxonomy and specify the properties of classes. The properties that describe a class
also called slots of that class. Protégé defines properties of classes in two categories: Object

properties and Data properties.

e ODbject property describes a relationship to other individuals which can be instances
of the same class or other classes. Thus, an object property also constitutes the
relationship with other classes. For example, the class course has an object property

named hassSyllabus Which establishes relations with one or more Syllabus classes.
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Thus, its values are instances of the Syllabus class and and is decrared in the field
Range of the object property, in Protége.

e Data property contains information about an individual, an instance of the class,
without any relation to others. For example, in class syllabus, the value of the
property csName Is string that expresses the name of the syllabus while the property
weeklyHours expresses the required hours in a week for all the activities of the

course which has the syllabus.

Considering the class inheritance, all sub-classes of a class inherit the properties from the
parent class. Thus, each property is attached to the most general class which can have that
property. For example, all the sub-classes of class Fieldofstudy will inherit the data

property fsName, as shown in Figure 44.

In the next pages, the sub-trees of the top-level concepts are presented one-by-one, enriched
with the properties of classes. Each class represented as a shape that contains three boxes: the
first one with the class’ name, the second box contains the Object properties of the class and
the third box contains the Data properties of the class. The inherited properties are written in

parenthesis. When a class has no properties, then the box has left empty.

Properties for classes of FieldofStudy sub-tree
In class FieldofStudy oOne object property and two data properties have been added,

namely partOf, fsName and abbreviation Which are inherited to all of its sub-classes.

In class knowledgeArea, the object property areaOfCourse has been added that describes
the relation “Knowledge Area is area of a Course” and it’s inverse property of coversKa. In
class KnowledgeArea the object property 1ists has been added that describes the relation
“KU lists a set of Topics” and “KU lists a set of Learning Outcomes”. It’s inverse property of

listedInKU.
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FieldofStudy

panofrFs

fsMame

abbreviation
[y

Discipline

(part0fFs)

(fsMame, abbreviation) parOfFs

KnowledgeBody
(part0fFs) —

(fshame, abbreviation)

partOfFs

KnowledgeArea

areaOfCourse

(part0fFs) —

(fsMame, abbreviation)

KnowledgeUnit
(pantOfFs)

lists

(fshame, abbreviation)

Figure 44: Class hierarchy and properties of FieldofStudy sub-tree

Properties for classes of EducationalOrganization sub-tree
EducationalOrganization, the root-class in this sub-tree, inherits the necessary data

3 namely

properties from the shared type ‘schema.org:EducationalOrganization’
identifier, legalName, 1logo, address, location, workPhone, faxNumber, email and

url as shown in Figure 45. We attach three object properties in this class:

belongsTo establishes the relations “School belongsTo University” and “Department
belongsTo School”.

providesProgram describes the relations “EducationalOrganization provides
StudyProgram™, “School provides StudyProgram” and “Department provides

StudyProgram”. It’s inverse property of providedBy.

¥ EducationalOrganization type in Schema.org: http://schema.org/EducationalOrganization
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hasEmployee describes the relation “EducationalOrganization has Employee” and

it’s inverse property of worksFor.

The rest classes of the sub-tree inherit their data properties from the root-class. The class

Department has four object properties, the inherited one and three additional properties:

hasAcademicStaff describes the relation “Department has Academic Staff” and it’s
inverse property of memberoOf.

offersCourse describes the relation “Department offers Course(s)” and it’s inverse
property of of feredBy.

hasAlumnus describes the relation “Department has alumnus” and it’s inverse

property of alumnusOf.

EducationalOrganization

schema:EducationalOrganization

belongsTo

providesProgram

hasEmployee

schema: identifier

schema: legalMame

schema: logo

Institute

(belongsTo)
(providesProgram}

{hasEmployee)

(identifier, legalMame,
logo, address, location,
workPhone,
faxNumberemail, ur)

schema: address
schema: location
workPhone
schema: faxMumber

schema: email
schema: url

|

University <+,

beloﬁgsTo
(belongsTo) h—

(providesProgram}

(hasEmployee)

(identifier, legalMame,
logo, address, location,
workPhaone,

faxMumber,email, url}

School

Department

(belongsTa) belongsTo

(providesProgramy)

(hasEmployee)

(identifier, legalMame,
logo, address, location,
workPhone,
faxmurmber.email, url)

(belongsTo)
(providesProgramy)
(hasEmployee)
hasAademicStaff
offersCourse

hasAlumnus

(identifier, legalMame, logo,
address, location,
workPhone,
faxMumber,email, url}

Figure 45: Class hierarchy and class properties of EducationalOrganization sub-tree

Properties for classes of ProgramofStudy sub-tree
ProgramofStudy class has enriched with seven data properties and five object properties

which express relationships with other classes, as shown in Figure 46. The data properties
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are. code, psName, degreeTitle, degreeType, duration, degreeURL and creditsECTS

while the object properties are:

providedBy, describes the relation “Study Program is provided by an Educational
Organization” and it’s inverse property of providesProgram.

focusIn, describes the relation “Study Program is focused in a Body of
Knowledge”.

includesCourse, describes the relation “Study Program includes Course” and it’s
inverse property of includedIn.

hasRegistered, describes the relation “Study Program has registered Student” and
it’s inverse property of enrolledIn.

requiresProgram, describes the relation “Study Program requires Study Program”
enable to model prerequisites between the various types of degrees, such as “a
Master program requires a Bachelor degree”, “a Doctorate program requires a
Master degree”.

There is no need to add any more properties to any of the sub-classes which inherit the

object and data properties from the root-class of the sub-tree.
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ProgramofStudy

providedBy
facusin
includesCourse

hasRegistered

~—| requiresProgram -,

code

psklame

degreeTitle

SchoolDiploma degreeType Certificate
(providedBy) duration (providedBy)
(leadsTo) (leadsTo)
(includes) degreelURL (includes)
(focusin) ) (focusin)
(hasRegistered) creditsECTS {hasRegistered)
(code, apellation, T reduiresProaram 1\ (code, apellation,
degreeTitle, degreeType, a degreeTitle, degreeType,
duration, creditsECTS) duration, creditsECTS)
Bachelor l Master ] Doctorate

(providedBy) (providedBy) (providedBy)
(leadsTo) (leadsTo) (leadsTo)
(includes) (includes) (includes)
(focusin) (focusin) (focusin)
(hasRegistered) (hasRegistered) (hasRegistered)
(code, apellation, (code, apellation, (code, apellation,
degreeTitle, degreeType, degreeTitle, degreeType, degreeTitle, degreeType,

duration, creditsECTS) duration, creditsECTS) duration, creditsECTS)

Figure 46: Class hierarchy and class properties of ProgramofStudy sub-tree

Properties for classes of Person sub-tree

Person IS the root-class in this sub-tree and inherits some useful data properties from the
shared type ‘foaf:Person’®, namely title, firstName, lastName and familyName. In
addition to these, some more data properties have been added: personID, profilePic,
gender, homePhone, workPhone, mobilePhone, faxNumber, email, workEmail and url.

As to the object properties, it has enriched with the properties:

hasDegree describes the relation “Person has Degree from a ProgramofStudy”.
alumnusOf describes the relation “Person is alumnusOf a Department” and it’s
inverse property of hasAlumnus.

hasPublication describes the relation “Person has Publication” with the class

Resource.

% Person type in FOAF: xmlns.com/foaf/spec/#term_Person
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All properties of person are inherited to its sub-classes. In addition, in class Employee we
add the object property worksFor (inverse property of hasEmployee) to describe the relation
‘Employee  works for an Organization’ and four data properties, namely
staffSpecialization, staffPosition, officeNo and officeHours. Figure 47

illustrates the class hierarchy and class properties of Person sub-tree.

Classes AdministrativeStaff and TechnicalStaff are included for classification

reason and for future use, so it isn’t described any relation with other entities.
In class Assistant two extra object properties has been added:

assistsInCourse describes the relation “An Assistant is (Teaching) Assistant in a
Course” and it’s inverse property of hasCourseAssistant.

assistsInEvent describes the relation “An Assistant may assists in a teaching
event” or “An Assistant may assists in an evaluation event”. It’s inverse property of

hasEventAssistant.

The class Academicstaff has attached the object property memberOf which describes the
relation “Academic person that is member of the academic staff of a department”, it’s inverse
property of hasAcademicStaff and is inherited to its sub-classes, Professor, Researcher

and Lecturer.
In class Professor two extra object properties have been attached:

supervisorOf describes the relation “Professor supervises a Course” ” and it’s
inverse property of hasSupervisor.
instructorOf describes the relation “Professor is instructor of a Course” ” and it’s
inverse property of hasInstructor.
teachesIn, describes the relation “Professor teaches in Teaching Events” and it’s

inverse property of hasTeacher.

Class student has attached two extra data properties, namely enrollmentDate and

graduationDate, and three object properties:

enrolledIn, describes the relation “Student is enrolled in a Program of Study” and

it’s inverse property of hasRegistered.
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- attendsCourse, describes the relation “Student attends Courses” and it’s inverse
property of hasAttender.
*  hasCompleted, describes the relation “Student has successfully completed a

Program of Study or a Course” and it’s inverse property of hasCompleted.

All classes, class hierarchy and class properties of person sub-tree are illustrated in

Figure 47 below.

Student Employee

enrolledin worksFor

attendsCourse (hasDegree, alumnusOf,

hasPublication)

hasCompleted

(hasDegree, alumnusOf, staffSpecialization

I

Undergraduate
Student

Postgraduate
Student

(enrolledin, attends,
hasCompleted,
hasDegree, alumnusOf,
hasPublication}

(enrolledin, attends,
hasCompleted,
alumnusOf hasDegree,
hasPublication}

(personlD, profilePic, title,
firstName, lastName,
familyName, gender,
homePhaone, workPhone,
mobilePhone, faxMumber,
email, workEmail, urly

(personlD, profilePic, title,
firstName, lastName,
familyMame, gender,
homePhone, workPhone,
mobilePhone, faxNumber,
email, workEmail, url}

hasPublication} staffPosition
enrolimeniDate officeNo
graduationDate officeHours AcademicStaff
(personiD, profilePic, title, (personlD, profilePic, title, memberOf
firsthlame, lastMName, firstName, lastName
familyMame, gender, familyName, gender, (warksFar)
homePhone, workPhone, homePhane, workPhone,
maobilePhone, faxNumber, mabilePhone, faxNumber, (hasDegree)
email, workEmail, url) email, workEmail, url)

! ! (alumnus0Of)

L |

(hasPublication)

(personlD, profilePic, title,
firsthlame, lasthame,
familyMame,
staffSpecialization, gender,
staffPosition, officeNo,
officeHours, homeFPhone,
workPhone, mabilePhone,
faxMumber, email,
workEmail, url)

[ S

Professor

Lecturer

Researcher

AdministrativeStaff

(worksForhasDegree,
alumnusOfhasPublication’

TechnicalStaff

Assistant

(memberQf, worksFor,
hasDegree, alumnusOf,
hasPublication}

{memberOf, worksFor,
hasDearee, alumnusOf,
hasPublication)

(worksForhasDegree,
alumnusOfhasPublication’

assistsinCourse

(personiD, profilePic, fitle,
firstName, lastName,
familyName,
staffSpecialization, gender,
staffPosition, officeflo,
officeHours, homePhone,
workPhone, maobilePhone,

(personiD, profilePic, fitle,
firstName, lastName,
familyName,
staffSpecialization, gender,
staffPosition, officeMo,
officeHours, homePhone,
workPhone, mobilePhone,

tsinEvent

(worksFor, hasDearee,
alumnusOf hasPublication;

(personiD, profilePic, title,
firstName, lastName,
familyName,
staffSpecialization, gender,

(personiD, profilePic, title,
firsthlame, lastMame,
familyName,
staffSpecialization, gender,
staffPosition, officeMo,
officeHours, homePhone,
workPhone, mobilePhone,
faxMumber, email,
warkEmail, url}

(personiD, profilePic, tifle,
firsthlame, lasthame,
familyName,
staffSpecialization, gender,
staffPosition, officeMo,
officeHours, homePhone,
waorkPhone, mobilePhone,
faxNumber, email,
workEmail, url)

supenisorof
instructorOf
teachesin
(member0f)
(worksFar)
(hasDegree)
(alumnusOf}

(hasPublication)

(personlD, profilePic, tille,
firstName, lasthame,
familyName,
staffSpecialization, gender,
staffPosition, officeMo,
officeHours, homePhone,
workPhone, mobilePhone,
faxNumber, email,
workEmail, url)

faxMumber, email,
workEmail, urly

faxNumber, email,
warkEmail, url)

staffPosition, officeMo,
officeHours, homePhone,
workPhone, mobilePhone,
faxNumber, email,
warkEmail, url)

Figure 47: Class hierarchy and class properties of Person sub-tree

Properties for Course and Syllabus classes

The Course and Syllabus classes are both core classes in our ontology. In order to make
these two concepts well described, we advised a variety of textual syllabuses available on the
web and templates included in the Accreditation Template of Hellenic Quality Assurance &
Accreditation Agency (HQA) [94].

In Course class two data properties has been attached, namely code, csName while in

Syllabus class a large number of properties has been attached for describing a course in
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detail: code, csName, courseType, semesterinProgram, academicYear, language,
offeredtoErasmus, startDate, endDate, duration, weeklyHours,
weeklyClassSchedule, weeklyWorkload, creditsECTS, courseURL, eClassURL,
versionNo, evaluationInfo and description. Figure 48 shows the data and object

properties of Course and Syllabus classes.

Course

includedin
coverskA
offeredBy
hasAttender

~—— hasSyllabus

code

csName

—» hasPrerequisite e}

hasPrerequisi

hasSyllabus - syllabusOf

Syllabus

coversTopic

aimsToLO

- syllabusOf
hasSupenvisor
hasInstructor
hasCourseAssistant
hasEvent

hasLM
followsTEMethod

code

csName
courseType
semesterinProgram
academicYear
language
offeredtoErasmus
startDate

endDate

duration
weeklyHours
weeklyClassSchedule
weeklyWorkload
creditsECTS
courseURL
eClassURL
versionhlo
evaluationinfo

descritpion

Figure 48: The properties of Course, Syllabus classes

Since they are core classes in our ontology, several object properties have been attached to

them. In Ccourse class has been attached the following:

includedIn describes the relation “Course is included in a Study Program” and it’s

inverse property of includesCourse.
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coversKA describes the relation “Course covers part of a Knowledge Area” and it’s
inverse property of areaOfCourse.

offeredBy describes the relation “Course is offered by Department” and it’s inverse
property of of fersCourse.

hasAttender describes the relation “Course has Student as Attender” and it’s
inverse property of attendsCourse.

hasSyllabus, describes the relation “Course has Syllabus” and it’s inverse property
of syllabusOf.

hasPrerequisite, describes the relation “Course requires knowledge from other

Course”.
In Ssyllabus class we add the following:

coversTopic describes the relation “Course covers Topic” and it’s inverse property
of coveredInCourse.

aimsToLO describes the relation “Course aims to Learning Outcome” and it’s
inverse property of acquiredInCourse.

syllabusOf describes the relation “It is syllabus of a Course” and it’s inverse
property of hasSyllabus.

hasSupervisor describes the relation “Course has a Professor as Supervisor” and
it’s inverse property of supervisoroOf.

hasInstructor describes the relation “Course has a Professor as Instructor” and
it’s inverse property of instructorOf.

hasCourseAssistant describes the relation “A Course has Assistant” and it’s
inverse property of assistsInCourse.

hasEvent describes the relation “Course has Event”. A course is composed of some
events, teaching events and evaluation events.

hasIM describes the relation “Course uses Resource as Learning Material”.
followsTEMethod describes the relation “Course follows Teaching Method” and

“Course follows Evaluation Method”.
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Properties of classes in Event sub-tree

In order to describe all events that taking place in a class within a course, the following data
properties have been attached in Event class as the root-class in this sub-tree: label,
eventDateTime, eventWeekNo, duration, language, eventClassroom, workload and

description.
Event class has attached two object properties:

hasEventAssistant describes the relation “Event has Assistant” and it’s inverse
property of assistsInEvent.

hasIM describes the relation “Event uses Resource as Learning Material”.

The two sub-classes of Event inherit its properties. Figure 49 shows the object and data

properties of class Event and its sub-classes and the TeachingEvaluationMethod class.
In class TeachingEvent four extra object properties have been attached:

hasTopic describes the relation “Teaching Event has Topic”.

expectsLO describes the relation “Teaching Event expects some Learning Outcomes
for students”.

hasTeacher describes the relation “Teaching Events has Professor as Instructor”
and it’s inverse property of teachesIn.

followsTEMethod, describes the relation “Event in classroom follows Teaching
Method”.

In class EvaluationEvent two extra object properties have been attached:

hasGrader, describes the relation “Evaluation Event has Professor as Grader”.
followsTEMethod, describes the relation “Event in classroom follows Evaluation
Method”.

In class TeachingEvaluationMethod three data properties have been attached, namely

methodName, description and mediaUsed.
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Event

hasEventAssistant

hasLM

label

eventDateTime
eventiWeekNo
duration
language
eventClassroom

workload

EvaluationEvent

hasGrader
followsTEMethod
(hasEventAssistant)

(hasLM)

(label, eventDateTime,
eventWeelkMo, duration,
language, eventClassroom,

TeachingEvent

hasTopic
expectsLO
hasinstructor
followsTEMethod
(hasEventAssistant)

(hasLM)

workload)

(label, eventDateTime,
eventWeekMo, duration,
language, eventClassroom,
waorkload)

followsTEMethod

TeachingEvaluationMethod

methodMame
description

mediallsed

Figure 49: Object and Data properties of classes Event, TeachingEvent, EvaluationEvent and
TeachingEvaluationMethod
Properties of classes LearningOutcome, Topic, Resource
In Topic class three data properties have been attached, namely label, type, duration
and two in class LearningOutcome, namely label and levelofMastery. Data property
levelofMastery expresses the level of mastery students are expected to achieve with

respect to a topic.
Two object properties have been attached to each class, as shown in Figure 50.
In Topic class have been attached the following:

listedInKU describes the relation “Topic is listed by KnowledgeUnit” and it’s

inverse property of 1ists.
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coveredInCourse describes the relation “Topic is covered in Course” and it’s

inverse property of coversTopic.

In LearningOutcome class have been attached the following:

listedInKU describes the relation “LearningOutcome is listed by KnowledgeUnit”

and it’s inverse property of 1ists.

acquiredInCourse describes the relation “LearningOutcome is expected to be

acquired in Courses” and it’s inverse property of aimsToLO.

Resource Topic
dccreator listedIinkKU
de:contributor coveredinCourse
code label
dctitle topicType
dcisubject duration

dodate
dclanguage
decisource
dcitype
dcformat
deipublisher
pubReference
pubURL

dedescription

LearningOutcome

listedinKU

acquiredinCourse

label

levelofMastery

Figure 50: Object and Data properties of classes Topic, LearningOutcome and Resource

Properties of Resource class

The class rResource models the teaching and learning resources that are being used during

a course. Books, academic articles, notes as well as webpages, videos, images, audios and

other stuff with educational interest for a course can be used as teaching/learning material in

a course.

The resource could be an official Publication that is a work of a person which its content is

available to the general public or an unpublished work. The content may vary; usually it

refers to text, images, audio or visual content, software programs, etc. The text includes

papers and articles in newspapers, magazines, books, journals, etc.
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The properties of this class have been aligned with DC:elements®® for describing metadata
of resources in order to enable better discovery and classification by search engines and
applications. The object property dc:creator describes the relation “An entity primarily
responsible for making the resource” while the property dc:contributor describes the
relation “An entity responsible for making contributions to the resource . As to the data
properties, several properties have been attached for describing important information about
a resource: code, dc:title, dc:subject, dc:date, dc:language, dc:source, dc:type,
dc:format, dc:publisher, resourceCitation, URL, dc:description, as illustrated

before in Figure 50.

Rules
Some rules have also been added to the ontology, so that it can be dynamically enriched

with new relationships. These relationships, which are created automatically by reasoner, are
used to answer queries of competency questions. Figure 51 illustrates that rules from Rules

tab in Protégé:

|Dnto|ogyimports | Ontology Prefixes | General class axioms | Rules |

Rules
includedIn(?CS, ?PS), providedBy(?PS, ?DPT) offeredBy(?CS, ?DPT)
instructorOf(?PF, ?SL), hasSyllabus(?CS, ?SL), includesCourse(?PS, ?CS), providesProgram(?DPT, ?P5S) hasEmployee(?DPT, ?PF)
teachesIn(?PF, ?EV), hasEvent(?SL, ?EV) hasInstructor(?SL, ?PF)
instructorOf(?PF, ?SL), hasSyllabus(?CS, ?SL), includesCourse(?PS, ?CS), providesProgram(?DPT, ?PS) hasAcademicStaff(?DPT, ?PF)
hasDegree(?PER, ?PS), providedBy(?PS, ?DPT) alumnusOf(?PER, ?DPT)
hasEvent(?SYL, ?EV), hasTopic(?EV, ?TP) coversTopic(?SYL, ?TP)
assistsInCourse(?AST, ?SL), hasSyllabus(?CS, ?SL), includesCourse(?PS, ?CS), providesProgram(?DPT, ?PS) hasEmployee(?DPT, ?AST)
hasEvent(?SYL, ?EV), expectsLO(?EV, ?LO) aimsToLO(?5YL, ?2LO)
dc:creator(?RSC, ?PER) hasPublication{?PER, ?RSC)

Figure 51: Rules tab in Protégé

The following list are the rules that have been added:

1. includedIn (?CS, ?PS), providedBy (?PS, ?DPT) -> offeredBy(?CS, 7?DPT)
A Course (CS) that is included in a ProgramofStudy (PS) which is provided by a

Department (DPT) IS offered by that Department (DPT)

%9 Dublin Core Metadata Element Set, version 1.1: http://dublincore.org/documents/dces
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2. instructorOf (?PF, 7?SL), hasSyllabus(?CS, ?SL), includesCourse(?PS, ?2CS),

providesProgram (?DPT, ?PS) -> hasEmployee (?DPT, ?PF)
A Professor (PF) that is instructor in a course (CS) which is included in a program of
study (PS) which is provided by a Department (DPT) THEN the Department (DPT)
has employee the Professor (PF)

3. teachesIn(?PF, ?EV), hasEvent (?SL, ?EV) -> hasInstructor (?SL, ?PF)
A Professor (PF) that teaches in an Event (EV) for a course (CS) which is included
in a program of study (PS) which is provided by a Department (DPT) THEN the
Department (DPT) has Academic Staff that Professor (PF)

4, instructorOf (?PF, ?SL), hasSyllabus(?CS, ?SL), includesCourse(?PS, ?CS3),
providesProgram (?DPT, ?PS) -> hasAcademicStaff (?DPT, ?PF)

A Professor (PF) that is instructor in a course (CS) which is included in a program of
study (PS) which is provided by a Department (DPT) THEN that Professor (PF) is
member of the Academic Staff of the Department (DPT)

5. hasDegree (?PER, ?PS), providedBy (?PS, ?DPT) -> alumnusOf (?PER, ?DPT)
A Person (PER), who has Degree (PS) that provided by a Department (DPT) IS
Alumnus of that Department (DPT)

6. hasEvent (?SYL, ?EV), hasTopic (?EV, ?TP) -> coversTopic (?SYL, ?TP)
When a Syllabus (Course)(SYL) has an Event (EV) that covers a Topic (TP) THEN
the Syllabus (Course)(SYL) covers that Topic (TP)

7. assistsInCourse (?AST, ?SL), hasSyllabus (?CS, ?SL), includesCourse (?PS,
?CS), providesProgram(?DPT, ?PS) -> hasEmployee (?DPT, ?AST)

An Assistant (AST) that is instructor in a course (CS) which is included in a
program of study (PS) which is provided by a Department (DPT) THEN the
Department (DPT) has employee the Professor (PF)

8. hasEvent (?SYL, ?EV), expectsLO(?EV, ?L0) -> aimsToLO(?SYL, ?1O)
When a Syllabus (Course)(SYL) has an Event (EV) that expects a LearningOutcome
(LO) THEN the Syllabus (Course)(SYL) aims to that LearningOutcome (LO)

9. dc:creator (?RSC, ?PER) -> hasPublication (?PER, ?RSC)
When a Resource (RSC) that has a Person (PER) as Creator, then this Person

hasPublication that Resource.
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Overview of the ontology

The final developed ontology comprises of 41 concepts in a taxonomy, 9 of which are the
top-level concepts of the ontology, as shown in Figure 52. It also includes 54 objects
properties for establishing relations between concepts, with 20 pairs of inverse object

properties, and 76 data properties for describing concepts characteristics in detail.

—requiresProgram
: P ,—*—‘—| J
EducationalOrganization providesProgrant udy focusin FieldofStudy
schema:EducatjonalOrganization
SchoolDiploma Certificate

» ~

belongsTo [ | . pano
4' School ‘ Bachelor | ‘ Master | | Doctorate ‘

Institute % KnowledgeBody

3 ) ¥
belongsTo parot

Department A KnowledgeArea
focusin ,
anof
enrolledin P
hasAlumnus / hasAcademicStaft
‘ —hasPrerequisite ?
,J —ists——
| foaf:Parson
1 tendsGour
[ ¥ ]

L hasSyllabus
Student ‘ ‘ Employee ‘ coversTopic—»| Topic ——» LearningOutcome

imsToLO

. hasEvent Event .
hasLi—,
| 5 | [T

instructorof

Undergraduate Postgraduate
Student Student

Assistant

|

Figure 52: Classes, class hierarchy and their relations of CCSO

[TeachingEvaluationMethod

l’ —followsTEMethad
Resource |
J
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3.4.5. ATTACHING FACETS TO PROPERTIES

A property (slot in older versions of Protégé) can have several facets describing the
characteristics of the property. In data properties, we attach facets that express the value
type, the cardinality, allowed values and other specifications for the values that the property
can take. In case of an object property, the values that a property can take are instances of
other related classes which are defined in the field Range of the class’ property. Furthermore,
we can define which properties are inversed of another or disjoint with. In addition, OWL

allows the meaning of object properties to be enriched with properties characteristics.

The characteristics that object properties may have are the following:
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Functional - Asymmetric

Inverse functional - Reflexive
Transitive - lrreflexive
Symmetric

More information about the above characteristics and their meaning can be found in [97].

An example is illustrated in Figure 53, where in class syllabus, the value of the property
csName IS an xsd:string Wwhile the property weeklyHours can take values with
xsd:duration value type. As to the object property hasInstructor, its values should be
instances of class Professor, its inversed property is the instructoroOf and it disjoints

with properties hasAttender and hasCourseAssistant.

Characteristics: hasInstructor Description: hasInstructor Description: csMame Description: weeklyHours

Functional Equivalent To Equivalent To Equivalent To

Inverse functional

SubProperty Of SubProperty Of SubProperty Of
Transitive o .
m affiliatedWith
Sfl'mm'atric Domains {intersection) Domains {intersection)
v Asymmetric Inverse Of ) Course or Syllabus @ syllabus

_ m instructorOf

Reflexive
Ranges Fanges

Irreflexive Dormains (intersection) ® xsd:string @ xsd:duration

" syllabus

Ranges (intersection)

0 Professor

Drisjoint With
M hasAttendee
M hasCourseAssistant

Figure 53: Some facets of Syllabus class in Protégé

In the next pages, all important information about the classes of the ontology is being
presented, one-by one, including definitions of class, definition of its properties, alternate

names and synonyms, facets of properties as well as the relationships with other classes.

Classes of FieldofStudy sub-tree

Class FieldofStudy

Description (En) The root-class of knowledge structure. It refers to the Academic Disciplines.
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Description (Gr)

AltNames, Synonyms

is Sub-class of

H «\don-pila TG opyavmTiKng SOUNG LE TIG EVVOLES TOV ALPOPOVV T YVMOGT| KoL
aQopd OAEG TIg AKAONIOTKEG EMIGTNILES.
[Tedio I'viong

Thing (root-class, by default the superclass of all classes)

has Sub-classes KnowledgeBody
Disjoint EducationalOrganization, Person
Object property Range Relation it describes
‘partOfFS ~ FieldofStudy A field of study may be part of a broader field of study.
It is used for describes relations between the sub-classes of the
sub-tree. Transitive property.
Data property Declared as Definition of Property
fsName sing | Name of a field of study.
abbreviation String The shorten form of the Name of a field of study.
Class Discipline

Description (En)

Description (Gr)

An ‘Academic Discipline' (here 'Discipline’) is a branch of knowledge or a field of
study.

Mio Emomun 1 'Axadnpoik Emommun' aviummposmnevet £va KAGS0 yvidong 1 tedio

GTOLODV.
AltNames, Synonyms  Emiotiun
is Sub-class of FieldofStudy
has Sub-classes -
Object property Range Relation it describes
(partOfFS)  FieldofStudy | Discipline is part of the FieldofStudy.
Data property Declared as Definition of Property
(fsName) String | Name of a Discipline (inherited property).
(abbreviation) String The shorten form of the Name of a Discipline (inherited property).
Class KnowledgeBody

Description (En)

Description (Gr)

AltNames, Synonyms

is Sub-class of

Main knowledge body of a Discipline, a specification of the content to be covered in
a curriculum.

To kbp1o copa yvoong pog Ememung, o mpodloypoer Tov TEPIEYOUEVOL TOV
TPETEL VO KAADTTETOL GE VO TPOYPOLLLLO GTTOVODV.

Body of Knowledge, Kvpio Zopa I'vdong
FieldofStudy
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has Sub-classes -

Object property Range Relation it describes
(partOfFS)  Discipline  AKnowledge Body is part of a Discipline.
Data property Declared as Definition of Property
(fsName) Sing | Name of Body of Knowledge (inherited property).
(abbreviation) String The shorten form of the Name of Body of Knowledge (inherited
property).
Class KnowledgeArea

Description (En) Subjects of a Body of Knowledge.

Description (Gr) Oépata evog mpatog I'vdong (KnowledgeBody).
AltNames, Synonyms  Area of Knowledge, ITepioyn ['voong

is Sub-class of FieldofStudy

has Sub-classes -

Object property Range Relation it describes
‘areaOfCourse Course | Knowledge Area ofa Course.
Inverse of: coversKA
(partOfFS) KnowledgeBody A Knowledge Area is part of a Knowledge Body.
Data property Declared as Definition of Property
(fsName) Sing | Name of Area of Knowledge (inherited property).
(abbreviation) String The shorten form of the Name of Area of Knowledge (inherited
property).
Class KnowledgeUnit

Description (En) Part of a Knowledge Area.

Description (Gr) Mépog ag Ieproyng I'vrong (KnowledgeArea).
AltNames, Synonyms  Unit of Knowledge, Mépoc I'vivong piog Ieproyng I'vong
is Sub-class of FieldofStudy

has Sub-classes -

Object property Range Relation it describes

lists Topic or Each KU lists a set of Topics that could be teached in a Teaching
LearningOutcome Event.
Also, each KU lists a set of Learning Outcomes students are
expected to achieve.
Inverse property: listedInKU

(partOfFS) KnowledgeArea A Knowledge Unit is part of a Knowledge Area.
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Data property Declared as Definition of Property

(fsName) String Name of Unit of Knowledge (inherited property).

(abbreviation) String The shorten form of the Name of Unit of Knowledge (inherited
property).

(fsTopic) String Topic of Unit of Knowledge (inherited property).
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Classes of EducationalOrganization sub-tree

Class EducationalOrganization

shared type ‘schema.org:EducationalOrganization’

Description (En) An Organization designed to provide educational services and learning environments.

Description (Gr) "Evag Opyovicudc mov €xel oyedl06TEL Y10 TV TOPOYN EKTOUOEVTIKMY VINPECIDOV Ko
pnoOnclokdv TepParlovimy.
AltNames, Synonyms  Exmaidevtikog Opyoavicpog

is Sub-class of schema.org:EducationalOrganization,
Thing (root-class, by default the superclass of all classes)

has Sub-classes University, Institute, School, Department
Object property Range Relation it describes
‘belongsTo ~ Educational | It is used for describes relations between the sub-classes of the
Organization sub-tree. Transitive property.
providesProgram ProgramofStudy An Educational Organization provides a variety of Study

Programs in many Disciplines and Knowledge Bodies.
Inverse property: providedBy

hasEmployee Employee EducationalOrganization has Employees.
Inverse property: worksFor

Data property Declared as Definition of Property

‘schema:identifier Stringg ~ The organization identifier that uniquely identifies the legal entity

of the organization.

schema:legalName String The official name of the organization.

schema:logo anyURI An associated image as the logo of an Organization.

schema:address String The physical address of an Organization.

schema:location String The location an organization is located.

workPhone String The main phone number of an Organization or at the work of a
Person.

schema:faxNumber String The fax number of an Organization or a Person.

schema:email anyURI The eMail address of an Organization or a Person.

schema:url anyURI The address of the webpage of an Organization or a Person.

In order to group some similar data properties, we use the data property phone as a super-
property of homePhone, workPhone, mobilePhone  and faxNumber and eContactInfo

as super-property of email, workEmail and url, as shown in Figure 54.

phone f----_-eContactInfo
-l schema:faxNumber . +-mschema:url
homePhone . mmschema:email
mobilePhone . L.mmworkEmail
-mmworkPhone '

Figure 54: The Super-properties phone and eContactinfo
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Class Institute

Description (En) An autonomous educational institution which provides learning services in areas of
Non-Formal Education.

Description (Gr) "Eva avtévopo ekmondeutid idpupio mov mopEyel VINPEGIES LAONOTG GE TEPLOYES TNG
Mn-Tomikng Exnaidevonc.

AltNames, Synonyms  Ivotitovto
is Sub-class of EducationalOrganization

has Sub-classes -

Object property Range Relation it describes
‘(belongsTo) - Objectproperty is inherited from parent class
(EducationalOrganization).
(providesProgram) ProgramofStudy Obiject property is inherited from parent class
(EducationalOrganization).
(hasEmployee) Employee Object property is inherited from parent class
(EducationalOrganization).
Data property Declared as Definition of Property
(identifier, String, anyURI  Class inherits all its Data properties from the root-class of the sub-
legalName, logo, tree (EducationalOrganization).
address, location,
workPhone,
faxNumber, email,
url)
Class University
Description (En) An institution of Higher Education and research which awards academic degrees in a
set of academic disciplines.
Description (Gr) "Eva 1dpopa Tprrofabuag Exnaidevong kot 'Epevvag mov amovépel akadnpoikohs

TITAOVG G€ €VOL GUVOLO OKAOUOTKOY KAASMV.

AltNames, Synonyms  Avotato Exrodevtikd Topopa (A.E.L), [avemomo, Avatoto Teyvoroyikod
Exmodevtcod Topopa (A.T.E.L)

is Sub-class of EducationalOrganization

has Sub-classes -

Object property Range Relation it describes

(belongsTo) - The Object property is inherited from parent class
(EducationalOrganization).

(providesProgram) ProgramofStudy The Object property is inherited from parent class
(EducationalOrganization).

(hasEmployee) Employee University has Employee.
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Data property

(identifier,
legalName, logo,
address, location,
workPhone,
faxNumber, email,
url)

Declared as Definition of Property

String, anyURI The class inherits all its Data properties from the root-class of the

sub-tree (EducationalOrganization).

Class

School

Description (En)

Description (Gr)

AltNames, Synonyms
is Sub-class of

has Sub-classes

A division within a university comprising one subject area, or a number of related
subject areas.

The American usage is followed where such divisions are referred to as Schools or
Colleges rather than using the term Faculty which is used in other countries in order
to avoid misunderstandings because the same term (Faculty) refers to the Academic
staff of a University in American usage.

‘Eva. tuipa evog mavemotiov mov mepiiapufavet Eva Oepotikd wedio 1 Evay apliud

OYETIKOV OgnaTikK®V TEdiV.

AxolovOnOnke N apePIKAVIKN TPOGEYYIGN OOV TETOLN TUMLLOTO OVAPEPOVTOL MG
Koléya 1 Tyoleia avti va ypnoipomombei o 6pog Faculty mwov ypnoonoteiton oe
GANEG YDPES Y1 VO amopeLYDoVV TapeENyNoels, eneldn o idlog opog (Faculty) oty
Apepuci) avagépetal oto Akadnuaiko [Ipocomikd evoc [avemotiov.

Xyohn], KoAréylo

Object property Range Relation it describes
‘(belongsTo) ~ University ~ School belongs to University.
(providesProgram) ProgramofStudy The Object property is inherited from the root-class of the sub-tree

(EducationalOrganization).
(hasEmployee) Employee The Object property is inherited from the root-class of the sub-tree
(EducationalOrganization).
Data property Declared as Definition of Property
(identifier, String, anyURI  The class inherits all its Data properties from the parent class

legalName, logo,
address, location,
workPhone,
faxNumber, email,
url)

(University).
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Class Department

Description (En) A division of a College (or School) devoted to a particular academic degree.

Description (Gr) ‘Eva, tufpa evdg KoAleyiov (1 Zyolc) Tov TPOcPEPEL VO GLYKEKPIUEVO
KOO UOTKO TTVYiO.

AltNames, Synonyms  Tunua

is Sub-class of -

has Sub-classes -

Object property Range Relation it describes

‘(belongsTo) school | Department belongs to School.
(providesProgram) ProgramofStudy Department provides Program of Study.
(hasEmployee) Employee The Object property is inherited from the root-class of the sub-tree

(EducationalOrganization).

hasAademicStaff AcademicStaff A Department has staff that is member of the Academic staff like
Professors, Researchers and Lecturers.
Inverse property: memberOf

offersCourse Course A Department offers some Courses available to Students.
Inverse property: offeredBy
hasAlumnus Person A Department has alumnus, a person who completed successfully
a Program of Study.
Inverse property: alumnusOf
Data property Declared as Definition of Property
(identifier, String, anyURI  The class inherits all its Data properties from the root-class of the
legalName, logo, sub-tree (EducationalOrganization).
address, location,
workPhone,
faxNumber, email,
url)
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Classes of ProgramofStudy sub-tree

Class ProgramofStudy

The degrees awarded to students upon a successful completion of a course of study in
an educational institution.

Description (En)

Description (Gr) Ta wTVYlo TOL OTOVELOVTOL GTOVG (POLTNTEC LETE TV EMLTUYN OAOKANP®GN EVOG

KOKAOV GTTOVOMV G EVOL EKTAUOELTIKO {OPLLLOL.

AltNames, Synonyms  InstitutionalDegree, Program of Study, Programme of Study, Tithoc ITIpoypdupotog

is Sub-class of

has Sub-classes

2TOVdMV

Thing (root-class, by default the superclass of all classes)

SchoolDiploma, Certificate, Bachelor, Master, Doctorate

Object property

providedBy

Educational
Organization

Relation it describes

A Study Program is provided by an Educational Organization.
Inverse property: providesProgram

requiresProgram ProgramofStudy Study Program requires a Study Program. The property
characterized as Asymmetric. For example, a Master program
requires the student has a Bachelor degree.

includesCourse Course A Study Program can include many Courses.
Inverse property: includedIn

focuslin KnowledgeBody A Study Program is focused in a Body of Knowledge, at least.

hasRegistered Student A Study Program can have a lot of Students registered.
Inverse property: enrolledin

Data property Declared as Definition of Property

‘code ~ Liteal  The program identifier that uniquely identifies a Study Program in

the national curriculum.

psName String The official name of a Study Program. The name could be
different than official degree title.

degreeTitle String The official title of the Degree that awarded to the students upon a

successful completion of Study Program in an educational
institution.
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degreeType String The various types of studies and degrees.
A specific list of allowed values® in this property can also be
used:
Bachelor of Science
Bachelor of Arts
Bachelor of Business Administration
Master of Science
Master of Arts
Master of Business Administration
Doctor of Philosophy

duration duration The type represents the duration of time of a ProgramofStudy.

It is expressed as a number of years, months, days, hours, minutes,
and seconds (e.g. P4Y=4 years, P6M=6 months).

degreeURL anyURI The URL of the official webpage with information about the
Degree.
creditsECTS decimal The credits that corresponds to a Study Program, according to

European Credit Transfer and Accumulation System (ECTS).

The rest classes of the sub-tree inherit all their Object and Data properties from the root-

class (ProgramofStudy).

Class SchoolDiploma

Description (En) The graduation degrees provided by Primary and Secondary schools (Primary School,
Secondary School and High School).

Description (Gr) Ta mtruyio amoeoitnong mov didovral and oyoreio g [pwToPdOpioc Kot
AgvtepoPaduog ekmaidoevong (Anuotikd, I'vpvécio kot AvkKewo).

AltNames, Synonyms  Tltvyio Amogoitnong
is Sub-class of ProgramofStudy

has Sub-classes -

Disjoint with Bachelor, Master, Doctorate, Certificate
Object property Range Relation it describes
‘(providedBy) ~ EducationalOrganiz  The class inherits its Object properties from the parent class
ation (ProgramofStudy).
(requiresProgram) -
(includesCourse) Course
(focusln) KnowledgeBody
(hasRegistered) Student

%0 Classification of Academic Degrees (Wikipedia): en.wikipedia.org/wiki/Classification_of Academic_Degrees
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Data property Declared as Definition of Property

(code, psName, String, short, The class inherits its Data properties from the parent class
degreeTitle, duration, decimal (ProgramofStudy).

degreeType, duration,

degreeURL,

creditsECTS)

Class Certificate

Description (En) The diplomas that cannot be classified to the other sub-classes such as Vocation
diploma, Teaching diploma, Languages diploma, etc.

Description (Gr) Ta duthdpata Tov dgv umopovv va. ta&ivounfovv otig GAAEG VTOKATNYOPIES, OTWME TO
dimhopo Erayyelpotikng Katdptiong, to dimioua Adaktikng Exdpkelag, to
dimlopo Eévov MNoccov, K.o.

AltNames, Synonyms  ITictoromtiko Zmovdmv, [Tietoromtikd 'vbeewv, [Tictoromtikod Ikavorntmv
is Sub-class of ProgramofStudy

has Sub-classes -

Disjoint with Bachelor, Master, Doctorate, SchoolDiploma
Object property Range Relation it describes
‘(providedBy) ~ EducationalOrganiz  The class inherits its Object properties from the parent class
ation (ProgramofStudy).
(requiresProgram) (SchoolDiploma) A Program of Study in an Institution requires the student has a
SchoolDiploma.
(includesCourse) Course
(focusln) KnowledgeBody
(hasRegistered) Student
Data property Declared as Definition of Property
(code, psName, String, short,  The class inherits its Data properties from the parent class
degreeTitle, duration, decimal (ProgramofStudy).
degreeType, duration,
degreeURL,

creditsECTS)

Class Bachelor

Description (En) The undergraduate academic degree awarded by universities and colleges, known as
Bachelor’s degree.

Description (Gr) To TpomTLYLOKO OKOONUOTKO STTAMLLO TOV OTOVEETOL OTTO TTOVETIGTI L KOl
KOAEY10L.

AltNames, Synonyms  [Iportoytokd Akadnuaikd Aimiopa, [toyio
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is Sub-class of

has Sub-classes

ProgramofStudy

Disjoint with Master, Doctorate, Certificate, SchoolDiploma
Object property Range Relation it describes
‘(providedBy) ~ EducationalOrganiz  The class inherits its Object properties from the parent class

(requiresProgram)

ation (ProgramofStudy).

A Program of Study for Bachelor degree requires the student has a
SchoolDiploma.

(SchoolDiploma)

(includesCourse) Course
(focusln) KnowledgeBody
(hasRegistered) Student
Data property Declared as Definition of Property
(code, psName, String, short, ~ The class inherits its Data properties from the parent class
degreeTitle, duration, decimal (ProgramofStudy).
degreeType, duration,
degreeURL,

creditsECTS)

Class

Master

Description (En)

Description (Gr)

AltNames, Synonyms
is Sub-class of

has Sub-classes

The postgraduate academic degree, known as Master’s degree, awarded by
universities or colleges upon completion of a course of study demonstrating mastery
of a specific field of study or area of professional practice.

To petamtuylokd akadnUoikd SITAMLLO TOV ATOVEUETHL OO TOVETIGTI L0 1] KOAEYLOL
LETE TV 0AOKANp®GT £VOS KHKAOV GTOVO®Y OV OOJEKVIEL TNV OTOKTNON E101KOD
edlov GTOLOADV 1) TOUEN EMOYYEALATIKNG TPOUKTIKNG.

Mertamtoyoko Axadnpaixd Aimiopo, Metantoylokd

ProgramofStudy

Disjoint with Doctorate, Bachelor, Certificate, SchoolDiploma
Object property Range Relation it describes
‘(providedBy) ~ EducationalOrganiz  The class inherits its Object properties from the parent class
ation (ProgramofStudy).
(requiresProgram) (Bachelor) A Program of Study for Master degree requires the student has a
Bachelor degree.
(includesCourse) Course
(focusln) KnowledgeBody
(hasRegistered) Student
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Data property

(code, psName,
degreeTitle,
degreeType, duration,
degreeURL,
creditsECTS)

Declared as Definition of Property

String, short, The class inherits its Data properties from the parent class
duration, decimal (ProgramofStudy).

Class

Doctorate

Description (En)

Description (Gr)

AltNames, Synonyms
is Sub-class of

has Sub-classes

The academic and research degree, also known as Doctor’s degree, awarded by
universities that certifies the person as an expert of art or sciences in a field and
qualifies to teach at the university level.

O axadNUATKOG KoL EPEVVTIKOG TITAOG, EMIGNC YVMOOTOS MG AOOKTOPIKO dimAmyLa,
OTTOVEUETOL OO TTOVETLGTI LN TTOV TTGTOTOLOVV TO GTOUO MG ESIKOG TNE TEYVNE 1| T®V
EMOTNUOV GE EVOV TOUEN Kal EIvaL IKAVOS VO, O10UCKEL GE TOVETIGTNULOKO ETITEDO.

Adoktopikd Axkadnuaikd Aimlopo, AaKTopikd

ProgramofStudy

Disjoint with Master, Bachelor, Certificate, SchoolDiploma
Object property Range Relation it describes
‘(providedBy) ~ EducationalOrganiz  The class inherits its Object properties from the parent class

(requiresProgram)

ation (ProgramofStudy).

Master A Program of Study for Doctorate degree may requires the student
has a Master degree.

(includesCourse) Course
(focusln) KnowledgeBody
(hasRegistered) Student
Data property Declared as Definition of Property
(code, psName, String, short, ~ The class inherits its Data properties from the parent class
degreeTitle, duration, decimal (ProgramofStudy).
degreeType, duration,
degreeURL,

creditsECTS)
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Classes of Person sub-tree

Class Person
shared type ‘foaf :Person’

Description (En) A person, a human being.
Description (Gr) ‘Evag avbpomoc.
AltNames, Synonyms  AvOpwmnog, [Ipdécworo

is Sub-class of xmlns.com/foaf/0.1/Person,
Thing (root-class, by default the superclass of all classes)

has Sub-classes Employee, Student
Disjoint with Discipline, FieldofStudy
Object property Range Relation it describes
‘hasDegree ProgramofStudy  Person has some Degrees from some Departments (e.g. Bachelor

Degree, Master Degree, etc)
Inverse property: enrolledin

alumnusOf Department A Person is Alumnus of a Department.
Inverse property: hasAlumnus

hasPublication Resource A person creates and publishes a work.

Data property Declared as Definition of Property

personiD Sting  Person’s identifier that uniquely identifies a person.

profilePic anyURI An associated profile picture of a person.

foaf: title String The title of a person, could an official title like Sir, Dr or Mr, Mrs,
Ms, etc.

foaf: firstName String The first name of a person.

foaf: lastName String The last name of a person

foaf: familyName String The family name of a person

foaf: gender String The gender of this person, typically ‘male’ or ‘female’.

homePhone String The phone number at the home of a person.

workPhone String The main phone number of an Organization or at the work of a
Person.

mobilePhone String The mobile’s phone number of a person.

schema: faxNumber  String The fax number of an Organization or a Person.

schema: email anyURI The personal eMail address of a person.

workEmail anyURI The work eMail address of a person.

schema: url anyURI The address of the webpage of an Organization or a Person.

A person can have a home phone, a work phone, a fax number and a mobile phone as well

as email, work email and homepage. In order to group some data properties that stores
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similar information we use the relationship rdfs:subPropertyOf. We use the data property

phone as a super-property of homePhone, workPhone, mobilePhone and faxNumber and the

property eContactInfo as super-property of email, workEmail and url, as shown in
Figure 54 before.
Class Employee

Description (En)
Description (Gr)
AltNames, Synonyms
is Sub-class of

has Sub-classes

Employee of an organization.

Epyalopevog oe kdmolov opyavicuo.

Epyalopevog

Person

AcademicStaff, AdministrativeStaff, TechnicalStaff, Assistant

Object property Range Relation it describes
‘worksFor Educational  Anemployee works for an organization.
Organization Inverse property: hasEmployee
(hasDegree) ProgramofStudy Inherited property from root-class of the sub-tree (Person).
(alumnusOf) Department Inherited property from root-class of the sub-tree (Person).
(hasPublication) Resource Inherited property from root-class of the sub-tree (Person).
Data property Declared as Definition of Property
staffSpecialization ~ String  The subject that a person is specialist and practices in.
staffPosition String The position where a person is being employed in the
organization.
officeNo String The number and building of employee’s office.
officeHours String Day and hours that the employee is at the office.

(personlID, profilePic,
title, firstName,
lastName, familyName,
gender, homePhone,
workPhone,
mobilePhone,
faxNumber, email,
workEmail, url)

String, anyURI

The class inherits these Data properties from the parent class
(Person).

Class

AdministrativeStaff

Description (En)
Description (Gr)

An employee who conducts of the administrating of an educational organization.

"Evag epyalopevog mov aokel T S101KNoT VOGS EKTOIOEVLTIKOD OPYOVIGHOD.
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AltNames, Synonyms
is Sub-class of

has Sub-classes

Administrative Staff, Atowmtiké TTpocwmikd
Employee

(personlID, profilePic,
title, firstName,
lastName, familyName,
staffSpecialization,
gender, staffPosition,

officeNo, officeHours,
homePhone, workPhone,

mobilePhone,
faxNumber, email,
workEmail, url)

Disjoint with Student, TechicalStaff, Assistant
Object property Range Relation it describes

‘(worksFor) | EducationalOrgani  The Object property is inherited from the parent class (Employee).

zation

(hasDegree) ProgramofStudy Inherited property from root-class of the sub-tree (Person).
(alumnusOf) Department Inherited property from root-class of the sub-tree (Person).
(hasPublication) Resource Inherited property from root-class of the sub-tree (Person).
Data property Declared as Definition of Property

String, anyURI The class inherits these Data properties from the parent class

(Person).

Class

TechnicalStaff

Description (En)

Description (Gr)

AltNames, Synonyms
is Sub-class of

has Sub-classes

An employee who is specialized and related to provide practical, mechanical and
applied services (e.g. electrician, plumber, etc).

O gpyalodpevog 0 omoiog eivatl EWIKEVIEVOG GTNV TOPOYT TPOKTIKAOV, UNYOVIKOV Kol
EPUPLOGUEVOV VINPECIAV (). NAEKTPOAGYOS, VOPAVAIKAG K.AT.).

Technical Staff, Teyvuco TTpocmnikd, Texvikog
Employee

Disjoint with AcademicStaff, AdministrativeStaff, Assistant
Object property Range Relation it describes

‘(worksFor) | EducationalOrgani  The Object property is inherited from the parent class (Employee).

zation

(hasDegree) ProgramofStudy Inherited property from root-class of the sub-tree (Person).
(alumnusOf) Department Inherited property from root-class of the sub-tree (Person).
(hasPublication) Resource Inherited property from root-class of the sub-tree (Person).
Data property Declared as Definition of Property
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(personlD, profilePic, The class inherits these Data properties from the parent class
title, firstName, (Person).

lastName, familyName,

staffSpecialization,

gender, staffPosition,

officeNo, officeHours,

homePhone, workPhone,

mobilePhone,

faxNumber, email,

workEmail, url)

Class Assistant

Description (En) A person, usually an postgraduate student, who helps by assuming duties in lessons
(TeachingAssistant), projects (ProjectAssistant), research (ResearchAssistant), etc.

Description (Gr) Kdmoto dropo, cuvnbmg évag petamtuylokos @ortntig, o omoiog Pondd pe tv
avéAnyn kankovtov oe podnuata (fondog didackoriog), oe £pya. (fonbog Epyov),
oe épevva (Ponbog Epevvag) KA.

AltNames, Synonyms Bonbdg
is Sub-class of Employee

has Sub-classes -

Disjoint with UndegraduateStudent, AcademicStaff, AdministrativeStaff, TechicalStaff
Object property Range Relation it describes
“assistsinCourse Syllabus ~ An Assistant is (Teaching) Assistant ina Course.

Inverse property: hasCourseAssistant
Disjoint with: supervisorOf, attendsCourse, instructorOf

assistsInEvent Event An Assistant may assists in a teaching event, an evaluation event
or some other stuff and events.
Inverse property: hasEventAssistant

(worksFor) EducationalOrgani  The Object property is inherited from the parent class (Employee).
zation

(hasDegree) ProgramofStudy Inherited property from root-class of the sub-tree (Person).

(alumnusOf) Department Inherited property from root-class of the sub-tree (Person).

(hasPublication) Resource Inherited property from root-class of the sub-tree (Person).

Data property Declared as Definition of Property
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(personlID, profilePic, String, anyURI The class inherits these Data properties from the parent class
title, firstName, (Person).

lastName, familyName,

staffSpecialization,

gender, staffPosition,

officeNo, officeHours,

homePhone, workPhone,

mobilePhone,

faxNumber, email,

workEmail, url)

Class AcademicStaff

Description (En) The academic staff of an institution, a school or a university such as professors of
various ranks, lecturers and/or researchers. In North America the term Faculty is
used instead.

Description (Gr) To aKadNUOTKO/EKTOIOEVTIKO TPOCHOTIKO EVOG 10PVUATOC, EVOC GYOAEIOVL 1) EVOG
TOVETIOTN IOV, Om¢ KaONYNTEC Slopdpmv Théemv, AEKTopec N / Kot EpELVNTEG

AltNames, Synonyms Faculty, Akodnpoikd tpocwnikd, Eknaidentikd Tpocmmnikd

is Sub-class of Employee
has Sub-classes Professor, Lecturer, Researcher
Disjoint with TechicalStaff, Assistant, Student
Object property Range Relation it describes
‘memberOf | Department ~ Anacademic person that is member of the faculty of a department. -
Inverse property: hasAcademicStaff
(worksFor) EducationalOrgani  The Object property is inherited from the parent class (Employee).
zation
(hasDegree) ProgramofStudy Inherited property from root-class of the sub-tree (Person).
(alumnusOf) Department Inherited property from root-class of the sub-tree (Person).
(hasPublication) Resource Inherited property from root-class of the sub-tree (Person).
Data property Declared as Definition of Property
(personID, profilePic,  String, anyURI  The class inherits these Data properties from the parent class
title, firstName, (Person).

lastName, familyName,
staffSpecialization,
gender, staffPosition,
officeNo, officeHours,
homePhone, workPhone,
mobilePhone,
faxNumber, email,
workEmail, url)
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Class

Professor

Description (En)

Description (Gr)

An instructor that is an expert of art or sciences and participates in a program of
study of an educational institution.

O ekTadELTAG OV €Vl E01KOG TNG TEXVNG N TNG EMGTHUNG KOl GUUUETEYEL GE

TPOYPOALILO GTTOVODY EVOG EKTOLOEVTIKOD 1OPVLLATOG.

AltNames, Synonyms Koafnynmg

is Sub-class of AcademicStaff

has Sub-classes -

Object property Range Relation it describes

‘supervisorOf Syllabus A Professor can supervise and manage all the activities withina

Course such as the design, the implementation, the lessons, the
outcomes, etc.
Inverse property: hasSupervisor

instructorOf Syllabus Professor is Instructor in some Courses
Inverse property: haslnstructor

teachesIn TeachingEvent A Professor teaches in some Teaching Events within a course.
Inverse property: hasTeacher

(memberOf) Department The Object property is inherited from parent class
(AcademicStaff).

(worksFor) EducationalOrgani  The Object property is inherited from the parent class (Employee).

zation

(hasDegree) ProgramofStudy Inherited property from root-class of the sub-tree (Person).

(alumnusOf) Department Inherited property from root-class of the sub-tree (Person).

(hasPublication) Resource Inherited property from root-class of the sub-tree (Person).

Declared as Definition of Property

Data property

(personlID, profilePic,
title, firstName,
lastName, familyName,
staffSpecialization,
gender, staffPosition,

officeNo, officeHours,
homePhone, workPhone,

mobilePhone,
faxNumber, email,
workEmail, url)

String, anyURI

The class inherits its Data properties from the parent class
(AcademicStaff).

Class

Lecturer
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Description (En)

Description (Gr)

An academic person at an early career stage with open-ended or tenured position in
a university who teaches and conducts research.

"Eva axadnpoikd tpdommo 10 onoio fpiokeTol 6To apylkd GTASL0 TG

oT0d0dpopiag Tov e aopiotov 1 Hoviun 0éomn o€ Evo TOVETIGTAUIO TOL S10GCKEL
Kot 01eEdyet Epevval.

(personlID, profilePic,
title, firstName,
lastName, familyName,
staffSpecialization,
gender, staffPosition,
officeNo, officeHours,
homePhone, workPhone,
mobilePhone,
faxNumber, email,
workEmail, url)

AltNames, Synonyms Aéxtopog
is Sub-class of AcademicStaff
has Sub-classes -
Object property Range Relation it describes
‘(memberOfy | Department ~ The Object property is inherited from parent class
(AcademicStaff).
(worksFor) EducationalOrgani ~ The Object property is inherited from the parent class (Employee).
zation
(hasDegree) ProgramofStudy Inherited property from root-class of the sub-tree (Person).
(alumnusOf) Department Inherited property from root-class of the sub-tree (Person).
(hasPublication) Resource Inherited property from root-class of the sub-tree (Person).
Data property Declared as Definition of Property

String, anyURI The class inherits its Data properties from the parent class

(AcademicStaff).

Class

Researcher

Description (En)

Description (Gr)

An academic person that conducts research, participates in research projects or leads
research groups.

Mélog Tov aKaONULOTKOD TPOCOTIKOD TOL JEEAyEL EPEVVA, GUUUETEXEL CE
EPELVNTIKA £pya 1 €ival VTELHVVOG EPEVVITIKMV OUASWV.

AltNames, Synonyms Epevvnrrg

is Sub-class of AcademicStaff

has Sub-classes -

Object property Range Relation it describes
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(memberOf) Department The Obiject property is inherited from parent class
(AcademicStaff).

(worksFor) Educational The Object property is inherited from the parent class (Employee).
Organization

(hasDegree) ProgramofStudy Inherited property from root-class of the sub-tree (Person).
(alumnusOf) Department Inherited property from root-class of the sub-tree (Person).
(hasPublication) Resource Inherited property from root-class of the sub-tree (Person).
Data property Declared as Definition of Property

(personID, profilePic,  String, anyURI  The class inherits its Data properties from the parent class
title, firstName, (AcademicStaff).

lastName, familyName,
staffSpecialization,
gender, staffPosition,
officeNo, officeHours,
homePhone, workPhone,
mobilePhone,
faxNumber, email,
workEmail, url)

Class Student
Description (En) A learner who attends an educational program.
Description (Gr) O exmodevopevog mov Topakorovdel KATOL0 EKTAOEVLTIKO TPOYPALLILO.

AltNames, Synonyms ®ormmg, Zmovdaotig, Mabntmegc, Exmaidevopevog

is Sub-class of Person
has Sub-classes UndergraduateStudent, PostgraduateStudent
Disjoint with AdministrativeStaff, AcademicStaff
Object property Range Relation it describes
‘enrolledin | ProgramofStudy A Student is enrolled (registered) in a Study Program.
Inverse of: hasRegistered
Disjoint with: hasDegree
attendsCourse Course A Student attends some Courses of a study program.
Inverse of: hasAttender
Disjoint with: instructorOf, hasCompleted, assistsinCourse
hasCompleted Course Student has successfully completed some Courses.
Disjoint with: attendsCourse
(hasDegree) ProgramofStudy Inherited property from root-class of the sub-tree (Person).
(alumnusOf) Department Inherited property from root-class of the sub-tree (Person).
(hasPublication) Resource Inherited property from root-class of the sub-tree (Person).
Data property Declared as Definition of Property
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enrollmentDate

graduationDate

(personID, profilePic,
title, firstName,
lastName, familyName,
gender, homePhone,
workPhone,
mobilePhone,
faxNumber, email,
workEmail, url)

Date

Date

String, anyURI

The exact date that student has enrolled in a Study Program (e.g.
2016-09-01).

The exact date that student has graduated a Study Program (e.g.
2017-03-15).

The class inherits its Data properties from the parent class
(Person).

Class

UndergraduateStudent

Description (En)
Description (Gr)

AltNames, Synonyms

A student who attend a university program up to the level to the Bachelor’s degree.

GTOVODV.

"Evag gottntg mov mopakoAovdel KAmTolo TPOTTUYINKO TUVETIGTUINKO TPOYPOLLLLLN

Undergraduate Student, TTportuyiakdg Dortntig

is Sub-class of Student
has Sub-classes -
Disjoint with Assistant
Object property Range Relation it describes

‘(enrolledin) | ProgramofStudy  The Object property is inherited from the parent class (Student).
(attendsCourse) Course The Object property is inherited from the parent class (Student).
(hasCompleted) Course The Object property is inherited from the parent class (Student).
(hasDegree) ProgramofStudy The Object property is inherited from the parent class (Student).
(alumnusOf) Department Inherited property from root-class of the sub-tree (Person).
(hasPublication) Resource Inherited property from root-class of the sub-tree (Person).

Declared as Definition of Property

Data property

(personlID, profilePic,
title, firstName,
lastName, familyName,
gender, homePhone,
workPhone,
mobilePhone,
faxNumber, email,
workEmail, url,
enrollmentDate,
graduationDate)

String, anyURI,
Date

The class inherits its Data properties from the parent class
(Student).
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Class

PostgraduateStudent

Description (En)

Description (Gr)

AltNames, Synonyms

A student who own a Bachelor’s degree and studying for an academic or
professional certificate.

"Evag gorrntg mov katéyetl mruyio Bachelor kot omovddadet yio axadnuoicd M

EMOYYEALOTIKO TIGTOTONTIKO GTTOVOMV.

Postgraduate Student, Metantoyiakog @otrtntig

is Sub-class of Student

has Sub-classes -

Object property Range Relation it describes

“(enrolledin) 1 ProgramofStudy,  The Object property is inherited from the parent class (Student).

Course

(attendsCourse) Course The Object property is inherited from the parent class (Student).

(hasCompleted) ProgramofStudy, The Object property is inherited from the parent class (Student).
Course

(hasDegree) ProgramofStudy The Object property is inherited from the parent class (Student).

(alumnusOf) Department Inherited property from root-class of the sub-tree (Person).

(hasPublication) Resource Inherited property from root-class of the sub-tree (Person).
Declared as Definition of Property

Data property

(personlID, profilePic,
title, firstName,
lastName, familyName,
gender, homePhone,
workPhone,
mobilePhone,
faxNumber, email,
workEmail, url,
enrollmentDate,
graduationDate)

String, anyURI,
Date

The class inherits its Data properties from the parent class
(Student).
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The Course class

Class Course

An institutional unit of teaching that lasts one academic term with a specific subject,
usually is led by one or more instructors and has a fixed group of students.

Description (En)
Description (Gr) Mio, povaoo, 018a6KoA0G EKTOOELTIKOD 1IOPVUATOG TTOL SLOPKEL Evay aKkadTLoiKO
e€aunvo e évo ouyKekplévo Bépa, cuvnBmg S18acKeTAL 0T EVOV 1) TTEPIGGOTEPOLG
eKTadEVTEG Kot aevbvvetal o€ pio 6tabepr| opdda padntaov.

AltNames, Synonyms ~ MdOnpa, Zepvdpio

is Sub-class of

has Sub-classes

Thing (root-class, by default the superclass of all classes)

Object property Range Relation it describes
‘includedin ProgramofStudy A Course can be included in various Study Programs.
Inverse property: includesCourse
coversKA KnowledgeArea Course covers part of a Knowledge Area.
Inverse property: areaOfCourse
offeredBy Department A Course is offered by Department.
Inverse property: offersCourse
hasAttender Student A Course has Student as Attender.
Inverse property: attendsCourse
Disjoint with: hasSupervisor, haslstructor, hasCourseAssistant
hasSyllabus Syllabus A Course has Syllabus.
hasPrerequisite Course A Course may require previous knowledge from other Courses.
Data property Declared as Definition of Property
code Sting  The identifier that uniquely identifies a Course in the Institute.
csName String The official name of a Course.
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The Syllabus ontology

Class

Syllabus

Description (En)

Description (Gr)

AltNames, Synonyms

is Sub-class of

has Sub-classes

A document that addresses course information, expectations and responsibilities to

students.

"Eva. €yypo@o mov eTKOVOVEL TPOG TOLES POLTNTES TIG TANPOPOPIES TOV b LOTOG,

TIG TPOGOOKIEG KOOMG KO TIC VITOYPEDTELS TOVG.

Course Syllabus, TTepiypappe Madnpotog

Thing (root-class, by default the superclass of all classes)

Object property

coversTopic

aimsToLO

syllabusOf

hasSupervisor

haslInstructor

hasCourseAssistant

hasEvent

hasLM
followsTEMethod

LearningOutcome

Course

Professor

Professor

Assistant

TeachingEvent,
EvaluationEvent

Resource

Teaching
EvaluationMethod

Relation it describes

A Course may Cover several Topics.

The coverage of a Topic is depending from how many hours are
being taught; A national or international curriculum guide of the
Body of Knowledge can provide information about the coverage,
the learning outcomes and the minimum hours.

Inverse property: coveredInCourse

Course aims to several Learning Outcomes in connection with the
covered Topics.
Inverse property: acquiredinCourse

It is Syllabus of a Course.
Inverse property: hasSyllabus

A Course can have a Professor as Supervisor who manages all the
activities within a Course such as the design, the implementation,
the lessons, the outcomes, etc.

Inverse property: supervisorOf

A Course has one or more a Professors as Instructors.
Inverse property: instructorOf
Disjoints with: hasAttender, hasCourseAssistant

A Course has one or more Assistants.
Inverse property: assistsinCourse
Disjoints with: hasSupervisor, hasInstructor, hasAttender

A Course is composed of several Events; most of them are
Teaching Events and some are Evaluation Events.

A Course may use several Resources as Learning Material.

Course follows some Teaching and Evaluation Methods during
lessons.

Data property

Declared as

Definition of Property

The identifier that uniquely identifies a Course in the Institute.

The official name of a Syllabus.
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courseType

semesterinProgram
academicYear
language
offeredtoErasmus
startDate

endDate

duration

weeklyHours

weeklyClass
Schedule

weeklyWorkload

creditsECTS

courseURL

eClassURL
versionNo
evaluationlnfo

description

String

Short

String

language

Boolean

Date

Date

duration

duration

String

duration

decimal

anyURI

anyURI
Decimal
String
String

The type of the Course. There are two types of course available:

- Core: Courses that cover core topics and are deemed essential
for an academic degree.

- Compulsory: A term with the same meaning as “Core” which is
used in syllabuses. It’s also expresses the Courses that cover
core topics and are deemed essential for an academic degree.

- Elective: a Course that the student can select from other
alternative courses.

The number of semester within the ProgramofStudy where the

Course is offered and starts (e.g. 3).

The academic year where the Course is offered and starts (e.g.

2017-18 or 2017-2018).

The Language that used during the lessons, at the assignments and

at the evaluation tests of a Course.(e.g. ‘en’ for English, ‘gr’ for

Greek).

A Course can be offered to Erasmus students or not.
The date that the course lessons start (e.g. 2017-10-01).
The date that the course lessons end (e.g. 2018-01-29).

The type represents the duration of time of a Course.

It is expressed as a number of years, months, days, hours, minutes,
and seconds (e.g. P4AM=4 months).

The weekly teaching hours of the course (e.g. PT3H=3 hours,
PT60M=60 minutes)

The weekly class schedule presents the time, day and dates that
the events of the Course are scheduled.

The workload in hours that required for the learning activities and
assignments of a Course in weekly basis. The hours of the lessons
are not included (e.g. PT3H50M=3 hours and 50 minutes,
PT60M=60 minutes).

The ECSTS credits that corresponds to a Course and added to the
total credits of the student’s study program after the successfully
completion of a Course.

The webpage of a Course where someone can find useful
information about the Course, the Syllabus, the Assignments, etc.

The URL of the Course’s eClass platform.
The version number of a Syllabus.
Information about Evaluation and Performance of the Course.

Description of the Course or Event.
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Class

Event

Description (En)
Description (Gr)

AltNames, Synonyms
is Sub-class of

has Sub-classes

All events that happen in a class within a course.

Ola. ta yeyovota wov cuppaivouy 6g o Taén Katd T S10pKELN TOL TPOYPUUUATOS

poOnuatov.
Soupav

Thing (root-class, by default the superclass of all classes)

TeachingEvent, EvaluationEvent

Object property

hasEventAssistant
hasLM

Assistant

LearningMaterial

Relation it describes
An Event may have one or more Assistants.

An Event may use several Resources as Learning Material.

Data property Declared as Definition of Property
Jabel String ~ TheTitleofanEvert.

eventDateTime DateTime The date and time the Event occurs. If the event lasts more than
one time then the value is the date the event is starting (e.g. 2018-
03-14T12:30:00 means 12:30 pm at 14 March, 2018).

eventWeekNo short The number of the week in the semester or the Course that the
Event occurs.

duration duration The type represents the duration of time of an Event.
It is expressed as a number of years, months, days, hours, minutes,
and seconds (e.g. PT2H45M=2 hours and 45 minutes, PT50M=50
minutes).

language language The speaking and/or writing language that is used in an Event (e.g.
‘EN’ for English, ‘GR’ for Greek).

eventClassroom String The classroom, laboratory or any other location that the Event
takes place.

eventWorkload duration The workload in hours that required for the learning activities of
an Event; the duration of the Event is not included (e.g.
PT4H30M=4 hours and 30 minutes, PT90M=90 minutes).

Class TeachingEvent

Description (En)
Description (Gr)
AltNames, Synonyms
is Sub-class of

has Sub-classes

Disjoint with

Events that happen in a class which are related to teaching.

I'eyovéta mov cvupPaivovy o pia taEn Kot oyetilovtat pe ) docKoAio.

Yopupav Adaokariog, Awaockaria, Teaching Event, Teaching Lesson

Event

EvaluationEvent

Object property

Relation it describes
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hasTopic
expectsLO

hasTeacher

followsTEMethod

LearningOutcome

Professor

TeachingEvaluation
Method

A Teaching Event has one or more Topics.
A Teaching Event expects (aims to) one or more Learning
Outcomes for students.

A Teaching Event has at least one Professor as Instructor
(Teacher).
Inverse property: teachesIn

An Event in the classroom follows one or more Teaching Methods
or either Evaluation Methods.

(hasEventAssistant)  Assistant Inherited object property of the parent class (Event).
(hasLM) LearningMaterial Inherited object property of the parent class (Event).
Data property Declared as Definition of Property

(label, eventDateTime,
eventWeekNo,
duration, language,
eventClassroom,
eventWorkload)

String, language,
DateTime, duration

The class inherits its Data properties from the parent class (Event).

Class

EvaluationEvent

Description (En)
Description (Gr)
AltNames, Synonyms
is Sub-class of

has Sub-classes

Events included in evaluation procedure.

I'eyovota mov cupmepthapfdvovtol otn dtadikasio aEloAdynonc.

SouPav EEetdocwv, EEEtaon, Evaluation, Examination

Event

Disjoint with TeachingEvent
Object property Range Relation it describes
‘hasGrader Professor ~ AnEvaluation Event can have at least one Professor as Grader.

followsTEMethod

(hasEventAssistant)
(hasLM)

TeachingEvaluation
Method

Assistant

LearningMaterial

An Event in classroom follows one or more Teaching Methods or
either Evaluation Methods.

Inherited object property of the parent class (Event).

Inherited object property of the parent class (Event).

Data property

(label, eventDateTime,
eventWeekNo,
duration, language,
eventClassroom,
eventWorkload)

Declared as

String, language,
DateTime, duration

Definition of Property

The class inherits its Data properties from the parent class (Event).
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Class TeachingEvaluationMethod

Description (En) The manner and different kinds of teaching methods and learning activities within a
course.

Description (Gr) O tpomog kot Ta €idn pebOd®V ddacKoriog Kol LodNCIKOV dPaCTNPLOTHTMV TOL
YPNOYOTOLOVVTOL KATE TN O1GpKELD TV Labnudtoy.

AltNames, Synonyms ~ MéBodog Adackariog
is Sub-class of Thing (root-class, by default the superclass of all classes)

has Sub-classes -

Object property Range Relation it describes
Data property Declared as Definition of Property
‘methodName string The name of Method that is followed in a Teaching/Evaluation Event.

There is a specific list of allowed values*" “* for this property:

- Lecture: the instructor oral presents the subject or teaches people
with little interaction.

- Demonstration: “involves showing by reason or proof, explaining
or making clear by use of examples or experiments”.

- Discussion: the subject is being examined and discussed in
classroom where each student can express his opinion.

- Seminar: students prepare by themselves and present their work for
discussion and critique.

- Study: the instructor assigns readings for each session which are
then discussed in a meeting or a conference.

- Homework: students are writing short or long papers or essays
about a topic, solving problem sets, etc.

- Laboratory: most of the work is taken place in a laboratory.

- Project: students are organized in groups, work on a topic and meet
with the instructor weekly for discussion and guidance.

- OralExamination: the examiner poses questions to the student or
group of students who have to answer in order to demonstrate
sufficient knowledge about the subject.

- WrittenExamination: students participate in a written examination
which intended to measure the student’s knowledge, skills and

aptitude.
description String Description of a TeachingEvaluationMethod
mediaUsed String The devices, tools and objects that are used to store and deliver

teaching and learning content and data.

I Wikipedia: en.wikipedia.org/wiki/Teaching_method
“2 Wikipedia: en.wikipedia.org/wiki/Course_(education)
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Class

Topic

Description (En)

Description (Gr)

AltNames, Synonyms
is Sub-class of

has Sub-classes

A subject of study, a small piece from Body of Knowledge that could be organized
into course and covered during lessons.

‘Eva 0épo pedétg, éva pikpo Koppdtt oo to Xopa g I'véong mov Oa uropoivoe va

opyavmbel og mopeia kot vo KOALEOEL KaTd T S1apKELN TOV LaONUAT®V.
Subject, @éua

Thing (root-class, by default the superclass of all classes)

Object property Range Relation it describes
listedinKU ~ KnowledgeUnit  Topicis listed by KnowledgeUnit.
Inverse property: lists
coveredInCourse Syllabus A Topic may be covered in several Courses included in different
ProgramofStudies.
Inverse property: coversTopic
Data property Declared as Definition of Property
label Sting ~ The Nameof aneducational Topic.
topicType String The type of the topic defines the importance of the topic for
inclusion in a study program.
The types of a topic could be the values: Core, Core-Tier-1, Core-
Tier-2, and Elective.
duration duration The topic hours represents the minimum amount of time that is
required in order to reach the sufficient depth of coverage.
It is expressed as a number of years, months, days, hours, minutes,
and seconds (e.g. PT6H30M=6 hours and 30 minutes, PT4H=4
hours, PT60M=60 minutes).
Class LearningOutcome

Description (En)

Description (Gr)

AltNames, Synonyms
is Sub-class of

has Sub-classes

The learning outcomes, specific knowledge, skills and competences, which the
students will acquire with the successful completion of the course.

To pobnoloKd amoTeAEGOTO, Ol EWIKEG YVAOGELS, deE10TNTES KOl IKAVOTNTES, TIG
0moieg 01 GTTOVOACTEG 0L ATOKTIGOVVY LLE TNV EMITVYY] OAOKANp®GT TOV LoBNOTOS.

Learning Objective, Mafnociaxd Arotéhecpo

Thing (root-class, by default the superclass of all classes)
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Object property Range Relation it describes

listedInKA KnowledgeUnit LearningOutcome is listed by KnowledgeUnit.
Inverse property: lists

acquiredInCourse Syllabus A Learning Outcome may expected to be acquired in various
Courses.

Inverse property: aimsToLO

Data property Declared as Definition of Property
Jabel Stringg ~ TheName of the Learning Outcome.
levelofMastery String Each Learning Outcome has an associated Level of Mastery
students are expected to achieve with respect to the Topics
specified.

There are three values for Level of Mastery ([98]):

- Familiarity: student understands what a concept is or what it
means.

- Usage: student is able to use and apply a concept.

- Assessment: student is able to consider a concept from multiple
viewpoints and select the appropriate approach for a problem.

Class Resource
aligned with DC:elements

Description (En) The teaching and learning resources that are being used during a course. Books,
academic articles, notes as well as webpages, videos, images, audios and other stuff
with educational interest for a course can be included to the learning material for a
course.

The resource could be an official Publication.

A work of a person which its content is available to the general public. The content
may vary; usually it refers to text, images, audio or visual content, software
programs, etc. The text includes papers and articles in newspapers, magazines, books,
journals, etc.

Description (Gr) O myég d10acKoAiog Kot EKHLAONGNG TOL YPNGLOTOLOVVTOL KATE TN S1ApKELL EVOG
pofnpatoc. BipAio, akadnpaikd apbpa, onpeidoels kabdg kot 16tocehideg, Piveo,
EIKOVES, NYNTIKA Kot GALO oTOLYElN e EKTAUOEVTIKO EVOLOPEPOV UTOPOVV VL
GUUTEPIANEOOVY GTO EKTAOEVTIKO DAIKO Yot €vor Ldonpa.
H myn evdéyetan va amotedel enionun Anpocigvon.
"Eva épyo evog Tpoc®mov, To TEPLEYOUEVO TOV 0Toiov givat d1afécLo 6To VPV
Kowo. To mepieyouevo mokilel. cuVNO®S AVAPEPETOL GE KEILEVO, EIKOVES, NMYNTIKO 1
OTTIKO TEPLEYOLEVO, TPOYPALLATO AoYIopkoD, KAT. To keipevo mepthappdver dpbpa
Kot apBpa o epnuePidEg, TePLodKd, PiPAlc, TEPLOdIKE KAT.

AltNames, Synonyms  TInyn
is Sub-class of Thing (root-class, by default the superclass of all classes)

has Sub-classes -

Semantic Modeling of Educational Curriculum & Syllabus 138



Object property Range Relation it describes

dc:creator Person An entity primarily responsible for making the resource.

Examples of a Creator include a person, an organization, or a
service. Typically, the name of a Creator should be used to
indicate the entity. Here is used to indicate the Author of a work.

dc:contributor Person An entity responsible for making contributions to the resource.

Examples of a Contributor include a person, an organization, or a
service. Typically, the name of a Contributor should be used to

indicate the entity.
Data property Declared as Definition of Property
detite Stingg ~ Anamegiventothe resource.
Typically, a Title will be a name by which the resource is formally
known.
dc:subject String The topic of the resource.

Typically, the subject will be represented using keywords, key
phrases, or classification codes. Recommended best practice is to
use a controlled vocabulary.

dc:date Date A point or period of time associated with an event in the lifecycle
of the resource.
Date may be used to express temporal information at any level of
granularity. Recommended best practice is to use an encoding
scheme, such as the W3CDTF profile of 1ISO 8601 [W3CDTF]
(e.g. 2017-03-15).

dc:language Language A language of the resource.
Recommended best practice is to use a controlled vocabulary such
as RFC 4646 [RFC4646].

dc:source String A related resource from which the described resource is derived.

The described resource may be derived from the related resource
in whole or in part. Recommended best practice is to identify the
related resource by means of a string conforming to a formal
identification system.

Here: The various types of media where the work is published.
The most common types are:
* Book,

* Journal,

* Workshop,

 Conference,

* Proceedings,

* Thesis,

* Magazine,

* Newspaper,

* Webpage,

* UnofficialPublication, etc.
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dc:type String The nature or genre of the resource.
The various types of the work. The most common types of works
are:
* Article,
* Chapter,
* Paper,
* Booklet,
* Poster,
* Thesis,
* Software,
* Specification,
* Report,
 UnofficialPublication, etc.
A Thesis could be BachelorThesis, MasterThesis or
Doctoral Thesis.

dc:format String The file format, physical medium, or dimensions of the resource.
Examples of dimensions include size and duration. Recommended
best practice is to use a controlled vocabulary such as the list of
Internet Media Types.

dc:publisher String An entity responsible for making the resource available.
Examples of a Publisher include a person, an organization, or a
service. Typically, the name of a Publisher should be used to
indicate the entity.

resourceCitation String The official cited reference for the published learning material or
unofficial in case it isn’t published.

URL anyURI The address of the webpage of an Organization, a Person or a
Publication

dc:description String An account of the resource.

Description may include but is not limited to: an abstract, a table
of contents, a graphical representation, or a free-text account of
the resource.
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3.4.6. CREATE INSTANCES

The last step in ontology building process is to create instances of classes. Instances are
also known as individuals and we can also think them as examples of the classes. We can
describe in detail relevant instances by defining their names, classes they belong to, instances

from other classes which they are related to, attribute names and values.

We enriched our ontology with a competent number of instances. The role of instances in
evaluation process is vital; the answers that ontology returns in the queries of competency
questions are based on individuals. Along with the creation of instances, we test the
sufficiency and expressiveness of the properties; whether the defined properties can establish
the relations the concept participates (object properties) and to include the required

information (data properties).

Creating instances in Protégé 5 includes three steps: (i) select the class the instance belongs
to, (ii) create the instance and giving a name, (iii) add values to the properties the instance

inherits from its class. In Protégé both terms, “instances” and “individuals” are used.

Below, the individuals (instances) that have been added to main classes are presented and
analyzed. We emphasized in the area of Computer Science domain as an example case study,
thus most of the instances are related to Computer Science. Yet, some instances related to the
subject of Psychology have been created. The focus has given to those classes that participate
in the queries based on competency questions in order the ontology to be able to give
answers. Some figures also included that illustrate the most typical examples of relations
between individuals (instances). It must be noted that, when we activate HermiT reasoner
[24] in Protégé, a number of properties are automatically inferred from the inference engine

of the reasoner; these properties are presented in yellow background.

Instances of classes in FieldofStudy sub-tree
Most of the instances that created here are related to the knowledge coverage of Computer

Science. We used the object property partOfFs to establish relation between a lower class to
a higher class of the sub-tree, for example an instance of class KnowledgeUnit IS partOfFsS
an instance of class KnowledgeArea. Figure 55 presents all the created instances of the

classes of FieldofStudy sub-tree.
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In class Discipline the following instances have been created:

Two

Anthropology
Biology
Chemistry
Computer Science
Earth Sciences
Economics

Human Geography

instances have been  added

Mathematics
Physics

Political Science
Psychology
Sociology

Space Sciences

Statistics

class KnowledgeBody, namely

American Psychological Association Standards 2010  which IS  partofFs

Psychology (instance of class Discipline) and Computer Science Curricula 2013

which is partofFs Computer_Science (instance of class Discipline).

For: Discipline For: KnowledgeArea

& Anthropology & CS/AL_Algorithms_and_Computation_Theory
¥ Biclogy & Cs/CS_Computational_Science

& Chemistry & CS/CVR_Computer_Vision_and_Robotics

& Computer_Science
4 Earth_Sciences

& Economics & Cs/IM_Information_Management

& Human_Geography & CS/IS_Intelligent_Systems

& Mathematics & CS/NC_Networking_and_Communication

& Physics & Cs/05_operating_Systems

& Political_Science & cs/pPD_Parallel_and_Distributed_Computing
& Psychology & CS/PL_Programming_Languages

¥ Sodiology & C5/S1_Society_and_Informatics

& Space_Sciences
& statistics

For:

KnowledgeBody

& American_Psychological_Association_Standards_2010
4 Computer_Science_Curricula_2013

& CS/HW_Hardware_and_Computer_Systems
& CS/IAS_Security_and_Information_Assurance

& cs/sIP_Social_Issues_and_Professional_Practice
& CS/SW_Software_Engineering_Software_Systems_and_Applications

For: KnowledgeUnit

& CS/1S_Advanced_Representation_and_Reasoning
& CS/NC/LAN_Local_Area_Networks

& CS/NC/RF_Routing_and_Forwarding

& CS/0S/0SP_Operating_System_Principles

& CS/PL/LP_Logic_Programming

& cS/PL/00P_oObject-Oriented_Programming

Figure 55: Instances of Classes in FieldofStudy sub-tree in Protégé

We referenced the Computer Science Curricula 2013 [95] and added the following

Instances in class KnowledgeArea:

CS/AL Algorithms and Computation Theory

CS/CS_Computational Science

CS/CVR Computer Vision and Robotics
CS/HW Hardware and Computer Systems

CS/IAS Security and Information Assurance

CS/IM Information Management

CS/IS Intelligent Systems

CS/NC_Networking and Communication

CS/0S_Operating Systems
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CS/PD_Parallel and Distributed Computing

CS/PL_Programming Languages

CS/SIP Social Issues and Professional Practice

CS/SI_Society and Informatics

CS/SW_Software Engineering Software Systems and Applications

In Figure 56 for example, the properties of instance CS/PL Programming Languages

are presented. The properties in yellow background (Figure 56) are automatically inferred

from the reasoner because areaOfCourse is inversed property of coverska which has

expressly stated.

Property assertions: C5/PL_Programming_

Chject property assertions

M partOfFS Computer_Science_Curricula_2013
N partOfFS Computer_Science

B 5rea0fCourse
B 5rea0fCourse
B 5rea0fCourse
B 5rea0fCourse
B 5rea0fCourse
B 5rea0fCourse
B 5rea0fCourse
M area0fCourse
M area0fCourse

B areaOfCourse

[ata property assertions

B abbreviation *

C5240/C5_BSc/CSDY/SSE/UoC
C5317/C5_BSc/CSDYSSE/UoC
C5380/CS5_BSc/CSDYSSE/UoC
C5342/CS5_BSc/CSDYSSE/UoC
C5340/CS5_BSc/CSDYSSE/UaC
C5150/CS_BSc/CSDYSSE/UoC
C5252/CS_BSc/CSDYSSE/UoC
TP10K4/IE_BSc/IED/STEF/TEIC
C5486/CS_BSc/CSD/SSE/UaC
C5387/CS_BSc/CSD/SSE/UaC

"PL""xsd:string

mfsName “Programming Languages” " "xsd:string

Figure 56: Properties of instance CS/PL_Programming_Languages

In class KnowledgeUnit the following set of instances have been added (Figure 55) and

we used the object property 1ists to establish the relations “KU lists a set of Topics” and

“KU lists a set of Learning Outcomes” with instances of Topic and LearningOutcome

classes respectively.

CS/IS Advanced Representation and Reasoning

CS/NC/LAN Local Area Networks

CS/NC/RF Routing and Forwarding

CS/0S/0SP_Operating System Principles

CS/PL/LP Logic Programming
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CS/PL/OOP_Object-Oriented Programming

In Figure 57 for example, properties of instance CS/NC/LAN Local Area Networks are

presented with Topics to be included in the red rectangles (point 1) and LearningOutcomes to

be included in green rectangles (point 2).

Property assertions: C5/NC/LAN_Local_Area_MNetworks

Chject property assertions

[mmlists

CS/NC/LAN/T_Common_approaches_to_multiple_access |

[ = lists

CS/NC/LAN/LO_Describe_the_interrelations_between_IP_and_Ethernet |

M partOfFS CS/NC_Networking_and_Communication

I

. lists
. lists
. lists

CS/NC/LAN/LO_Describe_how_frames_are forwarded_in_an_Fthernet_network

CS/NC/LAN/LO_Describe_the steps_used_in_one_common_approach_to_the multiple_access_problem

CS/NC/LAN/LO_Identify_the_differences_between_IP_and_Ethernet

m lists
. lists
. lists
. lists

CS/NC/LAN/T_Ethernet
CS/NC/LAN/T_Switching
CS/NC/LAN/T_Local_Area_MNetworks
CS/NC/LAN/T_Multiple_Access_Problem

M partOfFS Computer_Science_Curricula_2013
M partOfFS Computer_Science

Drata property assertions
M fsName “Local Area Networks"”~“xsd:string
M abbreviation "CS/NC/LAN"""xsd:string

Figure 57: Properties of instance CS/NC/LAN_Local_Area_Networks

Figure 58 shows the graph with classes in FieldofStudy sub-tree and their instances in

Protegé:

/_,

) L ™ —=
|E . K
# CSINC/RF_Routin +‘ CSINCILAN, Lecal
g_and_Forwardin... _Area_Networks

[ o T
ting_System_Pri...

CS/IPL_Programming_Languages

Figure 58: Graph with classes in FieldofStudy sub-tree and their instances in Protégé
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Instances of classes in EducationalOrganization sub-tree

Considering the individuals of degrees that we will be created in ProgramofStudy sub-tree
later, we created the appropriate individuals in these classes that will provide these degrees.
Figure 59 presents the instances of classes in EducationalOrganization sub-tree in Protégé.

The small difference in names collated to the names in the lists below, is because of the

annotation label that used for giving meaningful names.

For: University

& TEI of Crete
& University of Crete

For School

& School of Engineering | TEI of Crete
& School of Sciences and Engineering | University of Crete
& school of Social Sciences | University of Crete

For: Department

& Computers Sciences Department | University of Crete
& Department of Informatics Engineering |TEI of Crete
& Psychology Department | University of Crete

For Institute
& 1o IEK Irakleiou

Figure 59: Individuals of classes in EducationalOrganization sub-tree in Protégé

In University class two individuals have been created:

TEI of Crete

University of Crete
In school class three individuals have been created:

School of Engineering of TEI of Crete
School of Sciences and Engineering of University of Crete

School of Social Sciences of University of Crete
In Department class three individuals have been created, relevant with degrees from
ProgramofStudy sub-tree:

Computers Sciences Department of University of Crete
Department of Informatics Engineering of TEI of Crete

Psychology Department of University of Crete
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In Institute class we added the individual 1o IEK Irakleiou.

In  Figure 60 the annotations and property assertions of individual
Department_of Informatics_ Engineering_of TEI of Crete are presented. Specifically, in
the red points are presented: (1) the annotated labels, (2) the Programs that the department
provides, (3) the School that the Department belongs to, (4) the Employees of the
Department (to reduce the image dimensions only some of them are shown), (5) the
University that the Department belongs to, (6) the Courses that offered by the Department,
(7) the Academic staff of the Department, (8) the Persons that have an affiliation with the
Department, and (9) the information that have been attached to the data properties of the

Department. The properties in yellow background are semantically inferred by the reasoner.

Annotations: 'Department of Informatics Engineering |TEI of Crete'

Annotations
rdfs:label [language: en]
Department of Informatics Engineering |TEI of Crete o

rdfs:label [language: gr]
Tunpa Mnxavikwy NAnpopopikric | TEI KpATng

Property assertions: 'Department of Informatics Engineering |TEI of Crete'

Object property assertions
mm providesProgram 'Bachelor of Science in Informatics Engineering of TEI of Crete’ 9
®m belongsTo 'School of Engineering | TEI of Crete’ e
® providesProgram ‘Master of Science in Informatics & Multimedia of TEI of Crete’ 9
mm hasEmployee Vassilakis_Kostas e
®m belongsTo 'TEI of Crete' 9
mm offersCourse TP70L5/IE_BSc/IED/STEF/TEIC
mm offersCourse TP70L4/IE_BSc/IED/STEF/TEIC @
mm offersCourse IM106/IM_MSc/IED/STEF/TEIC
mm offersCourse IM210/IM_MSc/IED/STEF/TEIC

™ hasAcademicStaff Papadakis_Mikolaos
M hasAcademicStaff Stratakis_Dimitrios 6
mm hasAcademicStaff vassilakis_Kostas
. affiliatedWith Aivalis_Costas 9
mm sffiliatedWith Akoumianakis_Demosthenes
Data property assertions
m schema:identifier "IED/STEF/TEIC"~"xsd:string @

M schema:legalName "Tpfpa Mnxavikav MAnpogopikic TN ZxoAng Texvohoyikov Eqpappoymv (STED) Tou Texvoloyikou
Idpiparog (TEI) KpRmg"~~xsd:string

mm address “"Department of Informatics Engineering
School of Engineering
TEI of Crete
P.O Box 71500
Heraklion, Crete, Greece™~"xsd:string

¥ location "Estavromenos Heraklion™ ~~xsd:string
m faxNumber "2810-379717"~~xsd:string

mm schema:legalName "Department of Informatics Engineering of School of Engineering (STEF) of Technological Educational
Institute (TEI) of Crete”~~xsd:string

i workPhone "2810-379716, 2810-379795, 2810-379853"~~xsd:string
mmurl “http://www.ie.teicrete.gr”~~xsd:anyURI
M email “secretariat@ie.teicrete.gr”~~xsd:anyURI

Figure 60: Annotations and Property assertions of individual Department of Informatics Engineering of TEI of
Crete
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Figure 61 shows the graph with classes in EducationalOrganization sub-tree and their
instances in Protégé. The yellow lines with arrows depict the relation belongsTo between the

individuals.

’ ‘University of
o Crete!
—
Universit .
A}L’ =1 @ TElof Crete
. schema:Educatio =)
nalOrganization e —

' = & 'Schoal of
m ——ff  Sciences and En...
\ S T | # 'Schodlof

# 'School of Sacial Engineering | T...
Sciences | Univ...

/;? \ v -;:_:: T O P e i e e e

Q ‘Computers 0 ‘Department of
Sciences Depart... | Informaties Eng...

'@ Psychology
Department | Un...

Figure 61: Graph with classes in EducationalOrganization sub-tree and their instances

Instances of classes in ProgramofStudy sub-tree
The instances that have been created in each class in this sub-tree are typical examples of

each type/level of degree. Each instance can establish relations with instances of classes
EducationalOrganization (in our examples with instances of Department class),
KnowledgeBody, Course and Student with the object properties providedBy, haskKB,
includesCourse and hasRegistered respectively. Figure 62 presents the instances of
classes in ProgramofStudy sub-tree in Protégé. It must be noted that, the small difference in
names as shown in Protégé collated to the names in the lists below, is because of the

annotation label that used for giving meaningful names.
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For: Bachelor

& Bachelor of Science in Computer Science of University of Crete
& Bachelor of Science in Informatics Engineering of TEI of Crete
& Bachelor of Science in Psychology of University of Crete

For: Master

& Master of Science in Computer Science and Engineering of University of Crete
& Master of Science in Informatics & Multimedia of TEI of Crete
& Master of Science in School Psychology of University of Crete

For: Doctorate

& PhD in Clinical Psychology of University of Crete
& PhD in Computer Science and Engineering of University of Crete

For: Certificate
& DEK Technician for Networks and Telecommunications IEK

For: SchoolDiploma
& High School Diploma

Figure 62: Instances of classes in ProgramofStudy sub-tree in Protégé

In Bachelor class three individuals have been created, corresponding one Bachelor degree

for each individual of Department class:

BSc Computer Science/CS BSc/CSD/SSE/UoC
(label: Bachelor of Science in Computer Science of University of Crete)
BSc Informatics Engineering/IE BSc/IED/STEF/TEIC

(label: Bachelor of Science in Informatics Engineering of TEI of Crete)
BSc Psychology/PSY BSc/SoC/UoC

(label: Bachelor of Science in Psychology of University of Crete)

In Master class three individuals have been created, corresponding one Master degree for

each individual of Department class:

MSc Computer Science and Engineering/CSE MSc/CSD/SSE/UoC

(label: Master of Science in Computer Science and Engineering of University of Crete)
MSc Informatics & Multimedia/IM MSc/IED/STEF/TEIC

(label: Master of Science in Informatics & Multimedia of TEI of Crete)

MSc School Psychology/SP MSc/PSY/SoC/UoC

(label: Master of Science in School Psychology of University of Crete)

In Doctorate class two individuals have been created, corresponding one Doctorate degree

for each individual of Department class that belongs to University_of Crete:

Semantic Modeling of Educational Curriculum & Syllabus 148



PhD Clinical Psychology/CP_PhD/Psy/SoC/UoC
(label: PhD in Clinical Psychology of University of Crete)
PhD Computer Science and Engineering/CSE PhD/CSD/SSE/UoC

(label: PhD in Computer Science and Engineering of University of Crete)

In Certificate class the individual DEK_Technician_for_
Networks_and_Telecommunications_of IEK has been created and in class SchoolDiploma

the individual High_School_Diploma (Figure 62).

Figure 63 below presents the Property assertions of individual ‘Master of Science in
Informatics &  Multimedia of TEI of Crete’ (IRl: MSc_Informatics &
Multimedia/IM_MSc/IED/STEF/TEIC). In red points are presented the following object
property assertions: (1) Courses that this MSc program includes, (2) Department that
provides the program, (3) Bachelor degrees that required in order a person to enroll in this
program, (4) Students that are enrolled in the program. The last assertions with the relations
hasRegisterd and affiliatedwith (yellow background) are semantically inferred by the

reasoner. In point 5 of Figure 63 sthe data property assertions of the program are presented.

Figure 64 presents the graph with classes in ProgramofStudy sub-tree and their instances.
The dashed arrows show the relations that this IE_MSc program requires a Bachelor degree

(point 1) and is provided by the Department of Informatics Engineering (point 2).
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Property assertions: 'Mastel

m includesCourse
® includesCourse
M includesCourse
m includesCourse
m includesCourse
m includesCourse
m includesCourse
m includesCourse
m includesCourse
M includesCourse

formatics & Multimedia of TEI of

IM209/IM_MSc/IED/STEF/TEIC
IM202/IM_MSc/IED/STEF/TEIC
IM105/IM_MSc/TED/STEF/TEIC
IM101/IM_MSc/TED/STEF/TEIC
IM206/IM_MSc/TED/STEF/TEIC
IM108,/IM_MSc/TED/STEF/TEIC o
IM203/IM_MSc/TED/STEF/TEIC
1IM104/IM_MSc/TED/STEF/TEIC
IM205/IM_MSc/IED/STEF/TEIC
IM102/IM_MSc/TED/STEF/TEIC

W requiresProgram 'Bachelor of Science in Informatics Engineering of TEI of Crete’ a
s includesCourse IM208/IM_MSc/IED/STEF/TEIC
o includesCourse IM204/IM_MSc/IED/STEF/TEIC

o providedBy 'Department of Informatics Engineering | TEI of Crete’ 9

s includesCourse TM103/IM_MSc/TED/STEF/TEIC
m includesCourse IM207/IM_MSc/IED/STEF/TEIC
m includesCourse IM107/IM_MSc/IED/STEF/TEIC
B requiresProgram 'Bachelor of Science in Computer Science of University of Crete’ 9

m includesCourse
m includesCourse
m includesCourse
m includesCourse
m includesCourse

IM210/IM_MSc/TED/STEF/TEIC
IM109/IM_MSc/TED/STEF/TEIC
IM201/IM_MSc/TED/STEF/TEIC
1M211/IM_MSc/IED/STEF/TEIC
IM106/IM_MSc/IED/STEF/TEIC

™ hasRegistered
mm hasRegistered
W hasRegistered
M hasRegistered
mm hasRegistered
M hasRegistered
mm hasRegistered
® hasRegistered
mm hasRegistered
W hasRegistered

[...]

Starkeiou_Alexandros b

Agrimakis_Samson
Starkeiou_Aria
Kokkinos_Heraklis
Triantafillou_Irene
Vassileiou_Tom
Martelis_Stelios
Dallas_MNektarios
Sandi_Elina

Hionis_John

mm sffiliatedWith Starkeiou_Alexandros
mm ffiliatedWith Agrimakis_Samson
m sffiliatedWith Starkeiou_Aria

Data property assertions

M degreeType “Master of Science”~~xsd:string

mm degreeTitle "Master of Science in Informatics & Multimedia”~~xsd:string

M degreeType "MSc"~"~xsd:string

B csName "Master of Science in Informatics & Multimedia of Department of Informatics Engineering (IED) of
(STEF) of Technological Educational Institute (TEI) of Crete”~~xsd:string

mu creditsECTS 120" ~~xsd:short

M degreeURL "https://www . teicrete.gr/mscie/"~“xsd:anyURI

mucode "IM_MSc/IED/STEF/TEIC"~~xsd:string

Figure 63: Property assertions of individual MSc_Informatics_&_Multimedia/IM_MSc/IED/STEF/TEIC

Figure 64: Graph with classes in ProgramofStudy sub-tree and their instances

" & SchoolDiploma

* & 'PhD in Clinical
Psychalogy of U..

PhD in Computer
Science and Eng...

# 'Bachelor of
Science in Psyc...

’ ‘Bachelor of
Science in Info...

B* ¢ ‘Bachelor of
Science in Comp...

# 'Master of
Science in Info...

# 'Master of
Science in Comp...

& ‘Master of
Science in Scho...
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Instances of classes in Person sub-tree

A competent number of instances have been created in the three classes of this sub-tree that
have important role in our ontology, which are the classes professor, Assistant and

Student.

The instances of sub-classes are also instances of class pPerson, so they can establish
relations with instances of classes ProgramofStudy, Department, and Resource Wwith
object properties hasDegree, alumnusOf, and hasPublication respectively. Each
instance of class professor can establish relations with instances of class syllabus with
object properties suppervisorOf, instructoroOf, with class Department as memberOf and
with instances of class Event with object properties teachesIn, hasGrader. Each instance
of class Assistant can establish relations with instances of class syllabus and Event with
object properties assistsInCourse, and assistsInEvent respectively. As to the instances
of class student, they can establish relations with instances of class course with object
properties attendsCourse, hasCompleted, and with instances of class ProgramofStudy
with property enrolledIn. Figure 65 presents the instances of classes in Person sub-tree in
Protégé. The instances of class Professor are real professors and some instances of

Assistant class while the instances of class student are not real persons.
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For: Professor For: Assistant For: Student

& Aivalis_Costas & Gramma_Joanna & Agrimakis_Samson
& Akoumianakis_Demosthenes & Katis_Evangelos & Assarioti_Mellisandri
& Argyros_Antonis & Kondylakis_Haridimos & Assarioti_Tina

& Christofides_Vvassilis & Pappa_Pepi & Dallas_Nektarios

& Faturou_Panagiota & Pasta_Flora & Flyn_vasilis

& Fragopoulou_Paraskevi & Gakis_George

& Georgakopoulos_George & Grizakis_Jacob

& Grammatikakis_Miltiadis & Grizos_Thanos

& Kafetsios_Konstantinos
& Kalogiannakis_Michail

& Karagiannakis_Dimitrios

& Katevenis_Manolis

& Kornaros_George

& Malamos_Athanasios
& Manifavas_Harry

@& Marakakis_Manolis
& Marias_Kostas

& Markatos_Evangelos
& Mastorakis_George
& Mouxtaris_Athanasios
& Pachoulakis_Ioannis
& Pallis_Evangelos

& Panagiotakis_Spyros
& rapadakis_Nikos

& Papadopouli_Maria

& rapadourakis_George
& Plexousakis_Dimitris
& Pratikakis_Polyvios
& Rizopoulou_Noni

& savidis_Anthony

& Stratakis_Dimitrios
& Tollis_Ioannis

& Triantafyllidis_George
& Tsakalidis_Panayiotis
& Tsiknakis_Manolis

& Tziritas_George

& vassilakis_Kostas

& vidakis_Nikolaos

& vourkas_Michail

& Xezonakis_Ioannis

& Halkas_Gregory
& Halkas_Sotiris

& Hionis_3John

& Kekili_Souzan

& Kokkinos_Heraklis
& Lioni_Catherine

& Lionis_Joshua

& Lionis_Tim

& Lourakis_Stelios
& Martelis_Stelios
& Mourati_Ginna

& Mouratidis_Jordan
& Palaiologou_Ifigeneia
& pPanelis_Panos

& Raderis_Jim

& Ralli_Mary

& Rallis_John

& sandi_Elina

& sandi_Tzina

& Seakis_Dimitris

& Sotiriou_Sara

& Sotiropoulou_Mikela
& starkeiou_Alexandros
& starkeiou_Aria

& sStarkeiou_cCatherine
& starkeiou_Michael
& starkeiou_Nick

& starkeiou_Vvakis
& Tarla_Elena

& Tarla_Margaret

& Tarlas_Lefteris

& Tarlis_Kostas

& Tatheli_vicky

& Triantafillou_Irene
& vassilakis_vassilis
& vassileiou_George
& vassileiou_Joshua
& vassileiou_Marcela
& vassileiou_Stathis
& vassileiou_Tom

& vassileiou_vassilis

Figure 65: Instances of the 3 most important classes in Person sub-tree in Protégé

The property assertions of professor papadakis Nikos are presented in Figure 66: (1)
Degrees that this person has, (2) Department that this person work for and he is member of
its Academic Staff, (3) Courses that this Professor supervises, (4) affiliation relations
between this person and other instances, (5) Courses that the proffesor teaches (as professor),

(6) Publications that this person has authored, and (7) data properties of this person.
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Property assertions: 'Papadakis Nikos'

Ohject property assertions

mm hasDegree 'Bachelor of Science in Computer Science of University of Crete’
M hasDegree 'PhD in Computer Science and Engineering of University of Crete’
= memberOf 'Department of Informatics Engineering |TEI of Crete’

M hasDegree 'Master of Science in Computer Science and Engineering of University of Crete’

mm supervisorOf TP70L5s1/IE_BSc/IED/STEF/TEIC
M supervisorOf TP50L5s1/IE_BSc/IED/STEF/TEIC
e supervisorQOf IM10551/IM_MSc/IED/STEF/TEI

mm supervisorOf TP50Y5s1/1E_BSc/IED/STEF/TEIC
m supervisorOf TP10K2s51/IE_BSc/IED/STEF/TEIC

 5lumnusOf 'Computers Sciences Department | University of Crete’

M hasPublication 'Marakakis,Kondylakis,Papadakis (2012) Knowledge Representation in a proof checker for logic programs’

M hasPublication 'Hatzivasilis,Papaefstathiou,Manifavas,Papadakis (2014) A Reasoning System for composition verification and security validation’

(6

v orksFor 'Department of Informatics Engineering |TEI of Crete’ e

. SffiliatedWith
. sffiliatedWith
. SffiliatedWith
. 5ffiliatedWith
. sffiliatedWith
. SffiliatedWith
. sffiliatedWith
. SffiliatedWith
. 5ffiliatedWith
. sffiliated With

TP70L5s1/1E_BSc/IED/STEF/TEIC

'‘Bachelor of Science in Computer Science of University of Crete’

'Computers Sciences Department | University of Crete’
TP50L5s51/1E_BSc/IED/STEF/TEIC

IM10551/IM_MSc/IED/STEF/TEI

‘Department of Informatics Engineering |TEI of Crete’
TP50Y551/1E_BSc/IED/STEF/TEIC

TP10K2s1/IE_BSc/IED/STEF/TEIC

'Master of Science in Computer Science and Engineering of University of Crete’

'PhD in Computer Science and Engineering of University of Crete’

W instructorOf TP70L5s1/IE_BSc/IED/STEF/TEIC
minstructorOf TP50L5s1/IE_BSc/IED/STEF/TEIC
W instructorOf IM10551/IM_MSc/IED/STEF/TEI

minstructorOf TP50Y551/1E_BSc/IED/STEF/TEIC
mminstructorOf TP10K2s1/IE_BSc/IED/STEF/TEIC

Data property assertions

B profilePic

mm staffPosition

"https:/ fwww.teicrete.gr/mscie/sites /teicrete.gr.mscie /files /styles / p|
M gender “"Male”~"xsd:string
M lastName "Papadakis"~~xsd:string 9
mm firstName “Nikolaos™~~xsd:string
mutitle "Dr"~~xsd:string

mmemail "papadakisn@ie.teicrete.gr”~~xsd:anyURI
mmworkPhone "2810379196"~"xsd:string

"Assistant Professor™”~~xsd:string

Figure 66 : Property assertions of professor Papadakis Nikos

rofile_pic/public/pictures/picture-65-1388084885.jpg?itok=_

Figure 67 depicts the graph with relations that Professor vassilakis Kostas has with

instances from other classes: (1) Department that the professor is member of its Academic

staff, (2) Degrees that he has, (3) one of his Publications, (4) Courses that he supervises, and

(5) Courses he teaches.
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Figure 67: Graph with relations that Professor Vassilakis Kostas has with instances of other classes

All students belong to class student (Figure 65) and are classified to its sub-classes with

automatic inference from the reasoner based on some rules and restrictions (points 1) as

shown in Figure 68, where 9 students are classified t0 UndergraduateStudent class (point

2) and 16 students are classified to PostgraduateStudent class (point 3).

Description: UndergraduateStudent Description: PostgraduateStudent

Equivalent To
@ Student
and (enrolledIn some Bachelor)

SubClass Of

@ (not ((enrolledIn some Doctorate) or (

and (enrolledIn exactly 1 Bachelor)
@ Student

General class axioms

SubClass Of (Anonymous Ancestor)

© foaf:Person

Instances

& Kekili_Souzan

& Rralli_Mary

& Rallis_John

& Starkeiou_Nick

& Starkeiou_vakis
& Tarlis_Kostas

& vassileiou_George

& vassileiou_Joshua

& vassileiou_Marcela

lledIn some Master)))

Equivalent To

@ Student
and ((enrolledIn some Master)
and (hasDegree some Bachelor))

P

SubClass Of
@ (not (enrolledIn some Bachelor))
and (hasDegree some Bachelor)
and (enrolledIn exactly 1 Master)

@ Student

General class axioms

SubClass Of (Anonymous Ancestor)

© foaf:Person

Instances

& Agrimakis_Samson

& Assarioti_Mellisandri
& Dallas_Nektarios

& Hionis_lohn

& Kokkinos_Heraklis

& Lioni_catherine

& Lionis_Joshua

& Martelis_Stelios

& Mourati_Ginna

& pPalaiclogou_Ifigeneia
& sandi_Elina

& Starkeiou_Alexandros
& Starkeiou_Aria

& Triantafillou_Irene

& vassilakis_vassilis

& vassileiou_Tom

Figure 68: Classification of Students in sub-classes UndergraduateStudent, PostgraduateStudent
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Figure 69 depicts the graph with relations that student Hionis John has with instances
from other classes: (1) Degree that student has, (2) Program of study that student is enrolled

in, (3) Courses that student currently attends, (4) Courses that student has successfully

completed.
=
* & IM107/IM_MSc/IE @ IM104/IM_MSc/IE
DISTEFTEIC DISTEF/TEIC
* & IM101/IM_MSc/IE
DISTEF/TEIC ' IM105/1M_MSa/IE
- -° DISTEF/TEIC
T T T @ IM210/M_MSciE
AN T o DISTEFITEIC
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* & IM207/M_MSc/IE £ & IM201/IM_MSc/IE
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Figure 69: Graph with relations that student Hionis_John has with instances from other classes

Instances of classes Course and Syllabus

These are core classes in our ontology, thus a large number of instances have been created
with courses and their syllabi which are included in study programs of ProgramofStudy sub-
tree. In Course class we created 155 instances total (Figure 70), 64 of them are included in
study program Bachelor of Science in Informatics Engineering of TEI of Crete, 60 courses
are included in study program Bachelor of Science in Computer Science of University of
Crete, 3 courses are included in study program Bachelor of Science in Psychology of
University of Crete, 20 courses are included in study program Master of Science in
Informatics & Multimedia of TEI of Crete, 2 courses are included in study program Master of
Science in Computer Science and Engineering of University of Crete, 1 course for study
program Master of Science in Computer Science and Engineering of University of Crete, and

1 course for study program PhD in Clinical Psychology of University of Crete (Figure 70).
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For: Course

& C5100/CS_BSc/CSD/SSE/UoC 4 CS280/CS_BSc/CSD/SSE/UoC
@ C5108/CS_BSc/CSD/SSE/UcC 4 CS383/CS_BSc/CSD/SSE/UoC
& C5109/CS_BSc/CSD/SSE/UoC 4 CS387/CS_BSc/CSD/SSE/UoC
@ C5110/CS_BSc/CSD/SSE/UoC € CS404/CS_BSc/CSD/SSE/UoC
& C5118/CS_BSc/CSD/SSE/UoC 4 CS408/CS_BSc/CSD/SSE/UoC
@ C5119/CS_BSc/CSD/SSE/UeC 4 CS422/CS_BSc/CSD/SSE/UoC
& C5120/CS_BSc/CSD/SSE/UoC 4 CS425/CS_BSc/CSD/SSE/UoC
@ C5150/CS_BSc/CSD/SSE/UoC € CS428/CS_BSc/CSD/SSE/UoC
& C5180/CS_BSc/CSD/SSE/UoC 4 CS435/CS_BSc/CSD/SSE/UoC
@ C5208/CS_BSc/CSD/SSE/UcC 4 CS436/CS_BSc/CSD/SSE/UoC
& C5209/CS_BSc/CSD/SSE/UoC 4 CS439/CS_BSc/CSD/SSE/UoC
@ C5215/CS_BSc/CSD/SSE/UoC 4 CS446/CS_BSc/CSD/SSE/UoC
@ C5217/CS_BSc/CSD/SSE/UoC 4 CS452/CS_BSc/CSD/SSE/UoC
& C5220/CS_BSc/CSD/SSE/UoC 4 CS455/CS_BSc/CSD/SSE/UoC
& C5225/CS_BSc/CSD/SSE/UoC 4 CS457/CS_BSc/CSD/SSE/UoC
@ C5240/CS_BSc/CSD/SSE/UoC 4 CS459/CS_BSc/CSD/SSE/UoC
@ C5252/CS_BSc/CSD/SSE/UoC 4 CS460/CS_BSc/CSD/SSE/UoC
& C5255/CS_BSc/CSD/SSE/UoC 4 CS463/CS_BSc/CSD/SSE/UoC
& CS280/CS_BSc/CSD/SSE/UoC 4 CS468/CS_BSc/CSD/SSE/UoC
@ CS302/CS_BSc/CSD/SSE/UoC 4 CS469/CS_BSc/CSD/SSE/UoC
@ C5317/CS_BSc/CSD/SSE/UoC 4 CS471/CS_BSc/CSD/SSE/UoC
& CS330/CS_BSc/CSD/SSE/UoC 4 CSa72/CS_BSc/CSD/SSE/UoC
@ CS335/CS_BSc/CSD/SSE/UeC 4 CS473/CS_BSc/CSD/SSE/UoC
& CS340/CS_BSc/CSD/SSE/UoC 4 CS474/CS_BSc/CSD/SSE/UoC
@ C5342/CS_BSc/CSD/SSE/UoC € CS475/CS_BSc/CSD/SSE/UoC
& C5345/CS_BSc/CSD/SSE/UoC 4 CS482/CS_BSc/CSD/SSE/UoC
@ CS351/CS_BSc/CSD/SSE/UeC 4 CS486/CS_BSc/CSD/SSE/UoC
& CS352/CS_BSc/CSD/SSE/UoC 4 C5499/CS_BSc/CSD/SSE/UoC
@ C5358/CS_BSc/CSD/SSE/UoC 4 CS539/CSE_MSc/CSD/SSE/UoC
& CS360/CS_BSc/CSD/SSE/UoC 4 CS540/CSE_MSc/CSD/SSE/UoC
@ CS364/CS_BSc/CSD/SSE/UeC 4 CS672/CSE_PhD/CSD/SSE/UoC
& CS370/CS_BSc/CSD/SSEfUeC ~

& C5371/C5_BSc/CSD/SSE/UeC

& 1M101/IM_MSc/TED/STEF/TEIC
& IM102/IM_MSc/IED/STEF/TEIC
& IM103/IM_MSc/IED/STEF/TEIC
& 1M104/IM_MSc/IED/STEF/TEIC
@ 1M105/TM_MSc/TED/STEF/TEIC
& IM106/IM_MSc/IED/STEF/TEIC
& IM107/IM_MSc/IED/STEF/TEIC
& 1M108/IM_MSc/IED/STEF/TEIC
@ 1M109/TM_MSc/TED/STEF/TEIC
& IM201/IM_MSc/IED/STEF/TEIC
& IM202/IM_MSc/IED/STEF/TEIC
@ IM202/IM_MSc/IED/STEF/TEIC
@ 1M204/IM_MSc/TED/STEF/TEIC
& 1M205/IM_MSc/IED/STEF/TEIC
& IM206/IM_MSc/IED/STEF/TEIC
@ IM207/IM_MSc/IED/STEF/TEIC
& 1M208/IM_MSc/IED/STEF/TEIC
& 1M209/IM_MSc/IED/STEF/TEIC
& IM210/IM_MSc/IED/STEF/TEIC
@ IM211/IM_MSc/IED/STEF/TEIC
@ PSY131/CIA_MSc/Psy-Med/UoC
@ PSY132/CIA_MSc/Psy-Med/UoC
& PSY1501/PSY_BSc/SoC/Uoc

& PSY2401/PSY_BSc/SoC/Uoc

& PSY3601/PSY_BSc/SoC/Uoc

@ PSY642/CP_PhD/Psy/SoC/UoC

@ TP10K1/IE_BSc/IED/STEF/TEIC
& TP10K2/IE_BSc/IED/STEF/TEIC
& TP10K3/IE_BSc/IED/STEF/TEIC
& TP10K4/IE_BSc/IED/STEF/TEIC
@ TP10KS5/IE_BSc/IED/STEF/TEIC
& TP10K6/IE_BSc/IED/STEF/TEIC
& TP20K1/IE_BSc/IED/STEF/TEIC
& TP20K2/IE_BSc/IED/STEF/TEIC
@ TP20K3/IE_BSc/IED/STEF/TEIC
& TP20K4/IE_BSc/IED/STEF/TEIC
& TP20K6/IE_BSc/IED/STEF/TEIC
& TP20K7/IE_BSc/IED/STEF/TEIC
& TP30K1/IE_BSc/IED/STEF/TEIC
& TP30K2/IE_BSc/IED/STEF/TEIC
@ TP30K4/IE_BSc/IED/STEF/TEIC
& TP30K5/IE_BSc/IED/STEF/TEIC
& TP30K6/IE_BSc/IED/STEF/TEIC
& TP30K7/IE_BSc/IED/STEF/TEIC
@ TP40K1/IE_BSc/IED/STEF/TEIC
& TP40K2/IE_BSc/IED/STEF/TEIC
& TP40K3/IE_BSc/IED/STEF/TEIC
@ TP40K4/IE_BSc/IED/STEF/TEIC
& TP40KS5/IE_BSc/IED/STEF/TEIC
& TP40K6/IE_BSc/IED/STEF/TEIC
& TP50D2/1E_BSc/IED/STEF/TEIC
@ TP50D4/1E_BSc/IED/STEF/TEIC
@ TP50D5/1E_BSc/IED/STEF/TEIC
& TP50D6/1E_BSc/IED/STEF/TEIC
& TP50L1/IE_BSc/IED/STEF/TEIC
& TP50L2/IE_BSc/IED/STEF/TEIC
& TP50L3/1E_BSc/IED/STEF/TEIC
& TP50L4/1E_BSc/IED/STEF/TEIC
& TP50L5/IE_BSc/IED/STEF/TEIC

Figure 70: Instances of Course class

& TP50Y1/1E_BSc/IED/STEF/TEIC
& TP50Y2/IE_BSc/IED/STEF/TEIC
& TP50Y3/IE_BSc/IED/STEF/TEIC
@ TP50Y4/IE_BSc/IED/STEF/TEIC
@ TP50Y5/1E_BSc/IED/STEF/TEIC
& TP6OD1/IE_BSc/IED/STEF/TEIC
& TP60D2/IE_BSc/IED/STEF/TEIC
@ TP60D2/IE_BSc/IED/STEF/TEIC
@ TP60DA/TE_BSc/IED/STEF/TEIC
& TP6ODS5/IE_BSc/IED/STEF/TEIC
& TP60L1/IE_BSc/IED/STEF/TEIC
& TP60L2/IE_BSc/IED/STEF/TEIC
& TP60L3/IE_BSc/IED/STEF/TEIC
& TP60LA/IE_BSc/IED/STEF/TEIC
& TP60L5/IE_BSc/IED/STEF/TEIC
& TP60Y1/IE_BSc/IED/STEF/TEIC
@ TP60Y2/IE_BSc/IED/STEF/TEIC
@ TP60Y6/1E_BSc/IED/STEF/TEIC
& TP70D1/1E_BSc/IED/STEF/TEIC
& TP70D2/IE_BSc/IED/STEF/TEIC
& TP70D3/IE_BSc/IED/STEF/TEIC
@ TP70D5/1E_BSc/IED/STEF/TEIC
& TP70L1/IE_BSc/IED/STEF/TEIC
& TP70L2/IE_BSc/IED/STEF/TEIC
& TP70L3/IE_BSc/IED/STEF/TEIC
& TP70L4/1E_BSc/IED/STEF/TEIC
& TP70L5/1E_BSc/IED/STEF/TEIC
& TP70Y1/IE_BSc/IED/STEF/TEIC
@ TP70Y2/IE_BSc/IED/STEF/TEIC
& TP70Y3/IE_BSc/IED/STEF/TEIC
& TP70Y6/IE_BSc/IED/STEF/TEIC

Each Course establishes connections with instances of other classes, as shown in red points

in Figure 71 below: (1) Study program that includes the course, (2) Department that offers
the course, (3) Syllabus of the course, (4) Knowledge Areas (KA) that course covers, and (6)

data properties of the course.

Each Course is connected with its Syllabus which is an instance of class Syllabus by
using the relation hasSyllabus. When a course has multiple Syllabus versions, it is
connected with more than one instances of Syllabus class as shown in points 3 in Figure 72.
Also courses that have prerequisites are connected with other Courses using the relation
hasPrerequisite as shown in Figure 72: line with point 2 shows that course CS335 has the
course CS118 as prerequisite and lines with point 1 show that course CS335 is prerequisite in
courses CS455, CS439, CS435, CS539, and CS436.
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Property assertions: IM209/TM_M5c/IED/STEF/TEIC

Ohbject property assertions

mincludedIn 'Master of Science in Informatics & Multimedia of TEI of Crete’ o

M coversKA CS/IM_Information_Management

(4

M coversKA CS/SW_Software_FEngineering_Software_Systems_and_Applications

m hasSyllabus

. affiliatedWith
mm sffiliatedwith
. sffiliatedWith
. sffiliatedWith
. sffiliatedWith
. affiliatedWith
mm sffiliatedwith

IM209s1/IM_MSc/IED/STEF/TEI e
Starkeiou_Arna

Agrimakis_Samson

Kokkinos_Heraklis

Vassileiou_Tom

Martelis_Stelios

Dallas_Nektarios

Hionis_John

B hasAttender
B hasAttender
B hasAttender
m hasAttender
mm hasAttender
B hasAttender
B hasAttender

Starkeiou_Aria
Agrimakis_Samson
Kokkinos_Heraklis
Vassileiou_Tom
Martelis_Stelios
Dallas_MNektarios

Hionis_lohn

mm offeredBy 'Department of Informatics Engineering |TEI of Crete’ e

Data property assetions

B courseType

'Elective™~ ~xsd:string

B code "IM209/IM_MSc/IED/STEF/TEIC"~"xsd:string

M csName “Information and Communication Technologies (ICT) and Education™~"xsd:string

Figure 71: Properties of Course IM209/IM_MSc/IED/TEIC

* ¢ CS435/C5_BSc/CS

* & CS439/CS_BSC/CS DISSE/UaC
D/SSE/UaC N
S // I'I -
] A -
# Cs455/CS_BSc/CS “ e '
DISSE/UaC \\</ W
/ i / ’,”’%

e S;Habus

* @ CS539CSE MSdC
SD/SSE/UaC

s

* § CS436/CS_BSc/CS
DISSE/UaC

N ! e i
T .-
=
CS8335/CS_BSc/CS
4 DISSE/UaC — =2 _|" ¢ CS118/CS_BSJCS
I D/SSE/UoC

A -

" L

* § C35335_s2015-16/
CS_BSc/CSDISSE/..

* § cs335_s2016-17
CS_BSc/CSDISSEL.

* § Cs335_s2017-18/
CS_BSc/CSDISSEL..

Figure 72: Prerequisites and Syllabi of Course CS335/CS_BSc/CSD/SSE/UoC
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Instances of classes in Event sub-tree
In Event sub-tree, some instances in TeachingEvent and EvaluationEvent Sub-classes

have been created, as shown in Figure 73:

For: TeachingEvent For: EvaluationEvent

& CS5335_52017-18-L02/C5_BSc/CSD/SSE/UoC 4 CS335_s2017-18-FE01/CS_BSc/CSD/SSE/UoC
& CS335_52017-18-L03/C5_BSc/CSD/SSE/UoC 4 CS345_s2017-18-FE01/CS_BSc/CSD/SSE/UoC
& ©S335_s52017-18-L04/CS_BSc/CSD/SSE/UoC

& ©S335_s2017-18-L05/CS_BSc/CSD/SSE/UoC

& CS345 s2017-18-L02/CS_BSc/CSD/SSE/UoC

& PSY1501_s2017-18-L01/PSY_BSc/SoC/Uoc

Figure 73: Instances in TeachingEvent and EvaluationEvent sub-classes
Each instance of TeachingEvent iS connected with instances of classes professor,
Assistant, Topic and LearningOutcome, as shown in red points in Figure 74: (1) Teacher
of Event, (2) Assistant of Event, (3) Topics of Event, (4) Learning Outcomes of Event, (5)
data properties of Event.

Property assertions: C5335-L03/C5_B5¢/CSD/55E/UoC

Cbject property assertions

® hasTeacher Tsiknakis_Manolis o

m hasEventAssistant 'Kondylakis Haridimos’ g

® hasTopic CS/NC/RF/T_Internet_Protocol

m hasTopic CS/NC/RF/T_Scalability_issues p

m expectsLO CS/NC/RF/LO_Describe_the_organization_of_the_network_layer
 expectsLO CS/NC/RF/LO_List_the_scalability_benefits_of_hierarch b
M sffiliatedWith 'Kondylakis Haridimos'

M sffiliatedWith Tsiknakis_Manolis

Data property assertions 9
B duration "PT2H"~"xsd:duration
M label "Lesson 03
CS335 Computer Networks"” ~~xsd:string
B eventDateTime "2017-10-02T12:00:00"~"xsd:dateTime
B eventClassroom "A113"~~xsd:string

Figure 74: Property assertions of TeachingEvent CS335-L03

The class TeachingEvaluationMethod includes 8 instances that correspond to the the
different kinds of teaching methods and learning activities within a course, as shown in

Figure 75.

For: TeachingEvaluationMethod
& Demonstration

& Discussion

& Homework

& Lecture

& OralExam

& Project

& Seminar

& WrittenExam

Figure 75: Instances of class TeachingEvaluationMethod
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Instances of classes Topic and LearningOutcome

These classes include instances of Topics and Learning Outcomes related to Computer

Science and Psychology.

Topic class includes 35 instances (Figure 76) which are establish connections with
instances of classes KnowledgeUnit, Syllabus and TeachingEvent with relationships

listedInKU, coveredInCourse and hasTopic respectively (Figure 77).

For Topic

& Cs/1S/T_GraphPlan

# CS/IS/T_Nonmonotonic_Reasoning

& Cs/1S/T_Ontolegies

& CS/1S/T_Query_Languages

& CS/1S/T_Situation_Calculus

& CS/IS/T_STRIPS_and_partial-order_planning

& CS/NC/LAN/T_Common_approaches_to_multiple_access

& CS/NC/LAN/T_Ethernet

& CS/NC/LAN/T Local Area_Networks

& CS/NC/LAN/T_Multiple_Access_Problem

& CS/NC/LAN/T_Switching

& CS/NC/RF/T_Internet_Protocol

# CS/NC/RF/T_Routing_versus_forwarding

& CS/NC/RF/T_Scalability_issues

& CS/NC/RF/T_Static_routing

& CS/0S/0SP/T_Abstractions, processes, and_resources

& CS5/0S/0SP/T_Concepts_of APIs

& C5/0S/0SP/T_Structuring_methods

& Cs/PL/T_Definition_of_classes:fields,methods,and_constructors
& CS/PL/T_Dynamic_dispatch:Definition_of Method-Call

# CS/PL/T_Object-Oriented_Design, Decomposition_into_objects_carrying_state_and_having_behavior
& CS/PL/T_Object-Oriented_Design,Class-Hierarchy_design_for_modeling
& CS/PL/T_Subclasses,Inheritance,and_Methed_Overriding

& PsY/T_Attitudes:Personal_and_Social_approaches

& PSY/T_Identity theory:A_ multilevel Perspective

& PSY/T_Intergroup_Behaviour

& PsSY/T_Production_of_free,creative_and_inductive_thinking

& PSY/T_Respect_for_difference_and_multiculturalism

& PsSY/T_Search_for,Analysis_and Synthesis_of data_and_information,with_the use of the necessary technology
& PsY/T_Social_Influence:Conformity_and_obedience

& PSY/T_Social_Psychology:A_Historical_Perspective

& PSY/T_Social_Psychology_and_Culture

& PSY/T_Stereotypes_and_Prejudice

& PSY/T_The_Critical_thought_in_Social_Psychology

& PSY/T_The_Self

Figure 76: Instances of Topic class

Figure 77 depicts the property assertions of Topic “Object-Oriented Design, Class
hierarchy design for modeling” which is listed in Knowledge Unit (KU) “OOP Object
Oriented Programming” and being covered in Courses TP10K4, IM201, CS252, TP50L5,
CS150, CS343. These courses are included in different study programs, as their first letters

point out.
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Property assertions: C5/PL/T_Object-Oriented_Design,_Class-hierarchy_design_for_modeling

Object property assertions

m |istedInKlU CS/PL/O0OP_Object-Oriented_Programming
m coveredInCourse TP10K4s1/IE_BSc/IED/STEF/TEIC
m coveredInCourse IM201s1/IM_MSc/IED/STEF/TEI

mm coveredInCourse CS525251/CS_BSc/CSD/SSE/UoC

m coveredInCourse TP50L5s1/IE_BSc/IED/STEF/TEIC
mm coveredInCourse CS150s1/CS_BSc/CSD/SSE/UoC

mm coveredInCourse C£S5342s1/CS_BSc/CSD/SSE/UoC

Data property assertions

M label "Object-Oriented Design, Class-hierarchy design for modeling”~~xsd:string

Figure 77: Property assertions of Topic “Object-Oriented Design, Class hierarchy design for modeling”

LearningOutcome class includes 23 instances (Figure 78) which are establish connections
with instances of classes KnowledgeUnit, Syllabus and TeachingEvent With

relationships 1istedInKU, acquiredInCourse and expectsLO respectively (Figure 79).

For: LearningQutcome

@ CS/NC/LAN/LO_Describe_how_frames_are_forwarded_in_an_Ethernet_network

& CS/NC/LAN/LO_Describe_the_interrelations_between_IP_and_Ethernet

& CS/NC/LAN/LO_Describe_the_steps_used_in_one_common_approach_to_the_multiple_access_problem

& CS/NC/LAN/LO_Identify_the_differences_between_IP_and_Ethernet

& CS/NC/RF/LO_Describe_how_packets_are_forwarded_in_an_IP_networks

& CS/NC/RF/LO_Describe_the_organization_of_the_network_layer

& CS/NC/RF/LO_List_the_scalability_benefits_of_hierarchical_addressing

& CS/0S/0SP/LO_Defend_the_need_for_APIs_and_middleware

& C5/0S/0SP/LO_Describe_how_computing_resources_are_used

® C5/0S/0SP/LO_Explain_the_concept_of_a_logical_layer

& CS/PL/LO_Compare_and_contrast_the_procedural/functional_approach_and_the_object-oriented_approach

@ CS/PL/LO_Correctly_reason_about_control_flow_in_a_program_using_dynamic_dispatch

& CS/PL/LO_Use_subdl ing_to_design_simple_class_hierarchies_that_allow_code_to_be_reused_for_distinct_subclasses

& PSY/LO_Achieved_a_basic_understanding_of_how_progr ._for_the_promotion_of_health_are_implemented

& PSY/LO_Acquire_basic_concepts_and_theories_in_Social_Psychology

& PSY/LO_Be_aware_of_the_applications_and_implications_of_social_psychological_theory_for_the_explanation_of_real_life_phenomena
@& pPSY/LO_cComprehended_the_psychological_factors_involved_in_the_experience_of_illness

& PSY/LO_Demonstrate_a_critical_awareness_of_the_relationship_between_theoretical_perspectives_and_research_methodologies_in_social_psychology
@& PSY/LO_Evaluate_critically_the_major_theoretical_frameworks_in_which_social_psychologists_have_described_and_explained_human_behavior
& PSY/LO_Identify_and_evaluate_key_issues_and_controversies_within_social_psychology

@ PSY/LO_Realized_the_importance_of the_link_between_theory_and_practice

& PSY/LO_Seen_the_importance_of _multidisciplinary_collaboration_in_health_and_health_care_services

@ PSY/LO_Understood_the_interplay_between_biological,_psychological_and_social_determinants_of_health_and_illness

Figure 78: Instances of LearningOutcome class

Figure 79 depicts the property assertions of Learning Outcome “ldentify the differences
between IP and Ethernet” which is listed in Knowledge Unit (KU) “LAN Local Area
Networks” and being covered in Courses IM102, TP40K2, CS435, TP50D2, CS335, which

are included in different study programs.
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Property assertions: C5/NC/LANSLO Identify_the_differences_between IP_and_Ethernet

Ohject property assertions

B scquiredIinCourse IM102s1/IM_MSc/IED/STEF/TEI

M scquiredInCourse TP40K2s1/1IE_BSc/IED/STEF/TEIC

B acquiredInCourse C5435s51/CS BSc/CSD/SSE/UoC

W ocquiredinCourse TPE0D2s51/1IE_BSc/IED/STEF/TEIC

M scquiredInCourse C5335_52017-18/CS_BSc/CSD/SSE/UaC
M istedInklU CS/NC/LAN_Local_Area_MNetworks

Crata property assertions

M label "Identify the differences between IP and Ethernet” ~"xsd:string
M levelofMastery “Familiarity™ ~~xsd:string

Figure 79: Property assertions of Learning Outcome “Identify the differences between IP and Ethernet”

Instances of class Resource

Resource class includes instances that are either used as Learing Material during events or
they are publications of persons included in this ontology. A number of resources are also
both, publications of persons that being used as learning material. The class includes 17
instances (Figure 80) that establish connection with instances of classes person, Syllabus

and Event with the relationships dc:creator, dc:contributor, and hasIm.

For: Resource

& Algorithm Design: Foundations, Analysis, and Internet Examples

& Berners-Lee, Hendler, Lassila (2001) The Semantic Web

& Friedman (2011) The Oxford handbook of Health Psychology

& Hatzivasilis, Papaefstathiou,Manifavas,Papadakis (2014) A Reasoning System for composition verification and security validation
& Hogg, Vaughan (2010) Social Psychology

& Kaloglannakls (2010) Training with ICT for ICT from the trainer’s perspective. A Greek case study

& Kalogi kis,Vassilakis,Alafodi . Papadakis,Papachristos,Zafeiri (2009) Adult Education and Lifelong Learning. The case of GSAE
& Larry Peterson and Bruce Davie (2007) Computer Networks: A Systems Approach, 3rd edition

& Marakakis, Vassilakis {(2005) Expert System for Epilepsy with Uncertainty

& Marakakis, Kondylakis, Papadakls (2012) Knowledge Representation in a proof checker for logic programs

& Papachristou, Kalogi kis, Vassilakis (2010) An Educational Model for Asynchronous E-Learning. A Case Study in a Higher Technology Education
& Papadakis,Kalogi kis (2017) Mobile Educational Applications for Children: what educators and parents need to know
& Papadakis,Kalogi kis, Orf; kis,Zaranis (2014) Novice Progr ing Envir ts

& Papastamou2008EpistimologikoiProvlimatismoi

& sapsford2006TheorySocialPsychology

& Tim Berners-Lee (1998) A roadmap to the S tic Web

& vassilakis,Psarros,Kalogiannakis {2005) Asynchronous Tele-Teaching at TEI of Crete. Primary results of an empirical research

Figure 80: Instances of Resource class
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Figure 81 and Figure 82 depict the property assertions of two resources, with information
such as: (1) label of the resource, (2) creators and contributors, (3) citation of the resource,
(4) title, (5) date that is published, (6) media that is published and other data properties.

Annotations: 'Vassilakis,Psarros, Kalogiannakis (2005) Asynchronous Tele-Teaching at TEI of Crete. Primary results of an empirical research’

Annotations
rdfs:label [language: en]

assilakis,Psarros,Kalogiannakis (2005) Asynchronous Tele-Teaching at TEI of Crete. Primary results of an empirical research o

Property assertions: 'Vassilakis,Psarros, Kalogiannakis (2005) Asynchronous Tele-Teaching at TEI of Crete. Primary results of an empirical research’

Object property assertions
®m dc:creator 'Kalogiannakis Michail” 9
mm dc:creator 'Vassilakis Kostas’

Data property assertions
B dc:type "Proceeedings"~"xsd:string
mm dc:title "Asynchronous Tele-Teaching at TEI of Crete. Primary results of an empirical research”~~xsd:string a

mm resourceCitation "Vassilakis, K., Psarros, M., & Kalogiannakis, M. (2005). Asynchronous tele-teaching at TEI of Crete. Primary results of an empirical e
research. In Proceedings of the 4th international conference on new horizons in industry business and education, NHIBE (pp. 216-221)"~"xsd:string
mu dc:date "2005"~~xsd:date 9

M dc:source "In Proceedings of the 4th international conference on new horizons in industry business and education, NHIBE (pp. 216-22 1)"""xsd:strin@

Figure 81: Property assertions of resource Vassilakis,Psarros,Kalogiannakis (2005)

Annotations: 'Hatzivasilis, Papaefstathiou, Manifavas,Papadakis (2014) A Reasoning Systern for composition verification and security validation'

Annotations
rdfs:label [language: en]

Hatzivasilis,Papaefstathiou,Manifavas,Papadakis (2014) & Reasoning System for composition verification and security validation o

Property assertions: 'Hatzivasilis, Papaefstathiou,Manifavas, Papadakis (2014) A Reasoninc

System for composition verification and security validation'
Object propery assertions

mmdc:creator Manifavas_Harry

M dc:creator 'Papadakis Nikos’

Data property assetions

mudc:date "2014"~~xsd:date e

mEdc:title "A R ing System for composition verification and security validation” ~~xsd:string e
mudc:source "6th International Conference on New Technologies, Mobility and Security {(NTMS), 2014 (pp. 1-4). IEEE"~"xsd:string @
B resourceCitation "Hatzivasilis, G., Papaefstathiou, 1., Manifavas, C., & Papadakis, N. (2014, March). A r i stem for composition verification and

security validation. In New Technologies, Mobility and Security (NTMS), 2014 6th International Conference on {pp. 1-4). IEEE."~"xsd:string
mmdc:publisher "IEEE™~"xsd:string

M dc:subject "Reasoning”~"xsd:string
M dc:type "Conference"~~xsd:string

Figure 82: Property assertions of resource Hatzivasilis,Papaefstathiou,Manifavas,Papadakis (2014)
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CHAPTER 4. RESULTS

After the building process has completed, the developed ontology comprises of 41 concepts
in a taxonomy, 54 objects properties for establishing relationships and 76 data properties for
describing concepts characteristics. In this chapter, the rest steps in ontology development

process are analyzed, i.e. Evaluation and Documentation.

4.1. EVALUATION

During the construction process and between the phases, evaluation and refinement was
performed. We followed internal technical evaluation approach where after the end of each
phase, evaluation of definitions was performed by author and domain experts. The evaluation
points included check of the ontology structure, the syntax of definitions and the content in
the definitions [99]. Special attention was paid to the evaluation of three Cs: consistency,
completeness and conciseness. Consequently, the refinement of the ontology based on the
comments of domain experts. After the construction process has completed, the final

evaluation of the developed ontology has taken place.

The final technical evaluation included, except manual examination, software tools that
offer automate test against the most common errors and pitfalls in ontology development. It
must be noted that, during ontology building we used the HermiT reasoner that comes with
Protégé 5 [24]. When activating the reasoner, the ontology is tested for consistency,
subsuption and satisfiability. An example is illustrated in Figure 83 which is the explanation
message for an inconsistency error that the reasoner returns when a student is enrolled in a
Bachelor (point 1) and a Master program (point 2) which is not accepted, based on some

restrictions we have made (point 3).

Explanation 1 Display laconic explanation

Explanation for: owl:Thing SubClassOf owl:Nothing
UndergraduateStudent EquivalentTo Student and (enrolledIn some Bachelor)
Vassileiou_Marcela enrolledIn 'Master of Science in Informatics & Multimedia of TEI of Crete’ o
Vassileiou_Marcela Type Student
Vassileiou_Marcela enrolledIn 'Bachelor of Science in Informatics Engineering of TEI of Crete' 9
'Master of Science in Informatics & Multimedia of TEI of Crete’ Type Master
'Bachelor of Science in Informatics Engineering of TEI of Crete' Type Bachelor
UndergraduateStudent SubClassOf (not {(enrolledIn some Doctorate) or (enrolledIn some Master))) and (enrolledIn exactly 1 Bachelor) 9

Figure 83: HermiT's explanation message for an inconsistency error
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Secondly, we used OOPS! (OntOlogy Pitfalls Scanner!)*, an automated tool that helps
authors to detect common pitfalls in ontology development [100]. OOPS! is a web-based tool
that scans ontology for potential pitfalls** that could lead to modeling errors. The choice
(given as bullet) “Category for Evaluation” provides groups of pitfalls classified in
dimensions and evaluating criteria (Figure 84).

8  OntOlogy Pitfall Scanner!

0O0OPS! (OntOlogy Pitfall Scanner!) helps you to detect some of the most common pitfalls appearing when developing entologies.
To try it, enter a URI or paste an OWL document into the text field above. A list of pitfalls and the elements of your ontology where they appear will be displayed.

Scanner by URI: http://xworks.gr/ontologies/ccso.owl

Example: http://data.semanticweb.org/ns/swc/swc_2009-05-09.rdf

Scanner by direct input: Scanner by RDF

[C1 Uncheck this checkbax if vou don't want us to keep a copy of your ontology. Go to simple evaluation
@ select Fitfalls for Evaluation @ select Category for Evaluation
Classification by Dimension Classification by Evaluation Criteria
©) Structural Dimension ) Consistency
© Modelling Decisions: Checks for pitfalls P02, P03, PO7, P21, P24, P25, For this evaluation criteria the following pitfalls will be checked: POS, P06,
P26 and P33. P07, P19 and P24.
© wrong Inference: Checks for pitfalls POS, P08, P18, P27, P28, P29 and
P31 ) Completeness

© No Inference: Checks for pitfalls P11, P12, P13 and P30.

) Ontology language: Checks for pitfalls P34, F35 and F36. For this evaluation criteria the following pitfalls will be checked: P04, P10,

P11, P12 and P13.

©) Functional Dimension
) Consciseness
©) Real World Modelling or Common Sense: Checks for pitfall P04 and
P10, For this evaluation criteria the following pitfalls will be checked: P02, P03
©) Requirements Completeness: Checks for pitfall P04 and P09, and P21.

) Application context: Checks for pitfalls P36, P37, P38, P39 and P40,
) Usability-Profiling Dimension

© Ontology Clarity: Checks for pitfalls P08 and P22.

© Ontology Understanding: Checks for pitfalls P02, P07, P08, P11, P12,
P13, P20, P32 and P37

© Ontology Metadata: Checks for pitfalls P38 and P41

Figure 84: Pitfalls classification in OOPS

This feature is used to test the structural, functional, and usability-profiling dimensions of
our ontology as well as to evaluate its consistency, completeness and conciseness. The results
were very good while only some minor pitfalls have been noticed due to its unofficial release

and support, as shown in Figure 85.

3 OOPS! (OntOlogy Pitfalls Scanner!) : http://oops.linkeddata.es
** OOPS! catalogue of common pitfalls: http://oops.linkeddata.es/catalogue.jsp
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8/ OntOlogy Pitfall Scanner!

00PS! (OntOlogy Pitfall Scanner!) helps you to detect sume of the most common pitfalls appearing when developing ontologies.

To try it, enter @ URI or paste an OWL document into the text field above. A list of pitfalls and the elements of your ontology where they appear

will be displayed.

Scanner by URIL: http://xworks.gr/ontologies/ccso.owl

Example: http://data.semanticweb.ora/ns/swa/swe_2009-05-09.rdf

Scanner by direct input: Scanner by RDF|

[T Uncheck this checkbox if you don't want us to keep a copy of your ontology.

© select Pitfalls for Evaluation @ select Category for Evaluation

Efva luation resul’@v
ggiratulations! ,/

Your o;tE/?gy does nﬁ?o_ngin any bad practice detectable by QOPS! from the ones you have chosen.

Go to simple evaluation

Figure 85: Evaluation results when testing the consistency, completeness and conciseness of CCSO with OOPS

After technical validation has completed, the ontology evaluated against the set of

competency questions that have been made in the beginning of the development. The

corresponding SPARQL queries, based on the competency questions, are executed and

examined the relevance and correctness of answers given by ontology. Two different

environments have been used for executing the queries: the Snap SPARQL Query tab in

Protégé (Figure 86) and the Virtuoso SPAQL endpoint (Figure 87) where the ontology has

been uploaded. In Figure 86 the environment of Snap SPARQL Query tab (point 1) in

Protégé is depicted, with a sample SPARQL query (point 3) and its results (point 4). It must

be noted, that we used the Snap SPARQL Query tab that works with the reasoner and returns

inferred results, rather than SPAQL Query tab (point 2, Figure 86) which does not.
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@ ccso (hitp://xworks.gr/ontologies/ccso) ~|| Search...

Annotation Properties x| Property matrix x| Individuals by class = | Individuals matrix x| OWLViz x| DL Query x| OntoGraf = | SPARQL Query x
Active Ontology 1| Entities x | Classes b ‘ Object Properties x | Data Properties 1| Class matrix x

Snap SPARQL Query:

F UL LA TUS, e UL ] W W WL W LU L 20U UL O SLS i a e
PREFI¥ xsd: <http://www.w3.0rg/2001/¥MLSchema>
PREFIX foaf: <http://xmins.com/foaf/0.1/>

PREFIx schema: <http://schema.org/=

PREFIX dc: <http://purl.org/dc/elements/1.1/> 9
PREFIX ccso: <http://xworks.grfontologies/ccso =

SELECT ?x (STR(?lab) AS ?label) WHERE {
?x rdf;type owl:Class .
OPTIONAL {?x rdfs:label ?lab}

ORDER BY ?label -
Execute
7K Zlabel
<http:/Heworks.gr/ontologies/ccsoUniversity> Aviotoro EkmonSeutiks Tpupa (AEL) -
<http:/fworks.gr/ontologies/ccsoUniversity > Aviotoro Teyvohoywd Exmadzuties T8pupe (A T.EL) El
<http:/works.gr/ontologies/ccso#Assistant> 9 BonBog
<http:/frworks.gr/ontologies/ccso#Doctorate LuSOKTOPIKG
<http:/feworks.gr/ontologies/ccse®Doctorate LafokTopkd Akednpaikd A po
<http:/sworks.gr/ontologies/ccso# TeachingEvent> LuSookehio
<http:/works.gr/ontologies/ccse#AdministrativeStaff> LuownTike Mpoowmke -
62 results

SPARQL query: (115w ]

PREFIX rdf: <http://www.w3.0rg/1993/02/22-rdf-syntax-ns#>
PREFIX owl: <https//www.w3.0rg/2002/07/ owlF:>
PREFIX rdfs: <http://www.w3,0rg/2000/01/rdf-schema#s
PREFIX xsd: <http:/fwww.w3.org/2001/XMLSchema®>
SELECT ?subject Tobject

WHERE { Tsubject rdfs:subClassOf ?object }

Execute

Reasoner active |w Show Inferences

Figure 86: Environment of Snap SPARQL Query tab in Protégé

In Figure 87 the environment of Virtuoso SPAQL endpoint is depicted: (1) URL address of
CCSO Virtuoso SPARQL Endpoint, (2) Graph IRI of CCSO, (3) sample SPARQL query, (4)

results of the query in HTML format which is depicted in another tab of browser.

The URL for Virtuoso SPAQL endpoint is http://83.212.124.52:8890/spargl and the Graph
IRI for CCSO: http://localhost:8890/CCSO
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http://83.212.124.52:8890/sparql
http://localhost:8890/CCSO

| Virvoso 9ARQL Quer Eator _\h w63 org 20031 surlariable

<> ¢ @ ® & §2.212.12452:3890/sparq () B - @ | Q search Ihrtp-t/schema org EducationalOrzanization
‘ http://schema org/Organization 6
‘ http://xworks gr/ontologies/ccso#Institute

About | Namespace Prefixes | Inference rules
‘ ttp//xmlins com/foaf/0.1/Person

Default Data Set Name (Graph IRI)

http:/flocalhost:8890/CCS0 e ‘ http://xworks. griontologies/ccso#AcademicStaff
T——— /

Query Text ‘hl;tp //xworks priontologies/ccso#Emplovee

selsct distinct 2Concept whers {[] a PConcept} LIMIT 100 e ‘hﬁ_.pif/xworks,gg’mmlogms/ccso#l’mfessor

‘hl;tp:ffxwoﬂ\'s.gp‘ ontologies/ccso#Resource
‘hﬁ_.p:ffxworks,gg’mmlogms/::-:so#FiEldufStudy
‘h@p:;’;’m’orln’s. griontologies/ccso¥KnowledgeBody
‘hl;tp:ffxwoﬂ\'s.gp‘ ontologies/ccso#Discipline
‘hﬁ_.p:f/xm]ns,cam,’foaﬂ(),lf’Agenl

‘hl;tp:ffxwoﬂ\'s.gp‘ ontologies/ccso#Postgraduate Student
‘hl;tg:ffxwoﬂ\'s.gl_ﬁ‘ ontologies/ccso#Student
‘hﬁ_.p:f/xworks,gg’mmlogms/ccsu#Bﬂchelur
‘hl;tp:ffxwoﬂ\'s.gp‘ ontologies/ccso#ProgramofStudy
‘hﬁ_.p:f/xworks, pr/ontologies/ceso#Underpraduate Student
‘hﬁ_.p:ffxworks,gg’mmlogmsfccso#Krm'ledgaAn:a
‘hl;tp:ffxwoﬂ\'s.gp‘ ontologies/ccso#Topic

(Security restrictions of this server do not allow you to retrieve remate RDF data, see details ) ‘MEMMEM

Results Format: HTML - ‘h@p:x’;’m’or]n’s.gp’mwlogms/::cso#LeammgOutcume

Execution timeout: 0 milliseconds (values less than 1000 are ignored) ‘hl;tp:ffxwoﬂ\'s.g;g‘mwlogmsf:cso#Course

Options: Strict checking of void variables  [] Log debug info at the end of output (has no effect on some queries and output formats) ‘ht;tp:ffxworks,gg’mmlogms/ccso#Evem

(The result can only be sent back to browser, not saved on the server, see details) ‘hl;tp:ffxwoﬂ\'s.g;g‘onmlogmsf:cso#Teachngvaut

‘hl;tg:/fxworks,g;l_';‘mmlogmsf:cso#Dggamnem
e ‘hﬁ_.p:f/xworks,gg’mmlogms/ccso#Cenifmale

Copyright ® 2018 OpenLink Software ‘h -//xworks.gr/iontologies/ccso#TeachingEvaluationMethod
Virtuoso version 07.20.3217 on Linux (x88_64-pe-inux-gnu), Single Server Edition

P T AUVEE T AT DU

Figure 87: Environment of Virtuoso SPARQL Endpoint

Querying ontology with Competency Questions
Some extra competency questions have been added in the list of questions that had been
defined in the beginning of the ontology building, in order the ontology to be tested against a

wide variety of scenarios.

The complete list of Competency Questions is following, classified in four sub-sets
according the related class or the purpose, and afterwards the testing process is illustrated.
The SPARQL Queries that built from the questions, the execution of the Queries and

examination of the answers are fully reported.
Questions related to Educational Organization

Which study programs does a Department provide?
Which Courses does a Department offer?
Who are the alumni of a Department?

Who are the employees of a Department?

o ~ w0 D

Who are members of the Academic Staff of a Department?
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Questions related to Person

6
7
8.
9

10.
11.
12.

Which degrees does a Person have?

Which Courses does a Professor teach?
Which Courses does a Professor supervise on?
Which Courses does an Assistant assist in?
Which Publications has a Person authored?
Which Courses does a Student attend?

Which Courses has a Student successfully completed?

Questions related to Course and Syllabus

13.
14,
15.
16.
17.

Who are the Instructors of a Course?

Who are the Assistants of a Course?

Who are the Students that attend a Course?
Which are the Syllabi of a Course?

Which are the Topics and Learning Outcomes of a Course?

Questions related to study planning

18.
19.
20.
21.
22.
23.
24,
25.
26.
27.

Which Courses are included in a study program?

Which are the core Courses in a study program?

Which are the prerequisites of a Course?

Which Courses have prerequisites (and what are they) in a study program?
Which Courses cover a Knowledge Area?

Which Courses cover a Topic?

Which Courses aim to a Learning Outcome?

How many credits has a Student got so far?

Can a Student enroll in a Course?

Can a Person register in a study program for a degree?

The structure of a typical SPAQL Query is depicted in Table 7 where:

e Prefix declarations, used for abbreviating URIs

e Dataset definition, states what RDF graph is being queried

e SELECT result clause, defines what information to return from the query
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e Query pattern, specifies what to query for in the underlying dataset
e Optional part tries to match a graph pattern, but doesn't fail the whole query if the
optional match fails

e Query modifiers, are slicing, ordering, or rearranging query results

PREFIX eg: <http://example.com/resources/> #prefix declarations

FROM ... # dataset definition

SELECT ... # result clause
WHERE {
OPTIONAL { ... }
}
ORDER BY ... # query modifiers

Table 7: The structure of a typical SPAQL Query

In the beginning of each SPAQL Query, the following prefixes have been added for

abbreviating URIs and namespaces in order to deal with them more elegantly:

PREFIX owl: <http://www.w3.o0rg/2002/07/owl#>

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX xsd: <http://www.w3.org/2001/XMLSchema#>

PREFIX foaf: <http://xmlns.com/foaf/0.1/>

PREFIX schema: <http://schema.org/>

PREFIX dc: <http://purl.org/dc/elements/1.1/>

PREFIX ccso: <http://xworks.gr/ontologies/ccso#>

Moreover, the following list of abbreviations has been used, corresponding to the most

common entities that are involved in queries:

PS is abbreviation for Person

Std is abbreviation for Student

PF is abbreviation for Professor

CA is abbreviation for Course Assistant
PS is abbreviation for ProgramofStudy
cs is abbreviation for Course

SL is abbreviation for Syllabus

Dpt Is abbreviation for Department
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Questions related to Educational Organization

1. Which study programs does a Department provide?

SELECT ?label °?PS
WHERE { ?DPT schema:identifier ?id
A ?DPT ccso:providesProgram ?PS
OPTIONAL { ?PS rdfs:label ?label }
FILTER regex(str(?id), "IED/STEF/TEIC") }

SELECT Zlabel ?PS
WHERE { ?DPT schema:identifier 7id .
?DPT coso:providesProgram ?PS .
OPTIONAL { ?PS rdfs:label 2label } .
FILTER regex(str(?id), "IED/STEF/TEIC") }

Zlabel 2Ps
Bachelor of Science in Informatics Engineering of TEI of Crete@en <http:/xworks.gr/ontologies/ccso#B5c_Informatics_Engineering/1E_BSc/TED/STEF/TEIC>
Master of Science in Informatics & Multimedia of TEl of Crete@en <http://xworks.gr/ontelogies/ccsoFMSc_Informatics_8_Multimedia/IM_MSc/IED/STEF/TEIC=

Comment: Ontology returns the labels and IRIs of the 2 study programs provided by Department
with id TED/STEF/TEIC. The individuals are from different classes (i.e. Bachelor, Master).

SELECT ?label ?PS

WHERE { ?DPT schema:identifier ?id .
(3)] ?DPT ccso:providesProgram ?PS

OPTIONAL { ?PS rdfs:label ?label }

FILTER regex(str(?id), "CSD/SSE/UoC") }

label Ps

"Bachelor of Science in Computer Science of University of Crete"@en b

“xworks griontologies/ccso#BSc Computer Science/CS BSc/CSD/SSEUoC

"Master of Scisnce in Computer Science and Engineering of University of Crete"@en

http-//xworks.gr/ontol /i #MSc Computer Science and Engineenng/CSE MSc/CSD/SSE/UoC

"PnD in Computer Science and Engineering of University of Crete"@en

http-//xworks gr/ontologies/ccso#PhD Computer Science and Engineering/CSE PhD/CSD/SSE/UoC

Comment: In this query, Ontology returns the labels and IRIs of the 3 study programs provided
by Department with id CSD/SSE/UoC. The individuals are from different classes (i.e. Bachelor,
Master, Doctorate).

2. Which Courses does a Department offer?

SELECT ?CSname °?CS
WHERE { ?DPT schema:identifier ?id
A ?DPT ccso:offersCourse ?CS
( ) OPTIONAL { ?CS ccso:csName ?CSname }
FILTER regex(str(?id), "CSD/SSE/UoC") }
ORDER BY ?CS

SELECT ?CSname ?CS
WHERE { ?DPT schema:identifier 2id .
?DPT ccso:offersCourse 2CS .
QOPTIONAL { ?CS ccso:csMame ?CSname .
FILTER regex(str(?id), "CSD/SSE/UaC") }
ORDER BY 2CS

. ?{%‘Sname . . . gCS
Algorithms in Bioinformatics” *xsd:string <http://xworks.gr/ontologies/ccso#C5482/CS_BSc/CSD/55E/ U
Principles of Distributed Computing® *xsd:string <http://xwarks.gr/ontologies/ccso#C5486/C5_B5c/C5D/55E/ UaC
Bachelor's Thesis ™ “xsd:string <http:/xworks.gr/ontologies/ccso#C5499/CS_BSc/CSD/55E/ U
Advanced Topics on Wireless Networks and Mobile SystemsCourse in Computer Science an...  <http://xworks.gr/ontologies/ccso#C5538/CSE_MSc/CSD/SSE/UoC>
Advanced Topics in Programming Languages Development* *xsd:string <http://xwarks.gr/ontologies/ccso#C5540/CSE_MSc/CSD/55E/ Ul
Advanced Topics in Computational Vision® “xsd:string <http://xworks.gr/ontologies/ccso#C5672/CSE_PhD/CSD/S5E/ UoCs

63 results

Semantic Modeling of Educational Curriculum & Syllabus 170



Comment: Ontology responds that 63 courses are provided by department with id
CSD/SSE/UoC. The answer includes course’s name (CSname) and course’s IRI (CS).

SELECT ?CSname ?CS ?PSlabel
WHERE { ?DPT schema:identifier ?id
?DPT ccso:offersCourse ?CS
OPTIONAL { ?CS ccso:csName ?CSname }
(3)] ?CS ccso:includedIn ?PS
?DPT ccso:providesProgram ?PS
OPTIONAL { ?PS rdfs:label ?PSlabel }
FILTER regex(str(?id), "IED/STEF/TEIC") }
ORDER BY ?CS

s PSlabel
#scring> lhetp://xworks gr/ontologies/ccsoIM101/IM MSc
VIED'STEF/TEIC
Ihttp-/xworks gr/ontologies/cesodIM102TM _MSc
IED/STEF/TEIC
lhttp-/xworks gr/ontologies/ccsoIM103TM MSc
IED'STEF/TEIC

hatp://xworks gr/ontologies/ccsosIM104/IM MSe
TED/'STEF/TEIC

Comment: Ontology responds that 84 courses are provided by department with id
IED/STEF/TEIC. This time we changed a little the query and the answer includes the course’s

name (CSname) , course’s IRI (CS) and the study program (PSlabel) this course includes.

CSname

sntologies/ccsodIM105/TM MSc “Msster of Scimnce in Informasics § Multimedss of TED of Craceten

entepe/ /wmne ot org/ 2001 /XML Schanad st rings

3. Who are the alumni of a Department?

SELECT ?PR ?surname ?name ?email
WHERE { ?PR rdf:type foaf:Person
OPTIONAL { ?PR foaf:firstName ?name }
OPTIONAL { ?PR foaf:lastName ?surname }.
G» OPTIONAL { ?PR schema:email ?email }
?PR ccso:alumnusOf ?DPT
?DPT schema:identifier ?id
FILTER regex(str(?id), "IED/STEF/TEIC") }
ORDER BY ?surname

SELECT ?PR ?surname ?name ?email
WHERE { ?PR rdf:type foaf:Person .
OPTIONAL { ?PR foaf:firstName ?name } .
OPTIONAL { ?PR foaf:lastName ?surname }.
OPTIONAL { ?PR schema:email zemail } .
?PR ccso:alumnusOf ?DPT .
2DPT schema:identifier 2id .|
FILTER regex(str(?id), "IED/STEF/TEIC") }
ORDER BY ?surname

?PR ?surname ?name 2email
<http:/aworks.gr/ontologies/ccso#Agrimakis_Samson> Agrimakis™ “xsd:string Samson ™ “xscstring
<httpi//xworks.gr/ontolagies/ccso#Kokkinos Heraklis> Kokkinos* “xsd:string Heraklis *xsd:string Kokkinas_Heraklis@ie.teicrete.gr' *xsd:anyUR]
<httpi/ rworks.gr/ontolagies/ceso#Koraros_Georges Kornaros* ~xsd:string George" *xsd:string komaros@ie.teicrete.gr* xscianyUR]
<http:/fxworks.gr/entologies/ccso*Martelis_Stelios Martelis” *xsdsstring Stelios" *xsd:string Martelis_Stelios@ie teicrete.gr* *xsd:anyURI
<http:/ fworks.gr/ontologies/ ccso®Raderis_lim> Raderis” “xsd:string Jim* *xsdhstring Raderis_lim@ie.teicrete.gr* *xsc:anyUR
<http://xworks.gr/ontologies/ccso#5andi_Elina> Sandi” “xsd:string Elina™ *xschstring Sandi_Elina@ie.teicrete.gr™ “xschanyURI
<http:/aworks.gr/ontologies/cesoStarkeiou_Alexandros> Starkeiou” "xsd:string Alexandros* “sel:string Starkeiou_Alexandros@ie.teicrete.gr™ “xsd:anyURT
<httpi//xworks.gr/ontologies/ ccso¥Starkeiou_Aria> Starkeiou” Mxsdistring Aria* Axsdistring Starkeiou_Aria@edu.teicrete.gr “xsd:anyURT
<httpi/ rworks.gr/ontologies/cesoVassileiou_Toms Vassileiou” *xsdistring Tom* *xsd:string Vassileiou_ Tom@ie.teicrete.gr” *xsd:anyURI

9 results

Comment: There are 9 persons who are alumni of department with id TED/STEF/TEIC. The
answer includes the elements alumnus’ IRI, surname, name and email.

SELECT ?PR ?surname ?name ?email
WHERE { ?PR rdf:type foaf:Person
?PR foaf:firstName ?name
(B) ?PR foaf:lastName ?surname
OPTIONAL { ?PR schema:email ?email }
?PR ccso:alumnusOf ?DPT
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?DPT schema:identifier ?2id .

FILTER regex(str(?2id),

ORDER BY

?surname

"CSD/SSE/UoC") }

I PR

surname

name

email

|http://xworks gr/ontologies/cc: allas_Nektarios

[http: ssworks ev/ontologies ceso Akoumianakis_Demosthenes|[“akoumianaki

\ttpi/ /wvn. w3 ,0rg/ 2001 /XLSchemars tring> |["Demosthenes”

<https//wmi. w3, org/ 2001/ XLSchema# string>

“akounianakis@ie. teicrete. g

"7t / /v 3. 0rg/ 2001/ XILS chena¥anyURI >

"Dallas”~"<http://wi.w3.0rg/2081/XILSchema#s tringy

["Nektarios ™~ <http: //wm.w3. 0rg/2001/ XL Schema#string>

"Dallas_Nektariosgcsd. uoc. g

~<chittp: / /v w3 .0rg/ 2001/ XHLS chena¥anyURT >

|http://xworks or/ontologies/ce: onis_John

"Hionis"~n<http://wi.w3.org/2001/XLSchemass tring>

[ John"A2<http :/ /w3 .or g/ 2001/ XMLSchena#string>

“Hionis_lohn@ie . teicrate.gr " <http://u. 3. org/2001/XALSchemasanyURT>

|http://xworks gr/ontologies/cc: omaros_George

http://xworks gr/ontologies/ccso#Kalogiannakis_Michail "Kalogiannaki
|http://xworks.gr/ontologies/ccso#Kondylakis_Haridimos "Kondylaki:

"Kornaros”~<http: //ww.u3.0rg/ 2081/ XML Schema#string> "George”

A7<https/ /v w3 org/ 2601/XHLS chema# string>|["Michai "*<http:/ /w .u3 .org/ 2001/ X LS chena#string>

"kalogiannakis@ic. teicrete.gr" " <http: //ww.u3. org/ 2001/ XML Schema#anyURT>

http://wm.w3.org/2001 /XN S chematistring>  ||"Haridimos"

<htttp: //wu. w3 .0rg/2001 /XL Schemas#string>

“kondylakgics. forth.gr"

<hittp:/ /vany.u3 .org/ 2001 /XL chema#any URT >

<http:/ /v w3, org/2001/ XML Schema#string>

“kornaros@ie. teicrete. gr~<http://wnw. w3 .0rg/2001/XMLSChemasanyURT>

|http://xworks or/ontologies/ce: onis_Joshua

"Lionis"~"<http://win.w3.0rg/2001/XLSchemads tring> " Joshua”

<http:/ /v, 3. org/2001/XMLSChemastring>

Lionis_loshua@csd. uoc. g™ <http:/ /. w3 .org/ 2001/ XMLS chena¥anyURT>

hi xworks gr/ontologies/ccso#Papadakis_Nikos

"papadakisnfic. teicrete.gr" A <http: //um.w3. org/2001/ XML Schema#anyURT>

|t xworks gr/ontologies/ccso#Starkeiou_Michael

|t xworks gr/ontologies/ccso# Triantafillou_lrene

"Papadakis™ A<http://wom.u3 .org/2001/ X Schenatistring>  ||"Nikolaos"**<http: //wmai.u3.org/2001/XHLSchematistr ing>
Starkedou™~A<http://wow. w3 .org/2001 /XN Schematistrings  ||"Michae1"**<http://w.u3 .org/2001/XLSchena#string> Starkeiou_Michacl@csd. uoc.gr"~*<http: //ww.u3. org/ 2001/ XML Schema#anyUR >
"Triantafillou”"~<http://wni.w3.0rg/2601/XNLS chemat string>|[" Irene” ~<http: //wiw.w3 . 0rg/2001 /XL chemas stringy "Triantafillou_Irenegcsd.uoc. g™ ~"<https/ /v .w3.org/ 2001/XHLS chemagany URT Y

|t xworks gr/ontologies/ccso Tsiknakis_Manolis

" Tsiknakis™ " <http://ww.u3.0rg/2001/XNLSchenatstrings ||"Manoli

~<http:/ /v .3 .0rg/ 2081/ XL Schemasstring>

“tsiknakis@ie. teicrete. gr” "<http://w.w3.org/ 2001/ XNLS chenazanyURT>

xworks gr/ontologies/ccso# Vassilakis_Kostas

"Vassilakis"A<http:/ /wm.w3.org/ 2001 /XN S chematstring> ||"Konstanti

*<http: / /w3 .org/ 2601/ XMLSchema#string>,

"kostasfics. teicrete. gr" " <http:/ /v .u3.org/ 2081 /XHLS chemattany URT>

|t xworks gr/ontologies/ccso# Vassilakis_Vassilis

"Vassilakis"r"<http://wm.w3.org/2001/XH S chematstring> ||"Vassilis"~*<http://wmm.u3.org/2001 /XL schematistr ing>

"Vassilakis_Vassilisfcsd.uoc. gr"~"<http://mm.w3.org/2001/XHLS chematrany URT >

Comment: Results show that the department with id CSD/SSE/UoC has 13 alumni. The answer
includes the elements alumnus’ IRI, surname, name and email.

4. Who are the employees of a Department?

SELECT ?PR ?surname ?name ?email
WHERE { ?PR rdf:type ccso:Employee .
OPTIONAL { ?PR foaf:firstName ?name } .
OPTIONAL { ?PR foaf:lastName ?surname }.
Q» OPTIONAL { ?PR schema:email ?email } .
?DPT ccso:hasEmployee ?PR .
?DPT schema:identifier ?id .

FILTER regex (str(?id),
ORDER BY ?surname

SELECT ?PR ?surname ?name ?email
WHERE { ?PR rdf:type ccso:Employee .
OPTIONAL { ?PR foaf:firstName ?name } .
OPTIONAL { ?PR foaf:lastName ?surname }.
OPTIONAL { ?PR schema:email 2email } .
?DPT ccso:hasEmployee ?PR .
ridentifier 7id .
tr(?id), "IED/STEF/TEIC") }

ORDER BY ?surname

?PR
<http:/ sworks.gr/ontelogies/ccso#Aivalis_Costas>
<http:/faworks.gr/ontologies/ccso#Akoumianakis Demosthenes>
<http://xworks.gr/ontalogies/ceso#Fragopoulou_Paraskevi>
< http://xoworks.gr/ontelegies/ccso#Grammatikakis_Miltiadis>
<http:/ sworks.gr/ontelegies/ccso#Kalogiannakis_Michail>

<http:/fxworks.gr/ontelogies/ccso#Karagiannakis_Dimitrios>

Hivalis* Axsd:string
Akoumianakis® *xsd:string
Fragopoulou” *xsd:string
Grammatikakis* “xsd:string
Kalogiannakis® *xsd:string

Karagiannakis* *xsd:string

"IED/STEF/TEIC") }

Zsurname Zname

Costas™ Axsd:string
Demosthenes *xsdistring
Paraskevi® “xsd:string
Miltiadis* “xsd:string
Michail * *xsd:string

Dimitrios” *xsd:string

Zemail
aivalis@ie.teicrete.gr* *xsdhanyUR]
akoumianakis@ie teicrete.gr “xsd:anyURI
fragopoulou@ie.teicrete.gr" *xsd:anyURT
grammatikakis@ieteicrete.gr™ “xsd:anyUR]
kalogiannakis @ie.teicrete.gr* “xsd:anyURI
karagiannakis @ie.teicrete.gr* xsd:anyURT

< mtp:/fanrks.gr/nnm\ngie;/mnikan;,Evangemp

<httpi//xworks.gr/ontalagies/ccsoKondylakis Haridimos>

Katis* *xsd:string
Kondylakis* *xsd:string

Evangelos* *xsdianyUR

Haridimos " *xsdistring

evskg@mail.gr* *xsd:anyURT
kondylak@icsforth.gr* “xsd:anyURD

<httpi//xworks.gr/ontalagies/ccso#Komnaras_George>

26 results

Komnaros "xsdistring

George” “xsdistring

komnaros@ie teicrete.gr* “xsdianyURI

Comment: Results show that the department IED/STEF/TEIC has 26 employees. We notice that
employees Katis Evangelos and Kondylakis Haridimos (Point 1) are included since

they are Course Assistants.

SELECT ?PR ?surname ?name ?email
WHERE { ?PR rdf:type ccso:Employee .
OPTIONAL { ?PR foaf:firstName ?name } .
OPTIONAL { ?PR foaf:lastName ?surname }.
(B) OPTIONAL { ?PR schema:email ?email } .

?DPT
?DPT

FILTER regex(str(?2id),

ORDER BY

ccso:hasEmployee ?PR
schema:identifier ?id

?surname

"CSD/SSE/UoC") }
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cesofKalogiannakis_Michail

"Kalogiannakis"*"<http://www.w3.org/2001/XMLSchema#string>

"Michail""*<http://www.w3.org/2081/XMLSchema#string>

“kalogiannakis@is.teicrete. gr""r‘<

ccsofKatevenis_Manolis

"Katevenis" " *<http://www.w3.org/2881/XML5chema#string>

"Manolis"**<http://www.w3.org/2081/XMLSchema#string>

"kateveni@csd.uoc.gr™ M <http:/ S

ccsofK ondylakis_Haridimos

"Kondylakis"~*<http://www.w3.0rg/2001/XMLSchema#string>

"Haridimos"**<http://wwi.w3.org/2001/XMLSchema#string>

“kondylak@ics.forth. gr"”imttp:ff

so#Markatos_Evangelos

"Markatos"*"<http://www.w3.0rg/2001/XMLSchema#string>

"Evangelos"**<http://wwi.w3.org/2001/XMLSchema#string>

ouxtaris_Athanasios

"Mouxtaris” tchttp://www. w3, org/20@1/XMLSchema#string>

"Athanasios” *<http://wivi.w3.org/2001/XMLSchema#string>

“mouchtan@csd.uoc. gr  <http:/ fuw

ccsoFPapadopouli_Maria

"Papadopouli” *<http://waw.w3.0rg/2001/XMLSchematstring>

"Maria"Atchttp:/ /v .w3.org/ 2801/ XMLSchema#string>

“mpapficsd. uac .gr~~<http: / /w3

Comment: Results show that the department CSD/SSE/UoC has 18 employees.
employees Kalogiannakis Michail and Kondylakis Haridimos (red rectangles) are
listed again which means that they are employed in this university too (as they are in

IED/STEF/TEIC in Query 4A).

We notice that

5. Who are the members of the Academic Staff of a Department?

SELECT ?PR ?surname ?name ?email

WHERE { ?PR

rdf:type ccso:AcademicStaff .

OPTIONAL { ?PR foaf:firstName ?name } .
OPTIONAL { ?PR foaf:lastName ?surname } .
Q» OPTIONAL { ?PR schema:email 2email } .

?DPT ccso:hasAcademicStaff ?PR
?DPT schema:identifier ?id .

SELECT ?PR ?surname ?name ?email
WHERE { ?PR rdf:type ccso:AcademicStaff .
OPTIONAL { ?PR foaf:firstName ?name } .
OPTIONAL { ?PR foaf:lastName ?surname } .
OPTIONAL { ?PR schema:email ?email } .
?DPT ccso:hasAcademicStaff 2PR .
?DPT schema:identifier ?id .

ORDER BY ?surname

FILTER regex(str(?id), "IED/STEF/TEIC") }
ORDER BY ?surname
FILTER regex(str(?id), "IED/STEF/TEIC") }
?PR ?surname Zname

<http:/fworks.gr/ontologies/ccsoFAivalis_Costas>
<http://aworks.gi/ontelogies/ccso#Akoumianakis_Demesthen..
<http:/fworks.gi/ontologies/ccso#Fragopoulou_Paraskevi>
<http:/fsworks.gi/entologies/ccso#Grammatikakis_Miltiadis>
<http:/fsworks.gr/ontologies/ccso#Kalogiannakis_Michail>
<http:/fsworks.gi/ontologies/ccso#Karagiannakis_Dimitrios>
<http:/fsworks.gifentologies/ccso#Kormaros_George»
<http:/fsworks.gi/entologies/ccso#Malamos_Athanasios>
<http:/fsworks.gi/entologies/ccso#Manifavas_Harry>

24 results.

Aivalis* *xsdistring
Akoumianakis* *xsd:string
Fragopoulou” Axsdistring
Grammatikakis” “xsd:string
Kalogiannakis” *xsd:string
Karagiannakis” “xsd:string
Kornaros *xsd:string
Malamos* *xsd:string

Manifavas” *xsdistring

Costas” *xsdistring

Zemail

aivalis@ie.teicrete.gr” *xsdianyURI

Demosthenes” *xsd:string
Paraskeyi® “xsdistring
Mitiadis* *xsd:string
Michail* xsd:string

Dimitrios” *xsdstring

akoumianakis@ie teicrete.gr *xsdianyUR]
fragopoulou@ieteicrete.gr* xse:anyURD
grammatikakis@ieteicrete.gr* *xsd:anyURD
kelogiannakis@ieteicrete.gr* *xsd:anyURD
keragiannakis@ieteicrete.gr* xsd:anyURD

George” “xsd:string
Athanasios* “xsd:string

Harry* *xsdistring

komnaros@ie.teicrete.gr *xsdianyUR]
malamos@ie.teicrete.gr* “xsd:anyURI

manifavas@ie.teicrete.gr *xsdianyUR]

Comment: Results show that the Academic Staff of department TED/STEF/TEIC has 24
members. We notice that assistants Katis Evangelos and Kondylakis Haridimos are not
listed (as in Query 4A) since they are not member of Academic Staff.

SELECT ?PR ?surname ?name ?email

WHERE { ?PR rdf:type ccso:AcademicStaff .
OPTIONAL { ?PR foaf:firstName ?name } .
OPTIONAL { ?PR foaf:lastName ?surname } .

(B) OPTIONAL { ?PR schema:email ?email } .

?DPT ccso:hasAcademicStaff ?PR
?DPT schema:identifier 2id .

FILTER regex(str(?2id),

ORDER BY ?surname

"CSD/SSE/UoC")

}

PR

surnanie

name

slcesofArgyros_Antonis

"Argyros"Ar<http: / fuwww.u3 . org/ 2081/ XML Schema#string>

"Antonis"~Achttp: / fw.w3.org/ 2081/ XULSchema#string>

"argyrosficsd.uoc.gr" " chttp: //

sleeso=Christofides Vassilis

"Christefides""<http://uvw.w3.0rg/2001/XMLSchema®string>

"Vassilis"**<http://www.w3.org/2001/XMLSchema#string>

"christofides@csd.uoc.gr” " <ht

aturou_Panagiota

"Faturou” " <http: //uwww.u3.org/ 2081/ XML Schema#strings

"Panagiota”~t<http://www.w3.org/ 2801/ XMLSchema#string>

"faturu@ficsd.uoc.gr" A <http: //

corpakopoulos_George

"Georgakopoulos " chttp:/ fwww. w3 . org/ 2001/ XML chema#string

3||"George" 44 <http: / /wav. w3 . org/2001/ XHLSchema#s tring>

"ggeoficsd.uoc.gr' A chttp: / /ww

3/CcCsoF
;cc;oEKanman.ualuﬁ Michail ||

Kalogiannakis™ " <http://www.w3.org/2001/XMLSchemagstring>

"Michail" "<http:/ /. w3 .org/ 2081/ XULSchema#strings

"kalogiannakis@iie.teicrete.gr]

sicesofKatevens Manolis

"Katevenis"A*<http://wu.w3.org/ 2081/ XMLSchemadstring>

"Manolis"*A<http:/ fww. w3 .org/ 2001/ XULSchema#string>

"katevenificsd.uoc.gr"* chttp:/

Markatos_Evangelos

"Markates""*<http://www.w3.org/ 2801/ XML5chema#string>

"Evangelos"~*<http://www.w3.org/2001/XMLSchemasstring>

“Mouxtaris_Athanasios

"Mouxtaris" A <http://wwn.w3.org/2081/XMLSchema#string>

"Athanasios"~*<http://www. w3 .org/2001/XMLSchemasstrin

g>|["mouchtar@esd.uoc. grn chttp:/
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Comment: Results show that the Academic Staff of department CSD/SSE/UoC has 17 members.
We notice that professor Kalogiannakis Michail (Query 4A) is listed again since he is
member of the academic staff of this department as in Query 5A too.

Questions related to Person

6. Which degrees does a Person have?

SELECT ?degreeTitle
WHERE { ?PR rdf:type foaf:Person .
A ?PR ccso:hasDegree ?PS
OPTIONAL { ?PS ccso:degreeTitle ?degreeTitle }
FILTER regex(str(?PR), "Seakis Dimitris") }

SELECT ?degreeTitle
WHERE { ?PR rdf:type foaf:Person .
?PR ccso:hasDegree ?PS .
OPTIOMAL { ?PS ccso:degreeTitle 2degreeTitle } .
FILTER regex(str{?PR), "Seakis_Dimitris") }

?degreeTitle

0 results

Comment: Ontology returns no answers which mean that the person Seakis Dimitris does
not have any degree.

SELECT ?degreeTitle ?PR
WHERE { ?PR rdf:type foaf:Person .
?PR foaf:lastName ?surname
(E» ?PR ccso:hasDegree ?PS
OPTIONAL { ?PS ccso:degreeTitle ?degreeTitle }
FILTER regex(str(?surname), "Starkeiou") }

degreeTitle

"Bachelor of Science in Computer Science of University of Crete" “<http://www.w3.org/2081/XMLSchema#string>

"Bachelor of Science in Informatics Engineering of TEI of Crete"~~<http://www.w3.org/2881/XMLSchemasstring>

"Bachelor of Science in Informatics Engineering of TEI of Crete"~~<http://wwi.w3.org/2881/XNLSchemastring>

"Bachelor of Science in Psychology of University of Crete™*~<http://www.w3.org/2001/XMLSchema#string>

"Master of Science in Computer Science and Engineering of University of Crete"~"chttp://www.u3.org/2001/XMLSchema#string>

"Master of Science in School Psychology"~"<http://uww.w3.org/2001/XMLSchema#strings

"Doctor of Philosophy in Clinical Psychology™**<http://www.w3.org/2001/XMLSchema#string>

Comment: This query responds all degrees, with a total of 7 degrees for persons with surname
“Starkeiou”. For example, the person Starkeiou Catherine has 3 degrees, i.e. BSc in
Psychology, MSc in Psychology, and PhD in Clinical Psychology.

7. Which Courses does a Professor teach?

SELECT ?PSname ?CScode ?CSname
WHERE { ?PF rdf:type ccso:Professor
OPTIONAL { ?PF foaf:lastName ?PFsurname }
?PF ccso:instructorOf ?SL
?SL ccso:syllabusOf ?2CS
?CS ccso:code ?CScode .

A

Semantic Modeling of Educational Curriculum & Syllabus 174



?CS ccso:includedIn ?PS
OPTIONAL { ?PS ccso:psName ?PSname }
OPTIONAL { ?CS ccso:csName ?CSname }
FILTER regex (str (?PFsurname), "Vassilakis" )
ORDER BY ?CScode

SELECT ?PSname ?CScode ?CSname
WHERE { ?PF rdf:type ccso:Professor .
OPTIONAL { ?PF foaf:lastName ?PFsurname } .

?PF ceso:instructorOf ?SL .

?5L ceso:syllabusOf 2C5 .

?CS ceso:code ?2CScode .

?CS cesoincludedIn 7PS .
OPTIONAL { ?PS ccso:psMame ?PSname } .
OPTIONAL { ?CS ccso:csName ?CSname } .
FILTER regex(str(?PFsurname), "Vassilakis” ) . T
ORDER BY ?CScede

?PSname ?CScode
Master of Science in Informatics & Multimedia of Department of Informatics E... IM209/IM_MSc/IED/STEF/TEIC *xsd:string
Bachelor of Science (BSc) in Informatics Engineering of Department of Informat... TP10K4/1E_BSc/TED/STEF/TEIC" *xsd:string
Bachelor of Science (BSc) in Informatics Engineering of Department of Informat... TP20K4/1E_BSc/TED/STEF/TEIC" *xsd:string

3 results

?CSname
Information and Communication Technologies (ICT) and Education®
Programming” *xsd:string

Dsta Structures”“xsd:string

Comment: Results show that professor Vassilakis teaches in 3 courses in 2 study programs.
The answer includes the properties course’s code, course’s name and the program’s name.

SELECT ?PSname ?CScode ?CSname

WHERE { ?PF rdf:type ccso:Professor

OPTIONAL { ?PF foaf:lastName ?PFsurname }
?PF ccso:instructorOf ?SL
?SL ccso:syllabusOf 2CS

(3)] ?CS ccso:code ?CScode

?CS ccso:includedIn ?PS

OPTIONAL { ?PS ccso:psName ?PSname }

OPTIONAL { ?CS ccso:csName ?CSname }

FILTER regex (str(?PFsurname), "Kalogiannakis" ) . }

ORDER BY ?CScode
PSname CScode

"Bachelor of Science (BSc) in Computer Science
of .."

"CS511e8/C5_BSe/CSD/SSE/UoC™

"Bachelor of Science (BSc) in Computer Science
of .."

Haster of Science in Informatics & Hultimedia "IM10&/IM_MSc/IED/STEF/TEIC"

"CE150/C5_BSe/CED/SSE/UaC"

af "
"Master of Science in Informatics & Multimedia
of .."

"IMZ205/IM MSe/IED/STEF/TEIC"

Engineering of _."
"Bachelor of Science (BSe) in Informatics

Engineering of _."

"E=chel T e Tnformat
achelor obf science (Bscl in Informatics "TD10KS/IE_ESc/IED/STEF/TEIC"

"IPZOKT7/IE_BSc/IED/STEF/TEIC"

CSname

"Discrete Mathematics™

"Programming™

"Usability Engineering”

"Information and Communication Technologies

(ICT} and Education™

"Calculus"

"Discrete Mathematics™

Comment: Results show that professor Kalogiannakis teaches in 6 courses in 3 different
study programs (Points 1, 2, 3). The answer includes the properties course’s code, course’s name

and the program’s name.

8. Which Courses does a Professor supervise on?

SELECT ?PSname ?CScode ?CSname
WHERE { ?PF rdf:type ccso:Professor
OPTIONAL { ?PF foaf:lastName ?PFsurname }
A ?PF ccso:supervisorOf ?SL
( ) ?SL ccso:syllabusOf ?2CS
OPTIONAL { ?CS ccso:code ?CScode }
?CS ccso:includedIn ?PS
OPTIONAL { ?PS ccso:psName ?PSname }
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OPTIONAL { ?CS ccso:csName ?CSname }
FILTER regex (str (?PFsurname), "Papadakis" ) . }
ORDER BY ?CScode

SELECT ?PSname ?CScode ?CSname
WHERE { ?PF rdf:type ccso:Professor .
OPTIONAL { ?PF foaf:lastName ?PFsurname } .
?PF ccso:supervisorOf 751 .
?SL ccso:syllabusof 72CS .
OPTIONAL { ?CS ccso:code 2CScode } .
?CS cesotincludedIn ?PS .
OPTIONAL { ?PS ccso:psName ?PSname } .
OPTIONAL { 7CS ccso:csName ?CSname J .
FILTER regex(str(?PFsurname), "Papadakis”™ ). }
ORDER BY ?CScode

?PSname ?CScode 2CSname
Master of Science in Informatics 8 Multimedia of Department of Inf... IM104/IM_MSc/TED/STEF/TEIC* *xsd:string Advanced Software Engineering *xsd:string
Master of Science in Informatics 8 Multimedia of Department of Inf... IM105/IM_MSc/IED/STEF/TEIC™ "xsd:string Semantic Web " “xsd:string
Bachelor of Science (BSc) in Informatics Engineering of Department ... TP10K2/TE_BSc/TED/STEF/TEIC ™ *xsd:string Meodern Topics in Informatic® “xsd:string
Bachelor of Science (BSc) in Informatics Engineering of Department ... Business Process ManagementInformation Systems and Workflows
Bachelor of Science (BSc) in Informatics Engineering of Department .. Machine Learning and Data Mining**xsd:string
Bachelor of Science (BSc) in Informatics Engineering of Department ... Programming Languages® “xsd:string

6 results

Comment: Results show that professor Papadaki s is supervisor in 6 courses in 2 study
programs. The answer includes the properties course’s code, course’s name and program’s name,
with 3 courses listed without code.

SELECT ?PSname ?CScode ?CSname
WHERE { ?PF rdf:type ccso:Professor
OPTIONAL { ?PF foaf:lastName ?PFsurname }
?PF ccso:supervisorOf ?SL
?SL ccso:syllabusOf 2CS
(E» OPTIONAL { ?CS ccso:code ?CScode }
?CS ccso:includedIn ?PS
OPTIONAL { ?PS ccso:psName ?PSname }
OPTIONAL { ?CS ccso:csName ?CSname }
FILTER regex (str (?PFsurname), "Akoumianakis"™ ) . }
ORDER BY ?CScode

PSname CScode CSname
"Bachelor of Science (BSc) in Informatic.." "Databases"
"Bachelor of Science (BSc) in Informatic.." "Advanced Topics in Databases"
"Bachelor of Science (BSc) in Informatic.." "Designing the User Interface™
"Bachelor of Science (BSc) in Informatic." "Digital Technology and Applications in Engineering”
"Master of Science in Informatics & Mult.." |"IM208/IM MSc/IED/STEF/TEIC" "Computer—Supported Collaboration”

Comment: Results show that professor Akoumianakis is supervisor in 5 courses from two
study programs. The answer includes the properties course’s code, course’s name and program’s
name with only one course to have a code.

9. Which Courses does an Assistant assist in?

SELECT ?PSname ?CScode ?CSname
WHERE { ?CA rdf:type ccso:Assistant
?CA ccso:assistsInCourse ?SL
?CA foaf:lastName ?CAsurname
?SL ccso:syllabusOf ?CS
A ?CS ccso:includedIn ?PS
OPTIONAL { ?PS ccso:psName ?PSname }
?CS ccso:csName ?CSname
OPTIONAL { ?CS ccso:code ?CScode }
FILTER regex (str (?CAsurname), "Kondylakis" ) . }
ORDER BY ?CS

Semantic Modeling of Educational Curriculum & Syllabus 176



SELECT ?PSname ?CScode ?CSname
WHERE { ?CA rdf:type ccso:Assistant .
?CA ccso:assistsInCourse ?5L .
?CA foafilastName ?CAsurname .
OPTIOMAL { ?5L ccso:syllabusOf ?C5 } .
?CS cesoiincludedIn ?PS .
QOPTIONAL { ?P5 ccso:psName ?PSname } .
?7CS ccsoicsName 2CSname .
OPTIONAL { ?CS ccso:code 2CScode J .
FILTER regex(str(?CAsurname), "Kondylakis™ ) . H
ORDER BY ?C5

?PSname ?CScode ?CSname
Bachelor of Science (B5c) in Computer Science of Computers Sciences Depa... C5150/C5_BSc/CSD/S5E/UoC™ *xsdistring Programming* “xsd:string
Bachelor of Science (B5c) in Computer Science of Computers Sciences Depa... C5335/C5_B5¢/CSD/SSE/UoC M Mxsd:string Computer Metworks ™ “xsd:string
Bachelor of Science (BSc) in Computer Science of Computers Sciences Depa... Languages and Compilers* *xsd:string
Bachelor of Science (B5c) in Computer Science of Computers Sciences Depa... C5345/C5_BSc/CSD/SSE/UoC M Mxsd:string Operating Systems” “xsdistring
Bachelor of Science (BSc) in Computer Science of Computers Sciences Depa... Files and Databases* *“xsdistring
Master of Science in Informatics & Multimedia of Department of Informatics... IM104/TM_M5c/TED/STEF/TEIC " “xsd:string Advanced Software Engineering* *xsd:string
Master of Science in Informatics & Multimedia of Department of Informatics... IML05/IM_MSc/IED/STEF/TEIC " “xsd:string Semantic Web**xsd:string
Master of Science in Informatics & Multimedia of Department of Informatics... IM202/IM_M5c/IED/STEF/TEIC ™ “xsd:string Wireless Networks™® “xsdistring

8 results
Comment: Results show that assistant Kondylakis assists in 8 courses in 2 study programs.

The answer includes the properties course’s code, course’s name and program’s name and 3
programs do not have code.

SELECT ?PSname ?CScode ?CSname
WHERE { ?CA rdf:type ccso:Assistant
?CA ccso:assistsInCourse ?SL
?CA foaf:lastName ?CAsurname
?SL ccso:syllabusOf ?2CS
(E» ?CS ccso:includedIn ?PS .
OPTIONAL { ?PS ccso:psName ?PSname } .
?CS ccso:csName ?CSname .
OPTIONAL { ?CS ccso:code ?CScode } .

n e ]
FILTER regex (str (?CAsurname), "Katis" ) . }
ORDER BY ?CS

PSname CScode CSname
"Master of Science in Informatics & Mult.." |"IM102/IM MSc/IED/STEF/TEIC" |"Computer Networks"
"Master of Science in Informatiecs & Mult.." |"IM104/IM MSc/IED/STEF/TEIC" |"Advanced Software Engineering"
"Master of Science in Informatics & Mult.." |"IM105/IM MSc/IED/STEF/TEIC |"Semantic Web"
"Master of Science in Informatics & Mult.." |"IM201/IM MSc/IED/STEF/TEIC" |"Data Structures and Zlgorithms”
"Master of Scilence in Informatics & Mult.." |"IM2Z09/IM MSc/IED/STEF/TEIC" |"Information and Communication Technologies (ICT) and Education”

Comment: Results show that assistant Katis assists in 5 courses, all from the same study
program. The answer includes the properties course’s code, course’s name and program’s name.

10. Which Publications has a Person authored?

SELECT ?Publabel ?Pubyear ?Pubtitle
WHERE { ?Rsc rdf:type ccso:Resource .
?Rsc dc:creator ?PR .
OPTIONAL { ?Rsc rdfs:label ?Publabel }
OPTIONAL { ?Rsc dc:title ?Pubtitle } .
OPTIONAL { ?Rsc dc:date ?Pubyear }
OPTIONAL { ?PR foaf:lastName ?PRsurname }
OPTIONAL { ?PR foaf:firstName ?PRname }
FILTER regex (str (?PRsurname), "Vassilakis™ ) }
ORDER BY ?Pubyear

A)
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SELECT ?Publabel ?Pubyear ?Pubtitle

WHERE { ?Rsc rdf:type ccso:Resource .
?Rsc dcicreator ?PR .

OPTIOMAL { ?Rsc rdfs:label ?Publabel } .
OPTIONAL { ?Rsc dc:title ?Pubtitle J .
OPTIONAL { ?Rsc dc:date ?Pubyear }
OPTIONAL { ?PR foaf:lastName ?PRsurname } .
OPTIOMNAL { ?PR foaf:firstName ?PRname } .
FILTER regex(str(?PRsurname), "Vassilakis" ) . ¥
ORDER BY ?Pubyear

?Publabel ?Pubyear ?Pubtitle
Marakakis, Vassilakis (2005) Expert System for Epilepsy with Uncertainty@en 20054*... Expert System for Epilepsy with Uncertainty * “xsd:string
Vassilakis,Psarros, Kalogiannakis (2005) Asynchronous Tele-Teaching at TE of Crete, Primary ... 2005**... Asynchronous Tele-Teaching at TEl of Crete. Primary results of an empirical research™

Kalogiannakis, Vassilakis, Alafodimos,Papadakis, Papachristos, Zafeiri (2009) Adult Education an... 2009**... Adult Education and Lifelong Learning. The case of GSAE (General Secretary for Adult
Papachristou, Kalogiannakis, Vassilakis (2010) An Educational Model for Asynchronous E-Lear... 2010**... An Educational Model for Asynchronous E-Learning. A Case Study in a Higher Techno

4 results

Comment: Results show that person “Vassilakis” has authored 4 publications recorded with
the label, year, publication and title of publication listed and ordered by Publication year.

SELECT ?Publabel ?Pubyear ?Pubtitle
WHERE { ?Rsc rdf:type ccso:Resource
?Rsc dc:creator ?PR
OPTIONAL { ?Rsc rdfs:label ?Publabel }
B OPTIONAL { ?Rsc dc:title ?Pubtitle } .
( ) OPTIONAL { ?Rsc dc:date ?Pubyear }
OPTIONAL { ?PR foaf:lastName ?PRsurname }
OPTIONAL { ?PR foaf:firstName ?PRname }

FILTER regex (str(?PRsurname), "Papadakis" ) }
ORDER BY ?Pubyear
Publabel Pubyear Pubtitle
"Marakakis, Fondylakis, Papadakis (2012) Enowledge "Enowledge Representation in a proof checker for logic
i3 Fapadakis nop1zn g P =2 g
Representation in a proof checker for logic .." programs"
"Hatzivasilis, Papasfstathiou,Manifavas,Papadakis "R Reasoning System for composition verification and
P PapadaXis nan14n g S T
(2014) A Reasoning System for composition .." security validation"

Comment: Results show that person “Papadakis” has authored 2 publications recorded with
the label, year, publication and title of publication listed and ordered by Publication year.

11. Which Courses does a Student attend?

SELECT ?CS ?CSname
WHERE { ?CS rdf:type ccso:Course .
OPTIONAL { ?CS ccso:csName ?CSname } .
G» ?Std ccso:attendsCourse ?CS .
?Std rdf:type ccso:Student .
FILTER regex(str(?Std), "Starkeiou Vakis") . }
ORDER BY ?CS

SELECT ?CS ?CSname
WHERE { ?CS rdf:type ccso:Course .
OPTIOMAL { 2CS ccso:csName 2CSname } .
?5Std ccso:attendsCourse ?CS .
75td rdf:type ccso:Student .
FILTER regex(str(?5td), "Starkeiou_vakis") . %}
ORDER BY ?CS

2C8 ?CSname
<http://works.gr/ontologies/ccso#C5109/C5_BSc/CSD/SSE/UoC> English I* *xsd:string
<http:/eworks.gr/ontologies/ccso#C5118/C5_BSc/CSD/SSE/ UaCx Discrete Mathematics™ “xsd:string
<http:/sworks.gr/ontologies/ceso2C5120/C5_BSc/CSD/SSE/UaC Digital Design® *xsd:string
<http:/eworks.gr/ontologies/ccso2CE180/C5_BSc/CSD/S5E/ UoC Logic™ “xsdistring

4 results
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Comment: Results show that student Starkeiou Vakis attends in 4 courses with their IRIs
and names listed.

SELECT ?Stdsurname ?Stdname ?CS ?CSname
WHERE { ?CS rdf:type ccso:Course
?CS ccso:csName ?CSname .
?5td ccso:attendsCourse ?CS
(3)] ?5td rdf:type ccso:Student
?3td foaf:lastName ?Stdsurname .
?3td foaf:firstName ?Stdname .

FILTER regex (str (?Stdsurname), "Starkeiou") . }
ORDER BY ?Stdname
Stdsurname | Stdname | CS ‘ CSname
"Starkeiou" |"Aria" |http./xworks.ex/ontologies/cesof IM2 09/ IM MSc/IED/STEF TEIC ‘“Informat.ion and Communication Technologies (ICT)"
"Starkeicu" ["2ria® |http://xworks.gr/ontologies 'ccso#IM201/IM MSc/IED/STEFTEIC  |"Data Structurss and Algorithms"”
"starkeicu" [*aria" | |htp/xworks griontologies ccsofIM205/IM MS/IED/STEFTEIC — "Mstwork Security”
[starreioa” ["Nick" |http://xworks.er/ontologies ccso#CS109/CS BS¢/CSDSSE/UoC ["English II"
[rstarxeion” [mwick" @) htp:/xworks griontologies ccso#CS130/CS BSc/CSDISSEUoC  "Programming”
|"Starkeicu" |"Nick" | |http:/xworks.or/ontologies/ccs o2 CS110/CS BSc/CSDISSEUoC ‘“Calculus h

Comment: In this query we see the courses that “Starkeiou” attend in with course’s IRI and
course’s name listed. We notice that they are 6 courses total, Starkeiou Aria attendsin 3
courses (point 1) and Starkeiou Nick attends in 3 courses (point 2).

12.Which Courses has a Student successfully completed?

SELECT ?CS ?CSname
WHERE { ?CS rdf:type ccso:Course
OPTIONAL { ?CS ccso:csName ?CSname }
G» ?5td ccso:hasCompleted 2CS
?5td rdf:type ccso:Student
FILTER regex(str(?Std), "Starkeiou Vakis") . }
ORDER BY ?CS

SELECT ?CS ?CSname
WHERE { ?CS rdf:type ccso:Course .
OPTIOMAL { 2CS ccso:csName ?CSname .
?5td ccsorhasCompleted ?CS .
?Std rdf:type cososStudent .
FILTER regex(str{?5td), "Starkeiou_Vakis"). ¥}
ORDER BY 2CS

2CS ?CSname
<http://wworks.gr/ontologies/ccso#C5100/CS_B5c/CSD/S5E UnCx Introduction to Computer Science” *xsdistring
<http:/sworks.gr/ontologies/coso#C5108/C5_B5c/C50/S5E/ UaC» English I* “xsd:string
<http://xworks.gr/ontologies/ccso#C5110/CS_BSc/CSDYS5E/UolCs Calculus I *xsd:string
<http://xworks.gr/ontologies/ccso®C5119/CS_BSc/CSD/S5E UoCx Linear Algebra™ *xsd:string
<http://wworks.gr/ontologies/ccso#C5150/C5_B5c/C5D/S5E/ UnCs Pragramming® *xsdistring

5 results

Comment: Results show that student Starkeiou Vakis has successfully completed 5 courses
with their IRIs and names listed.

SELECT ?CS ?CSname
WHERE { ?CS rdf:type ccso:Course
(B) OPTIONAL { ?CS ccso:csName ?CSname }
?5td ccso:hasCompleted ?CS
?5td rdf:type ccso:Student
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FILTER regex(str(?Std), "Vassileiou Marcela")
ORDER BY ?CS

| CS | CSname

|http //xworks.or/ontologies/ccse# TP10K LIE BSc/IED/STEFE TEIC | "Physics"

!htrp Jmworks.or/ontologies/coscf TPI0K 2 IE BSo/IED/STEE/ TEIC | "Modern Topics in Informatic™

|http-/xworks or/ontologies/cose¥ TP10K3/TE. BSc/TED/STEF TEIC | "Digital Design"

!htrp Jmworks.or/ontologies/coscf TPI0K4/IE BSo/IED/STEE/ TEIC | "Programming"

Ihttp //=works.or/ontologies/cese# TP10KS/IE BSc/IED/STEE TEIC | "caleculus"

|http-/xworks ox/ontologies/cosc¥ TP10KS/TE BSc/TED/STEF TEIC | "Education"

Ihttp //x=works.or/ontologies/ cese# TP2OKLIE BSc/IED/STEE/ TEIC | "Microelectronics"

|http-/xworks or/ontologies/cose¥ TP2OK2TE BSc/TED/STEF TEIC | "Computer Brchitecture”

Ihttp “xworks.or/ontolosies/ cosef TP2OKS/IE BSo/IED/STEE TEIC | "Introduction to Telecommunications"

|http-/xworks or/ontologies/cosc¥ TP20KA/TE BSc/TED/STEF TEIC | "Data Structures"

|htL'p Jxworks.or/ontologies/coscf TP2OKS/IE BSoIED/STEE/ TEIC | "Innovation, the Internet and Entreprensurship"”

|http-/xworks ox/ontologies/cose¥ TP20K7/IE. BSc/TED/STEF TEIC | "Discrete Mathematics"

Comment: Results show that student Vassileiou Marcela has successfully completed 12

courses with their IRIs and names listed.

Questions related to Course and Syllabus

13.Who are the Instructors of a Course?

SELECT ?CScode ?CSname ?PFsurname ?PFname
WHERE { ?CS rdf:type ccso:Course
OPTIONAL { ?CS ccso:code ?CScode }
OPTIONAL { ?CS ccso:csName ?CSname }
?CS ccso:hasSyllabus ?SL
?SL ccso:hasInstructor ?PF
OPTIONAL { ?PF foaf:firstName ?PFname }
OPTIONAL { ?PF foaf:lastName ?PFsurname }
FILTER regex (str (?CSname), "Computer Networks'")
ORDER BY ?CS

SELECT ?CScoede ?CSname ?PFsurname ?PFname
WHERE { ?CS rdf:type ccso:Course .
OPTIONAL { ?C5 ccso:code ?CScode } .
OPTIONAL { ?CS ccso:csName 2CSname } .
?CS ccso:hasSyllabus 751 .
75L ccso:hasInstructor ?PF .
OPTIONAL { ?PF foaf:firsthName ?PFname } .
OPTIONAL { ?PF foaf:lastName ?PFsurname } .
FILTER regex(str(?CSname), "Computer Networks") ¥
ORDER BY 7CS

A

?CScode ?CSname ?PFsurname
(C5335/C5_B5c/CSD/SSE/UoCH “xsd:istring Computer Metworks™"xsd:string Tsiknakis" “xsd:string o
102/ TM_MSc/TED/ STEF/TEIC “xschistring Vourkas® “xsd:string

’EMIUEHM_MSCHEDISTEF!TE[C“‘xsd:strlng
|TPMJKzﬂE_BSchEDISTEF»’TE[CN\xsd:string
TP60D1/IE_BSc/IED/STER/TEIC " *xsd:string

Computer Metworks™ *xsd:string

Computer Metworks™ “xsd:string

Computer Networks™ *xsd:string

Computer Metworks I* *xsd:string Fragepoulou™ *xusdistring 6

5 results

Panagiotakis ™ "xsd:string|
Panagiotakis™ *xsd:string

?PFname
Manolis® “xsdistring
Michail “xsd:string
Spyros” “xsdistring
Spyros” Musdistring

Paraskevi® *xsdistring

Comment: In this query all courses with with term ‘Computer Networks’ in their name are
listed. The query returns 5 results with 4 distinct Courses, i.e. CS335 with professor Tsiknakis
as instructor (point 1), IM102 with professors Vourkas and Panagiotakis as instructors
(point 2), TP40K2 with professor Panagiotakis as instructor (point 3) and TP60D1 with
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professor Fraggopoulou as instructor (point 4).

SELECT ?CScode ?CSname ?PFsurname ?PFname
WHERE { ?CS rdf:type ccso:Course
OPTIONAL { ?CS ccso:code ?CScode }
OPTIONAL { ?CS ccso:csName ?CSname }

?CS ccso:hasSyllabus ?SL
(E» ?SL ccso:hasInstructor ?PF
OPTIONAL { ?PF foaf:firstName ?PFname }
OPTIONAL { ?PF foaf:lastName ?PFsurname }

FILTER regex (str (?CScode), "IM209") }
ORDER BY ?CS
CScode CSname PFsurname PFname

"IM209%/IM M3c/IED/STEF/TEIC" |"Information and Communication Technologies (ICT) and Education" |"Ralogiannakis" |"Michail”

"IM209%/IM M3c/IED/STEF/TEIC" |"Information and Communication Technologies (ICT) and Education" |"Vassilakis" "Fonstantinos"

Comment: This query shows that the course with code ‘ITM209” has name ‘ICT in
Education’ (CSname) and has 2 Instructors: professor Kalogiannakis and professor
Vassilakis.

14.Who are the Assistants of a Course?

SELECT ?CSname ?CAsurname ?CAname
WHERE { ?CS rdf:type ccso:Course
OPTIONAL { ?CS ccso:csName ?CSname }
?CS ccso:hasSyllabus ?SL

G» ?SL ccso:hasCourseAssistant ?CA .
OPTIONAL { ?CA foaf:firstName ?CAname }
OPTIONAL { <?CA foaf:lastName ?CAsurname }
FILTER regex (str (?CSname), "Semantic Web") }
ORDER BY ?CAsurname

SELECT ?CSname ?CAsurname ?CAname
WHERE { ?CS rdf:type ccso:Course .

OPTIOMAL { ?CS ccsoicsName 2CSname .
?CS ccso:hasSyllabus ?5L .
?5L ccso:hasCourseAssistant ?CA .

OPTIOMAL { ?CA foaf:firstName ?CAname } .

OPTIONAL { ?CA foaf:lastName ?CAsurname 7} .

FILTER regex(str(?CSname), "Semantic Web™) }

ORDER BY ?CAsurname

?CSname ?CAsurname ZCAname
Sernantic Web ™ “xsdistring Katis" *xsd:string Evangelos™ “xsd:anyURI
Sernantic Web ™ “xsdistring Kondylakis" *xsd:string Haridimos® “xsd:string

2 results

Comment: Results show that the course with name ‘Semantic Web’ has 2 Course Assistants:

Katis and Kondylakis.

SELECT ?CScode ?CSname CAsurname ?CAname
WHERE { ?CS rdf:type ccso:Course
OPTIONAL { ?CS ccso:code ?CScode }

B OPTIONAL { ?CS ccso:csName ?CSname }
( ) ?CS ccso:hasSyllabus ?SL
?SL ccso:hasCourseAssistant ?CA .
OPTIONAL { ?CA foaf:firstName ?CAname }
OPTIONAL { ?CA foaf:lastName ?CAsurname }
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FILTER regex (str(?CScode), "CS119M) }
ORDER BY ?CAsurname

CScode CSname CAsurname CAname
"C3115/C3 _BSc/CSD/SSE/UolC" |"Linear Rlgebra" |"Gramma" "Joanna"
"C3115/C3 BS8Sc/CED/SSE/UolC" |"Linear Rlgebra” |"Pappa” "Pepli"

Comment: Results show that course ‘CS119’ has name ‘Linear Algebra’ and has 2 Course
Assistants: Gramma and Pappa.

15.Who are the Students attend a Course?

SELECT ?Std ?Stdsurname ?Stdname
WHERE { ?Std rdf:type ccso:Student
OPTIONAL { ?Std foaf:lastName ?Stdsurname }
OPTIONAL { ?Std foaf:firstName ?Stdname }
G» ?Std ccso:attendsCourse ?CS
?CS rdf:type ccso:Course
FILTER regex (str(2CS), "IM209") . }
ORDER BY ?Stdsurname

SELECT ?Std ?Stdsurname ?Stdname

WHERE { ?Std rdf:type ccso:Student .

OPTIONAL { ?Std foaf:lastName ?Stdsurname } .

OPTIONAL { ?Std foaf:firstName ?Stdname 7} .
?8td ccso:attendsCourse ?CS .
?CS rdf:type ccso:Course .

FILTER regex(str(?CS), "IM209") . 7}

ORDER BY ?Stdsurname

?5td ?Stdsurname ?Stdname
<http:/xworks.gr/ontologies/ccso#Agrimakis_Samsons Agrimakis® “xsdistring Samson® “xsdistring
<http:/fxworks.gr/ontologies/ccso#Dallas_Nektarios» Dallas* *xsd:string Mektarios " “xsdistring
<http:/xworks.gr/ontologies/ccso#Hionis_lohn> Hionis* *xsd:string John* *xsdistring
<http:/works.gr/ontologies/ccso#Kokkinos_Heraklis> Kokkinos* *xsd:string Heraklis* *xsd:string
<http:/ eworks.gr/entelogies/ccsofMartelis_Stelios> Martelis* “xsd:string Stelios™ *xsd:string
<http:/xworks.gr/entologies/coso#Starkeiou_Aria» Starkeiou™ “xsdistring Aria™ "xsdistring
<http:/works.gr/ontologies/coso#Vassileiou_Tom:> Vassileiou™ *xsdistring Tom* *xsdistring
7 results

Comment: Results show that course ‘IM209’ has 7 Attendees with Attender’s IRI, name and
surname listed.

SELECT ?Std ?Stdsurname ?Stdname ?CSname
WHERE { ?Std rdf:type ccso:Student
OPTIONAL { ?Std foaf:lastName ?Stdsurname }
OPTIONAL { ?Std foaf:firstName ?Stdname }

(ED ?Std ccso:attendsCourse 2CS
OPTIONAL { ?CS ccso:csName ?CSname }
?CS rdf:type ccso:Course

FILTER regex (str(?CS), "PSY1501™) . }
ORDER BY ?Stdsurname
Std Stdsurname Stdname CSname

http://xworks. gr'ontologies/cesofKekili Souzan |"Eekili™ "Souzan"|"Social Psychology I: Introduction to Social Psychology"

http://xworks.or'ontologies/cesofRalli Mary "Ralli" "Mary" |"Social Psychology I: Introduction to Social Psychology"

http://xworks.gr'ontologies/ccso#Rallis John |"Rallis"  |"John"

"Social Psychology I: Introduction to Social Psychology™

Comment: Results show that course ‘PSY1501° has name ‘Social Psychology I’ and has 3
Attendees with Attender’s name & surname listed.
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16. Which are the Syllabi of a Course?

SELECT ?CSname ?SL ?SLname
WHERE { ?CS rdf:type ccso:Course
OPTIONAL { ?CS ccso:csName ?CSname }
Q» OPTIONAL { ?CS ccso:hasSyllabus ?SL }
OPTIONAL { ?SL ccso:csName ?SLname }
FILTER regex (str(?CS), "CS119") . }
ORDER BY ?SL

SELECT 2CSname ?SL ?SLname
WHERE { ?CS rdf:type ccso:Course .
OPTIONAL { ?CS ccso:csName 2CSname } .
OPTIONAL { ?CS cecso:hasSyllabus 281 F .
OPTIONAL { ?SL ccso:csName 2SLname } .
FILTER regex(str{?CS), "CS119") . F
ORDER BY 2SL

2?CSname ?5L ?SLname
Linear Algebra”™ “xsd:string <http:/fworks.gr/ontologies/ccso#C511951/C5_BSc/CSD/S5E/UoCs Syllabus of course C5119 Linear Algebra™ "xsd:string
Linear Algebra™ *xsd:string <http:/foworks.gr/ontologies/ccso#C5119s2017-18/C5_B5c/CSD/SSE/UaCs Syllabus of course CS119 Linear Algebrafro Academic Year 2017-18" “xsd:string

2 results
Comment: Results show that course CS119 has name ‘Linear Algebra’and has 2 Syllabi:
CS119sland CS119s2017-18.

SELECT ?CSname ?SL ?SLname ?SLAcademicYear
WHERE { ?CS rdf:type ccso:Course
OPTIONAL { ?CS ccso:csName ?CSname }
?CS ccso:hasSyllabus ?SL .
(E» OPTIONAL { ?SL ccso:csName ?SLname }
OPTIONAL { ?S8SL ccso:academicYear 7?SLAcademicYear }
FILTER regex (str(?CS), "TP10OK1") . }
ORDER BY ?SL

CSname SL SLname SLAcademicYear
"physics" http://xworks griontologies/ccso# TP10K 1s2015-16TE BSc/TED/STEF/TEIC |"Syllabus of course TP10E1l Physiecs" |"2015-16"

"Physics" http//xworks.or/ontologies/ccsof TP10K 1s2016-17IE BSc/IED/STEF/TEIC |"Syllabus of course TP10El Physics™ |"2016-17"
"physics" http-//xworks griontologies/ccso# TP10K 1s2017-18 TE BSc¢/TED/STEF/TEIC |"Syllabus of course TP10E1l Physiecs" |"2017-18"

Comment: Results show that course TP10K1 has name ‘Physics’ has 3 Syllabi:
TP10K1s2015-16, TP10K1s2016-17 & TP10K1s2017-18 and the academic year for each
one.

17.Which are the Topics and Learning Outcomes of a Course?

It’s more convenient to split this query in two, one query for Topics and one query for Learning
Outcomes.

SELECT ?Tlabel ?CS
WHERE { ?CS rdf:type ccso:Course
?CS ccso:hasSyllabus ?Syl
A ?Syl ccso:coversTopic ?Topic .
OPTIONAL { ?Topic ccso:label ?Tlabel }
FILTER regex(str(?CS), "CS335/CS BSc/CSD/SSE/UoC") '}
ORDER BY ?Topic
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SELECT ?Tlabel ?CS
WHERE { ?CS rdf:type ccso:Course .
?CS ccso:hasSyllabus 75yl .
?Syl ccso:coversTopic ?Topic .
OPTIOMAL { ?Topic ccso:label ?Tlabel 7 .
FILTER regex(str(2CS), "C5335") }
ORDER BY ?Topic

?Tlabel
Commen approaches to multiple access (exponential-backoff, time division multiplexing, etc)” *xsd:string
Ethernet* *xsd:string
Local Area Metworks ™ *“xsdistring
Multiple Access Problem * *xsdistring
Switching* *xsd:string
Internet Protocol (IP)* *xsd:string
Routing versus ferwarding ™ “xsd:string
Scalability issues (hierarchical addressing)* “xsd:string

Static routing® *xsd:string

9 results

?Cs
<http://xworks.gr/ontologies/ccso#C5335/C5_BSc/CSD/S5E/ UolC>
<http://xworks.gr/entologies/ccso#C5335/CS_BSc/CSD/SSE o C>
<http://xworks.gr/entologies/ccso#C5335/CS_BSc/CSD/SSE/ UoC>
<http://xworks.gr/entologies/ccso#C5335/C5_BSc/CSD/SSE/ UoC>
<http://xworks.gr/ontologies/ccso#C5335/C5_BSc/CSD/S5E/ UolC>
<http://xworks.gr/entologies/ccso#C5335/CS_BSc/CSD/SSE o C>
<http://xworks.gr/entologies/ccso#C5335/CS_BSc/CSD/SSE/ UoC>
<http://xworks.gr/entologies/ccso#C5335/C5_BSc/CSD/SSE/ UoC>
<http://xworks.gr/ontologies/ccso#C5335/C5_BSc/CSD/S5E/ UolC>

Comment: Results show that the course CS335 has 9 Topics with their labels listed.

SELECT ?LOlabel ?CS
WHERE { ?CS rdf:type ccso:Course .
?CS ccso:hasSyllabus ?SL .
B) ?SL ccso:aimsToLO ?LO .

OPTIONAL { ?LO ccso:label ?LOlabel }
FILTER regex (str(?CS), "CS335") }

ORDER BY ?LO

SELECT ?LOlabel ?2CS
WHERE { ?CS rdf:type ccso:Course .
?CS ccso:hasSyllabus ?5L .
7SL cecso:aimsTolO ?LO .
OPTIONAL { ?LO ccso:label 2LOlabel } .
FILTER regex(str{?CS), "C5335™) ¥
ORDER BY 7LO

?L0label
Describe how frames are forwarded in an Ethernet network ™ “xsd:string
Describe the interrelations between IP and Ethernet® *xsd:string
Describe the steps used in one common approach to the multiple access problem ™ *xsd:string
Identify the differences between IP and Ethernet” “xsd:string
Describe how packets are forwarded in an IP networks” “xsd:string
Describe the organization of the network layer” “xsd:string

List the scalability benefits of hierarchical addressing* *xsd:string

7T results

?CS
<http://xworks.gr/ontologies/ccso#C5335/C5_B5c/CSD/55E/UoCs
<http:/xworks.gr/ontologies/ccso#C5335/CS_BSc/CSD/SSE/UoCx
<http://xworks.gr/ontologies/ccso#C5335/CS_BSc/CSD/SSE/UoC>
<http://xworks.gr/ontologies/ccso#C5335/C5_BSc/CSD/SSE/ o
<http://xworks.gr/ontologies/ccso#C5335/C5_BSc/CSD/SSE/ o
<http://xworks.gr/ontologies/ccso#C5335/C5_BSc/CSD/SSE/ o
<http://xworks.gr/ontologies/ccso#C5335/C5_BSc/CS0/55E/UoCx

Comment: As to the Learning Outcomes, results show that the same course CS335 has 7

Learning Outcomes with their labels listed.

Questions related to study planning

18. Which Courses are included in a study program?

SELECT ?CS ?CSname
WHERE { ?CS rdf:type ccso:Course .
?CS ccso:csName ?CSname .
A ?PS ccso:includesCourse ?CS .

FILTER regex(str(?PS), "IE BSc/IED/STEF/TEIC") . }

ORDER BY ?CS
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SELECT 2CS ?2CSname
WHERE { 2CS rdf:type ccso:Course .
?2CS ccso:csName ?CSname .
?PS cecsodincludesCourse 2CS .
FILTER regex(str(?PS), "IE_BSc/IED/STEF/TEIC™) .}
ORDER BY ?2CS

2CSs
<http://xworks.gr/ontologies/ccso#TP10K1/TE_BSc/IED/STEF/TEIC>
<http://xworks.gr/ontologies/ccso#TP10KZ/TE_BSc/IED/STEF/TEIC>
<http://xworks.gr/ontologies/ccso®TPL0KS/IE_BSc/IED/STEF/TEIC>
<http://xworks.gr/ontologies/ccso®TP10KA/IE_BSc/IED/STEF/TEIC>
<http:/fxworks.gr/ontelogies/ccso#TPL0KS/TE_BSc/IED/STEF/TEIC>
<http:/fxworks.gr/ontelogies/ccso#TPL0KG/TE_BSc/IED/STEF/TEIC>
<http:/fxworks.gr/ontelogies/ccso2TP20KL/TE_BSc/IED/STEF/TEIC>
<http:/fxworks.gr/ontelogies/ ccsof TP20K2/TE_BSc/IED/STEF/TEIC>

?CSname

Physics ™ *xsd:istring

Modern Topics in Informatic® *xsdistring

Digital Design® “xsd:string
Programming ™ *xsd:string
Calculus ™ *xsd:string
Education” *xsd:string
Microelectronics ™ “xsd:string

Computer Architecture™ *xsdistring

-

<http:/fxworks.gr/ontologies/ccsof TP20K3/TE_BSc/IED/STEF/TEIC= Introduction to Telecommunications ™ “xsd:string

64 results

Comment: Results show that program IE BSc/IED/STEF/TEIC includes 64 courses with
course’s IRI and course’s name listed.

®)

SELECT ?CS ?CSname

WHERE { ?CS rdf:type ccso:Course .
?CS ccso:csName ?CSname
?PS ccso:includesCourse ?CS .

FILTER regex (str(?PS), "CS BSc/CSD/SSE/UoC") . }

ORDER BY ?CS

Cs

CSname

||ht‘nJ:

/xworks. gr/ontologies/ccsozCS100/CS

BSc/CSD/SSEUoC

“Introduction to Computer Science”~~<http://www.w3.org/2001/XMLSchema#string»

||ht‘nJ:

/xworks.gr/ontologies/ccsozCS108/CS

BSc/CSD/SSEUoC

"English I"~~<http://www.w3.org/ 2881/ XMLSchematstring>

||ht‘nJ:

/xworks.gr/ontologies/ccsozCS109/CS

BSc/CSD/SSEUoC

"English IT"~~<http://www.w3.org/2ee1/XMLSchematstring:

||ht‘nJ:

/xworks. gr/ontologies/ccsozCS110/CS

BSc/CSD/SSEUoC

"Calculus I"~~<http://www.w3.org/2ee1/XMLSchematstring:

/xworks.gr/ontologies/ccsozCS118/CS

BSc/CSD/SSEUoC

||ht‘nJ:

“Discrete Mathematics"~"<http://www.w3.0rg/2081/XMLSchemazstring>

||ht‘nJ:

/xworks. gr/ontologies/ccsozCS119/CS

BSc/CSD/SSEUoC

“Linear Algebra"~"<http://www.w3.org/2081/XMLSchema#string>

||11tt1J. f

/xworks.gr/ontologies/ccso#CS5120/CS

BSc/CSD/SSEUoC

"Digital Design"~"<http://www.w3.org/2081/XMLSchema#string>

{/xworks.or/ontologies/ccso#CS150/CS

BSc/CSD/SSEUoC

||11tt1J.

"Programming”~*<http://waw.w3.org/2001/XMLSchemas#string>

||11tt1J.

{/xworks.or/ontologies/ccso#CS180/CS

BSc/CSD/SSEUoC

"Logic"~<http://www.w3.org/ 2001/ XMLSchema#string»

||11tt1J. |

{/xworks.or/ontologies/ccso#CS208/CS

BSc/CSD/SSEUoC

"English ITI"~*<http://waw.w3.org/2001/XMLSchemas#string>

| |11tt1J A

xworks . gr/ontologies/ccso#CS209/CS

BSc/CSD/SSEUoC

"English IV"*~<http://www.w3.org/2801/XMLSchemasstring>

| |11tt1J A

xworks gr/ontologies/ccso#CS215/CS

BSc/CSD/SSEUoC

"Applied Mathematics for Engineers"~~<http://www.w3.org/2081/XML5chemas#string>

||11tt1J. f

/xworks.gr/ontologies/ccso#CS5217/CS

BSc/CSD/SSEUoC

"Probability"~*<http://waw.w3.org/2001/XMLSchemas#string>

||11tt1J.

{/xworks.or/ontologies/ccso#CS220/CS

BSc/CSD/SSEUeC

"Digital Circuits Lab"~"<http://www.w3.org/2081/XMLSchema#string> =

Comment: Results show that study program CS_BSc/CSD/SSE/UoC includes 60 courses with
course’s IRI and course’s name listed.

19. Which are the core Courses in a study program?

A)

SELECT ?CS ?CSname

WHERE { ?CS rdf:type ccso:Course .
OPTIONAL { ?CS ccso:csName ?CSname } .
?PS ccso:includesCourse ?CS .
?CS ccso:courseType ?CStype .
FILTER (regex (str(?PS), "IE BSc/IED/STEF/TEIC") && regex(str (?CStype),

"Core") ) A }
ORDER BY ?CS
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SELECT ?CS ?CSname
WHERE { ?CS rdf:type ccso:Course .
OPTIONAL { ?CS ccso:csName 2CSname | .
?PS cesoiincludesCourse 2CS .
?CS ccso.courseType ?CStype .
FILTER (regex(str(?P5), "IE_ElSc;"IED;"STEF;‘TEICf') & regex(str(?CStype), "Core™)) .
QORDER BY ?CS

b

?CS
<http://xworks.gr/ontologies/ccso#TP30KS/IE_BSc/IED/STEF/TEIC>
<http:/oworks.gr/ontologies/ccso# TP30KE/IE_BSc/IED/STEF/TEIC=
<http://xworks.gr/ontologies/ccsoFTP30KT/IE_BSc/IED/STEF/TEIC>
<http://xworks.gr/ontologies/ccso#TP40KL/IE_BSc/IED/STEF/TEIC>
<http:/oworks.gr/ontologies/ccso# TPA0K2/TE_BSc/IED/STEF/TEIC=
<http://xworks.gr/ontologies/ccsoFTP40KS/IE_BSc/IED/STEF/TEIC>
<http://xworks.gr/ontologies/ccso#TP40K4/TE_BSc/IED/STEF/TEIC>
<http:/oworks.gr/ontologies/ccso# TP40KS,/TE_BSc/IED/STEF/TEIC=
<http://xworks.gr/ontologies/ccsoFTP40KE/IE_BSc/IED/STEF/TEIC>

?CSname
Applied Mathematics® “xsdistring
Terminology and Technical Writing* *xsd:string
Multimedia Technology * “xsd:string
Digital Signal Processing™ “xsdistring
Computer Metworks® “xsd:string
Internet Programming ™ *xsdistring
Principles of Software Engineering® *xsd:string
Linear Algebra® *xsd:string

Teaching Informatics” “xsd:string

48 results

Comment: in this query the results are being filtered and list the courses included in program
IE BSc/IED/STEF/TEIC which have as courseType the value ‘Core.’.

Results show that program IE BSc/IED/STEF/TEIC includes 48 Core Courses, (of the total of
64 Courses as shown in Query 19A) with course’s IRI and course’s name listed.

SELECT ?CS ?CSname
WHERE { ?CS rdf:type ccso:Course .
OPTIONAL { ?CS ccso:csName ?CSname } .
?PS ccso:includesCourse ?CS .
?CS ccso:courseType ?CStype .
FILTER (regex(str(?PS), "CS BSc/CSD/SSE/UoC") && regex (str (?CStype),
"Core")) . }
ORDER BY ?CS

I Cs

®)

CSname

||htm.

(xworks. gr/ontologies/ceso#CS100/CS

BSc/CSD/SSEUoC

"Introduction to Computer Science™"~<http://www.w3.org/2001/XMLSchema#string>

||htm:

lxworks.or/ontologies/ccso#CS108/CS

BSc/CSD/SSEToC

"English I"#**chttp://wuw.w3.org/2801/XMLSchemas#string>

||htm:

(lxworks. gr/ontologies/ceso#CS109/CS

BSc/CSD/SSEMToC

"English II"**<http://wew.w3.org/2861/XMLSchema#string>

(xworks. gr/ontologies/ceso#CS5110/CS

BSc/CSD/SSEUoeC

||htm.

"Calculus I"~*<http://waw.w3.org/2081/XMLSchemas#string>

||htm:

lxworks. or/ontologies/ccso#CS118/CS

BSc/CSD/SSEToC

"Discrete Mathematics"~<http://www.w3.org/2081 /XML Schema#string>

||htm:

(lxworks. gr/ontologies/ceso#CS5119/CS

BSc/CSD/SSEToC

“Linear Algebra"~*<http://www.w3.org/2081/XML5chema#string>

||htm.

(xworks. gr/ontologies/ceso#CS5120/CS

BSc/CSD/SSEUoC

"Digital Design"~"<http://www.w3.org/2081/XMLSchema#string>

||htm:

lxworks. or/ontologies/ceso#CS150/CS

BSc/CSD/SSEUoC

"Brogramming”**<http://www. w3 . org/2001/ XML chema#string>

(lxworks. gr/ontologies/ccso#CS180/CS

BSc/CSD/SSEMToC

||htm:

"Logic"~t<http: //wew.w3.org/ 2001/ XMLSchemag#string»

||ht‘m:

/xworks. gr/ontologies/ccsoCS208/CS

BSc/CSD/SSEUoC

“English III"~~<http://www.w3.org/2001/XMLSchemagstrings

||htm:

lxworks. or/ontologies/ceso#CS209/CS

BSc/CSD/SSEUoC

"English IV"~*<http://www.w3.org/2001/XMLSchemas#string>

Comment: Results show that program CS

BSc/CSD/SSE/UoC includes 24 Core Courses, with

course’s IRI and course’s name listed, in a total of 60 Courses in the program (Query 19B).

-

20.Which are the prerequisites of a Course?

A)

SELECT ?CS ?CSprerequisite ?CSprerequisitename
WHERE { ?CS rdf:type ccso:Course .
?CS ccso:hasPrerequisite ?CSprerequisite
OPTIONAL { ?CSprerequisite ccso:csName ?CSprerequisitename }
FILTER regex (str(?CS), "TP10Kl/IE BSc/IED/STEF/TEIC") . }
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SELECT ?CS ?CSprerequisite ?CSprerequisitename
WHERE { ?CS rdf:type ccso:Course .
?CS ccso:hasPrerequisite 2CSprerequisite .
OPTIONAL { ?CSprerequisite ccso:csName ?CSprerequisitename } .
FILTER regex{str(?CS), "TP10K1/IE_BSc/IED/STEF/TEICY) . )

CS 2C Sprerequisite 2C Sprerequisitename

0 results

Comment: In this query the course TP10K1/IE BSc/IED/STEF/TEIC is tested. The query
returns 0 results which mean that course TP10K1 does not have any prerequisites.

SELECT ?CS ?CSprerequisite ?CSprerequisitename
WHERE { ?CS rdf:type ccso:Course

B ?CS ccso:hasPrerequisite ?CSprerequisite
OPTIONAL { ?CSprerequisite ccso:csName ?CSprerequisitename }
FILTER regex (str(?CS), "CS240/CS BSc/CSD/SSE/UoC") . }
CS CSprerequisite CSprerequisitename

http://xworks.gr/ontologies/ccso#C3240/CS BSc/CSDYSSE/UoC http://xworks.gr/ontologies/ccso# CS100/CS BSc/CSD/SSEToC "Introduction to Computer Science™”
hrp://xworks.er/ontologies/ceso# CS240/CS BSc/CSD/SSE/ Uol [hitp:/xworks.gr/ontologies/cesof CS150/CS BSc/CSD/SSE Uol "Programming™®

Comment: In this query the course CS240/CS BSc/CSD/SSE/UoC is tested. Results show that
course CS240 has 2 prerequisites: CS100-Introduction to Computer Science &
CS150-Programming

21.Which Courses have prerequisites (and what are they) in a study program?

SELECT ?CS ?CSname ?CSprerequisite ?CSprerequisitename
WHERE { ?CS rdf:type ccso:Course
?CS ccso:csName ?CSname
?CS ccso:hasPrerequisite ?CSprerequisite

G» ?CSprerequisite ccso:csName ?CSprerequisitename
?CS ccso:includedIn ?PS
FILTER regex(str(?PS), "CS BSc/CSD/SSE/UoC") . }
ORDER BY ?CS
SELECT 2CS ?CSname ?CSprer isite 2CSprer

WHERE { 2CS rdf:type ccso:Course .

2CS ccso:csName ?CSname .

?CS ccso:hasPrerequisite 2CSprerequisite .

?CSprerequisite ccso:csName ?CSprerequisitename .

?CS ccso:includedIn ?PS .
FILTER regex(str(?PS), "CS_BSc/CSD/SSE/UoC”) .}
ORDER BY 2CS
?CSname ?CSprerequisite ?C Sprerequisitename
<http://xwerks.gr/ontelogies/ccse# 5109/ CS_BSc/CSD/SSE/U... English I* *xsd:string
<http://xwerks.grfentologies/ccso#C5208/CS BSc/CSD/SSE/U... English II*Axsdistring
<http://xworks.gr/ontologies/ccso#CS110/CS_BSc/CSD/SSEAU... Caleulus I* *xsd:string
<http://xwerks.gr/ontelogies/ccse#C5110/CS_BSc/CSD/SSE/U... Calculus I* *xsdistring
<http://xwerks.grfentologies/ccso#C5120/CS_BSc/CSD/SSE/U... Digital Design” *xsdistring e
<http://xworks.gr/ontologies/ccso#C5120/CS_BSe/CSD/SSE/U... Digital Design” “xsd:string
<http://xwerks.gr/ontelogies/ccse# C5100/CS_BSc/CSD/SSE/U... Intreduction to Computer Science” “xsd:stri
<http:/xwerks.grfentologies/ceso#C5150/C5_BSc/CSD/SSE/U... Programming ™ *xsdistring
<http://xworks.gr/ontologies/ccso#CS150/CS_BSe/CSD/SSE/U... Programming ™ “xsd:string

2cs
<http:/ frworks.gr/ ontologies/cese#C5208/CS_BSc/CSD/SSEA... English I *xsdistring
<http:/ frworks.gr/ ontologies/cese#C5209/CS_BSc/CSD/SSE/... English W+ ~xsdistring
<http:/ fworks.gr/ ontalogies/ccso#C5215/CS_BSc/CSD/SSE/U... Applied Mathematics for Engineers® *xsd:string
<http:/ frworks.gr/ ontelogies/cese#C5217/CS_BSc/CSD/SSEA... Probability* *xsdistring
[« hitp:/ frworks.gr/ ontolegies/cese#C5220/CS_BSc/CSD/SSE/U... Digital Circuits Lab” “xsdkistring
[« http:/ fxworks.gr/ ontalogies/ccso#C5225/CS_BSc/CSD/SSE/U... Computer Organization” *xsd:string
[< hitp:/ frworks.gr/ entologies/cese#C5240/CS_BSc/CSD/SSEAU... Data Structures” *xsdistring
< hitp:/ frworks.gr/ ontelogies/cese#C5240/CS_BSc/CSD/SSEA... Data Structures” Axsdistring
<httpi//xworks.gr/ ontalagies/ccso#C5252/CS_BSc/CSD/SSE/U... Object-Oriented Pragramming* “xsdistring

60 results

Comment: In this query the study program Bsc Computer Science/CS BSc/CSD/SSE/UoC IS
tested. We notice that study program CS_BSc/CSD/SSE/UoC has 60 courses that require

knowledge from other courses as prerequisites.
For example, some inferences that can be drawn from the results are that course CS240-Data

Structures has courses CS100—-Introduction to Computer Science & CS150-
Programming as prerequisites (Point 1) and course CS120-Digital Design is prerequisite in
2 courses: CS220-Digital Circuits & CS225-Computer Organization (Point 2).
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SELECT ?CS ?CSname ?CSprerequisite ?CSprerequisitename
WHERE { ?CS rdf:type ccso:Course .
?CS ccso:csName ?CSname .
?CS ccso:hasPrerequisite ?CSprerequisite
?CSprerequisite ccso:csName ?CSprerequisitename
?CS ccso:includedIn ?PS

®)

FILTER regex (str(?PS), "IE BSc/IED/STEF/TEIC") . }
ORDER BY ?CS
CS CSname CSprerequisite CSprerequisitename
|htl'p:.... ccsoR TP20KE4/TE BSc/IED/STEE/TEIC "Data Structures” http:/.../ccso# TP10KA/IE BSc/IED/STEF/TEIC |"Programming”
|http:/.../ccsof TP20K7/IE BSc/IED/STEE/TEIC |"Discrete Mathematics" http:/.../ccso# TP10KS/IE BSc/IED/'STEETEIC ["Calculus"
|htrp:.... ccsod TP30KS/IE BSc/IED/STEF/TEIC |"&pplied Mathematics" http:/.../ccse# TP10KS/IE BSc/IED/STEF/ TEIC |"Calculus"
hitp://__/ccsof TP4OK4/TE BScTEDSTEETEI| f-rRciples of Software hitp://__/ccso¥ TPLOK4/TE BSc/TED/STEF/TEIC |" Programming”
Englineesring
htipo/.../ccsof TP40KS/TE BSc/IED/STEF/TEIC |"Linear Algebra" http:/.../ccso# TPI0KS/IE BSc/IED/'STEF/TEIC |"2pplied Mathematics"™
http://_/ccsod TRPS0LYTE BSc/TED/STEF/TEIC |"Plan-Driven and Agile Programming"™ |hip/ /ccso# TP10K4/TE BSc/TED/'STEF/TEIC |"Programming™
http:/._./ccsof TP6OD1/TE BSc/IED/STEF/TEIC |"Computer Networks II" http://._./ccso# TP40K2/TE BSc/ IED/STEF/TEIC |"Computer Networks"
http://../ccso¥ TPGOD3/IE BSc/ED/STEF/TEL | oltimedia Application http://.../ccso# TP40K3/IE. BSc/IED/STEE/TEIC |"Internet Programming”
Development
htp:/.../ccsof TPEOLLIE BSc/IED/STEFTEIC |"Bdvanced Topics in Databases" htp:/.../ccsof TP30K2/IE B8/ IED/STEF/TEIC |"Databases"
http://.. /ccsoE TPEOLYTE BSc/TED/STEFTEIC "Artificial Intelligence" http://.. /ccsof TPS0L3/TE BSc/TED/STEFTEIC |"Logic Programming"
http:/.../ccse# TPTOLLIE BSc/IED/STEFTEIC "Fnowledge Systems" http-//../ccso¥ TP60L2/IE BSc/IED/STEE/TEIC | ~roificial

Intelligence"

Comment: In this query the study program Bsc Informatics Engineering/IE BSc/IED/

STEF/TEIC is tested. The query results 11 courses, in the study program

IE BSc/IED/STEF/TEIC, which have prerequisites and the answer includes course’s IRI,

course’s name, prerequisite-course’s IRI, and prerequisite-course’s name.

For example, some inferences that can be drawn from the results are that course TP20K4-Data

Structures has course TP10K4 — Programming as prerequisite (Point 1)

and course

TP10K5—-Calculus is prerequisite in 2 courses, the TP20K7 — Discrete Mathemetics &

TP30K5 — Applied Mathematics (Point 2).

22.Which Courses cover a Knowledge Area?

SELECT ?CS ?CSname
WHERE { ?CS rdf:type ccso:Course .
OPTIONAL { ?CS ccso:csName ?CSname } .
?CS ccso:coversKA ?KA .
?KA ccso:fsName ?KAname .
FILTER regex (str (?KAname), "Networking and Communication")
ORDER BY ?CS

SELECT ?CS ?CSname
WHERE { ?CS rdf:type ccso:Course .
?CS ccso:csName ?CSname .
?CS cocso:coverskA TKA .
?KA ccso:fsName ?KAname .
FILTER regex(str(?KAname), "Networking and Communication™) . 7}
ORDER BY ?CS

A

?CS
<http://xworks.gr/ontologies/ccso#CS5330/C5_BSc/CSD/SSE/UoC
<http://xworks.gr/ontologies/ccso#C5370/C5_BSc/CSD/SSE/UoC
<http://xworks.gr/ontologies/ccso#C5435/C5_BSc/CSD/SSE/UoCx
<http:/xworks.gr/ontologies/ccso#C5436/C5_BSc/CSD/SSE/UoCx
<http://xworks.gr/ontologies/ccso#C5439/C5_BSc/CSD/SSE/UoCx
<http://xworks.gr/ontologies/ccso#C5474/C5_BSc/CSD/SSE/UoCx
<http://xworks.gr/ontologies/ccso#IM102/IM_MSc/IED/STEF/TEIC>
<http://xworks.gr/ontologies/ccso#IM103/IM_MSc/IED/STEF/TEIC>
<http:/oworks.gr/ontologies/ccso#IM202/IM_MSc/IED/STEF/TEIC >

27 results

?CSname
Introduction to Telecommunication Theory ™ “xsd:string
Digital Signal Processing ™ *xsd:string
MNetwork Technology & Programming Lab ™ “xsd:string
Software Defined Metworks (SDN)* *xsdistring
Wireless Networks and Mablile Computing ® “xsd:string
Multimedia Technology® “xsdistring
Computer Networks " “xsdistring
Advanced Multimedia Technologies” “xsd:string

Wireless Networks* *xsd:string
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Comment: In this query the knowledge area ‘Networking and Communication’ is tested.
Results show that KA ‘Networking and Communication’is covered in 27 Courses that

included in different study programs (it is infered from the Course’s IRI), with course’s IRI and
course’s name listed.

SELECT ?CS 7?CSname
WHERE { ?CS rdf:type ccso:Course
OPTIONAL { ?CS ccso:csName ?CSname }
(B) ?CS ccso:coversKA ?KA .
?KA ccso:fsName ?KAname
FILTER regex (str (?KAname), "Programming Languages") . }
ORDER BY ?CS

| Cs | CSname
!htrp xworks gr'ontologies/cecso2 C8150/C8_BSe/CED/ESE Tal | "Programming™

|htrD:.-".-'xworks.g1. ontologies/ccso=C8240/C5_BSe/CSD/SSE ol | "Data Structures"”
|htrn:.-".-"xworks or'ontologies/cczo=C8232/CS BSe/CSD/SSEUal | "Object-Oriented Programming™

!htrp:.-".-'xworks sr'ontologies/ceso2C8317/C8 BEc/CED/SSE Uol | "Applied Stochastic Processes"

|htrn:.-".-'xworks.g1. ontologies/ccso2C8340/CS_BSe/CSD/SSE ol | "Languages and Compilers™
|httD imworks gr'ontologles/ceso=C8342/CS BSe/CSD/SSETol | "Parallel Programming™

!htrn <//mworks.gy'ontologies/ccso# C8380/C8_BSc/CSD/SSEUaC | "Algorithms and Complexity"”

|htrr3:.-".=xworksg1 ontolog;es ceso2C8387/CS BSc/CSD/SSE ol |"Introduction to Artificial Intelligence"™

BSc/CSDVSSE TUoll |"Pr1nc1p1es of Distributed Computing™

or'ontologies/ceso2 TP10K4A/ TE_BSc/ TED/STEF” TEIC|"Pr0gra.mm1ng
|htrn:.-".=xworks or/ ontolog;es ceso2 TPROK4A/TE EBSc/ TED/STEF TEIC | "Algorithms"
f ZTPA0K3/TIE BSc/TED/STEES T'E,IC|"Internet Programming™

Comment: In this query the knowledge area ‘Programming Languages’ is tested. Results
show that KA ‘Programming Languages’ Is covered in 12 Courses that included in different
study programs, with course’s IRI and course’s name listed..

23.Which Courses cover a Topic?

SELECT ?CS ?CSname ?Topiclabel
WHERE { ?CS rdf:type ccso:Course
OPTIONAL { ?CS ccso:csName ?CSname }
?CS ccso:hasSyllabus ?SL
?SL ccso:coversTopic ?Topic
G» ?Topic rdf:type ccso:Topic
OPTIONAL { 7?Topic ccso:label ?Topiclabel }
FILTER (regex(str (?Topiclabel), "Multiple Access") || regex
(str (?Topiclabel), "multiple access")) .}
ORDER BY ?CS

SELECT 2CS ?CSname ?Topiclabel
WHERE { ?CS rdf:type ccso:Course .
OPTIOMNAL { ?CS ccso:csName ?CSname .
?CS ccso:hasSyllabus 751 .
7?51 coso:coversTopic ?Topic .
?Topic rdf:type ccso:Topic .
OPTIONAL { ?Topic ccso:label ?Topiclabel } .
FILTER (regex(str(?Topiclabel), "Multiple Access”) || regex(str(?Topiclabel), "multiple access™)) . ¥
ORDER BY ?CS
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CS ?CSname FTopiclabel
<http:/eworks.gr/ontelogies/ccso#C5335/C5_ BSc/CSD/SSE/UoC>  Computer Networks® “xsdistring Multiple Access Problem ™ "xsdistring
<http:/eworks.gr/ontelogies/ccso#C5335/C5_ BSc/CSD/SSE/UoC>  Computer Networks® “xsdistring Common approaches to multiple access
<http:/eworks.gr/ontologies/ccso#CS435/C5_BSc/CSD/SSE/UoC>  Metwork Technology & Programming Lab™ *xsdistring  Multiple Access Problem® “xsd:string
<http:/seworks.gr/ontologies/coso#C5435/C5_B5c/CSD/S5E/UoC>  Metwork Technology 8 Programming Lab® *xsdistring Cormmon approaches to multiple access

<http:/feworks.gr/ontologies/ccsofIM102/IM_MSc/IED/STER/TEIC>  Computer Networks® “xsd:string Multiple Access Problem ™ "xsdistring
<http:/feworks.gr/ontologies/ccsofIM102/IM_MSc/IED/STER/TEIC>  Computer Networks® “xsd:string Common approaches to multiple access
<http:/seworks.gr/ontologies/ccso# TP40K2/IE_BSc/IED/STER/TEIC>  Computer Networks® “xsd:string Multiple Access Problem ™ "xsdistring

<http:/seworks.gr/ontologies/ccso# TPS0D2/IE_BSc/IED/STER/TEIC>  Wireless Communication TransmissionStructures® *xsd:... Multiple Access Problem® “xsd:string

9 results
Comment: In this query the topic ‘Multiple Access’ is tested, with both versions of topic’s
name (first letter capital and not), because Snap SPAQL plugin is case sensitive. Results show

that Topics relevant to ‘Multiple Access’ subject are covered in 9 Courses with course’s IRI,
course’s name and Topic’s name listed.

SELECT ?CS ?CSname ?Topiclabel
WHERE { ?CS rdf:type ccso:Course
OPTIONAL { ?CS ccso:csName ?CSname }
?CS ccso:hasSyllabus ?SL
B ?SL ccso:coversTopic ?Topic
( ) ?Topic rdf:type ccso:Topic
OPTIONAL { ?Topic ccso:label ?Topiclabel }
FILTER (regex (str (?Topiclabel), "inheritance") || regex(str (?Topiclabel),
"Inheritance™)) . }

ORDER BY ?CS

CSname Topiclabel
5 "Programming"™ "Subclasses, inheritance, and method overriding®
http.//xworks.gr'ontologies/ceso#C3252/C3_BSc/CSD/SSE ol |"Cbject-Criented Programming” "Subclasses, inheritance, and method overriding"
http:/xworks gr'ontologies/ccso=C8342/CS_BSe/CSD/SSE Ul |"Parallel Programming” "Subclasses, inheritance, and method overriding”

http://xworks.gr/ontologies/ccsoXIM20 1/IM_MSce/TED/STEFTEIC |("Data Structuresz and ARlgorithms" |"Subclassesz, inheritance, and method overriding"

http://xworks gr/'ontologies/ccso# TP20KE4/TE_BSc/TEDVSTEFTEIC |"Data Structures" "Subclasses, inheritance, and method overriding"
http://xworks. gr/'ontologies/ccso2 TPS0L3/TE_BSc/TED/STEFTEIC |"Logic Programming"” "Subclasses, inheritance, and method overriding™
http:xworks. gr/ontologies/ccsoX TPS0LS/TE_BSc/TED/STEF/TEIC |"Programming Languages" "Subclasses, inheritance, and method overriding”

http://xworks.gr/'ontologies/ccso2 TP60DS/IE_BSc/IEDVSTEF/TEIC |"Parallel Processing and Systems" |"Subclasses, inheritance, and method overriding"”

Comment: In this query the topic ‘inheritance’ is tested, with both versions of topic’s name
(first letter capital and not), because Snap SPAQL plugin is case sensitive. Results show that
Topics relevant to ‘inheritance’ subject are being covered in 8 Courses in 3 different study
programs, with course’s IRI, course’s name and Topic’s name listed.

24.Which Courses aim to a Learning Outcome?

SELECT ?CS ?CSname ?LOlabel
WHERE { ?CS rdf:type ccso:Course
OPTIONAL { ?CS ccso:csName ?CSname }
?CS ccso:hasSyllabus ?SL
?S3L ccso:aimsToLO ?LO
?LO rdf:type ccso:LearningOutcome
OPTIONAL { ?LO ccso:label ?LOlabel }
FILTER (regex(str (?LOlabel), "multiple access") || regex(str (?LOlabel),
"Multiple Access")) . }
ORDER BY ?CS

A)
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SELECT ?2CS ?CSname ?LOlabel
WHERE { ?CS rdf:type ccso:Course |
OPTIONAL { ?CS ccso:csName ?CSname .
?CS ccso:hasSyllabus ?5L .
7SL ccs0:aimsToLO ?LO .
7LO rdf:type ccsoiLearningOutcome .
OPTIONAL { 7LO ccso:label 2LOlabel } .
FILTER (regex(str{?LOlabel), "multiple access™) || regex(s
ORDER BY ?2CS

CS
<http://xworks.gr/ontologies/ccso®C5335/C5_BSc/CSD/SSEUoC>
<http://xworks.gr/ontologies/ccso#C5435/CS_BSc/CSD/SSE/UoC>
<http://xworks.gr/ontologies/ccso#IM102/IM_MSc/IED/STEF/TEIC>
<http://xworks.gr/ontologies/ccso#TPA0K2/IE_BSc/|ED/STEF/TEIC>

4 results

tr(?LOlabel), "Multiple Access™) .}

ZCSname ZL0label
Computer Metworks" “xsdistring Describe the steps used in one commaen approach to the multiple access problem®?
Metwork Technelogy & Programming Lab® *x... Describe the steps used in ene common appreach te the multiple access problem ™
Computer Networks* *xsd:string Describe the steps used in one commen approach to the multiple access problem™*
Computer Networks* *xsd:string Describe the steps used in one commen approach to the multiple access problem ™ *

Comment: In this query the learning outcome ‘Multiple Access’ is tested, with both versions

of topic’s name (first letter capital

and not), because Snap SPAQL plugin is case sensitive. Results

show that 4 Courses in 3 different study programs has subject ‘Multiple Access’ as Learning
Outcome, with course’s IRI, course’s name and LO’s name listed.

SELECT ?CS ?CSname ?LOlabel
WHERE { ?CS rdf:type ccso:Course
OPTIONAL { ?CS ccso:csName ?CSname }
?CS ccso:hasSyllabus ?SL

(B) ?SL ccso:aimsToLO
?LO rdf:type ccso:

?LO
LearningOutcome

OPTIONAL { ?LO ccso:label ?LOlabel }
FILTER (regex (str (?LOlabel), "object-oriented") || regex(str (?LOlabel),

"Object-Oriented")) .}
ORDER BY ?CS

CS

CSname LOlabel
nProgramming” "Compare and contrast the procedural/functional approach
g 1ng and the object-oriented approach"”
"Object-Oriented "Compare and contrast the procedural/functional approach
Programming” and the object-oriented approach”

"Compare and contrast the procedural/functional approach

"Parallel Programming"”
g g and the object-oriented approach"”

"Compare and contrast the procedural/functional approach

-txworks.or fecsol ! TED/ : n ing"
http://‘wworks. gr'ontologes/ceso2 TR10K4/TE_BSc/IED/STEF TEIC |"Programming and the object_oriented approachn

http:/‘xworks. gr'ontologies/'ceso2 TP20E4/TE_BSc/IED/'STEF/ TE!

"Compare and contrast the procedural/functional approach

"Data Structures”
IC and the object-oriented approach"”

http:/‘xworks. griontologies/ceso=2 TPA0K4/TE_BSc/IED/'STEETEIC |

"Principles of Software |"Compare and contrast the procedural/functional approach

Engineering” and the object-oriented approach"”

Comment: In this query the learning outcome ‘Object-Oriented’ is tested, with both versions
of topic’s name (first letter capital and not). Results show that 6 Courses has subject ‘Object-
Oriented’ as Learning Outcome in 2 different study programs, with course’s IRI, course’s

name and LO’s name listed.

25.How many credits has a Student got so far?

SELECT ?Std (SUM(?CScredit) AS ?completedCredits)

WHERE { ?CS rdf:type ccso:Course

OPTIONAL { ?CS ccso:csName ?CSname }
?CS ccso:hasSyllabus ?SL

A ?SL ccso:creditsECTS ?CScredit
?Std ccso:hasCompleted ?CS
?Std rdf:type ccso:Student
FILTER regex(str(?Std), "Starkeiou Vakis") . }

GROUP BY ?Std
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SELECT ?std (SUM(?CScredit) AS ?completedCredits)
WHERE { ?CS rdf:type ccso:Course .
OPTIONAL { ?CS ccso:csName ?CSname } .
?CS ccso:hasSyllabus 250 .
?5L ccsocreditsECTS ?CScredit .
?Std ccso:hasCompleted 7CS .
?std rdf:type ccso:Student .
FILTER regex(str(?Std), "Starkeiou_Wakis™) . 7}
GROUP BY ?Std

?5td P ?completedCredits
<http://xwaorks.gr/ontelogies/coso®Starkeiou_Vakis> w

1 results

Comment: In this query the student Starkeiou Vakis is tested. Results show that student
Starkeiou Vakis has currently 40 ECTS credits total from the completed courses.

SELECT ?8td (SUM(?CScredit) AS ?completedCredits)
WHERE { ?CS rdf:type ccso:Course
OPTIONAL { ?CS ccso:csName ?CSname }
?CS ccso:hasSyllabus ?SL .
B ?SL ccso:creditsECTS 2CScredit
?Std ccso:hasCompleted ?CS
?Std rdf:type ccso:Student
FILTER regex(str(?Std), "Vassileiou Marcela") . }
GROUP BY ?Std

Std completedCredits

http://xworks.or/ontologies/'cosofVassileion Marcela .:E;.";.

Comment: In this query the student Vassileiou Marcela is tested. Results show that student
Vassileiou Marcela has currently 60 ECTS credits total from the completed courses.

26.Can a Student enroll in a Course?

In first example, the scenario examines if student Starkeiou Vakis can enroll in course
CS240/CS_BSc/CSD/SSE/UoC. In order to enroll in a course, the student should have
completed all prerequisites of this course, if any.

SELECT ?CS ?CSprerequisite ?CSprerequisitename
WHERE { 2CS rdf:type ccso:Course .
?CS ccso:hasPrerequisite ?CSprerequisite .
OPTIONAL { ?CSprerequisite ccso:csName ?CSprerequisitename J .

FILTER regex(str(2CS), "C5240/CS_BSc/CSD/SSE/UoC") .}
(Al) CS ?C Sprerequisite ?C Sprereguisitename
<http://xworks.gr/ontologies/ ccso*C5240/C5_BSc/CSD/S5E/UoC> <http://xworks.gr/ontologies/ ccso#C5100/C5_BSc/CSD/SSE/MoC> Introduction to Computer Science” "xsdistring
<http:/fworks.gr/ontologies/ ccsoFC5240,/C5_BSc/CSD/S5E/UoC> <http:/rworks.gr/ontologies/ ccsoFC5150/C5_BSc/CSD/SSE/UoC> Programming ™ *xsd:string

2 results

Comment Al: First, the course CS240/CS_BSc/CSD/SSE/UoC is tested for
prerequisites. Results show that course CS240/CS_BSc has 2 prerequisites, the courses
CS100 & CS150.
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SELECT ?CSprerequisite
WHERE { ?CSprerequisite rdf:type ccso:Course |
2CS rdf:type cocso:Course .
?CS ccso:hasPrerequisite 2CSprerequisite .
?STD rdf:type ccso:Student .
(A2) FILTER (NOT EXISTS{ ?STD ccso:hasCompleted ?CSprerequisite } ).
FILTER (reaex(str(?C5), "CS240/C5_BSc/CSD/SSE/MoC") && regex(str(?S5TD), "Starkeiou_Vakis™))

?CSprerequisite

Comment A2: Next, the ontology is queried for prerequisites of course
CS240/CS_BSc/CSD/SSE/UoC that student Starkeiou Vakis has not completed
(filter NOT EXISTS). The ontology returns no results, which means that student
Starkeiou Vakis has completed all the prerequisite courses of course CS240. This

query is used to verify the result of the next query below.
ASK { ?CSprerequisite rdf:type ccso:Course
?CS rdf:type ccso:Course
?CS ccso:hasPrerequisite ?CSprerequisite
(A3 ?STD rdf:type ccso:Student
FILTER (NOT EXISTS{ ?STD ccso:hasCompleted ?CSprerequisite } ).
FILTER (regex (str (?CS), "CS240/CS BSc/CSD/SSE/UoC") &&
regex (str (?STD), "Starkeiou Vakis")) }

ASK { ?CSprerequisite rdf:type ccso:Course .
2CS rdf:type ccso:Course .
2CS ccso:hasPrerequisite ?CSprerequisite .
?STD rdf:type ccso:Student .
FILTER (NOT EXISTS{ ?STD ccso:hasCompleted 2CSprerequisite } ).
FILTER (regex(str(?CS), "C5240/C5_BSc/CSD/SSE/MoC") && regex(str(?STD), "Starkeiou_Vakis™)) ¥

Result

False

Comment A3: Finally, the ontology is asked (ASK query) if there are any prerequisites of course
‘CS240/CS_BSc/CSD/SSE/UoC’ that student Starkeiou Vakis has not completed (filter
NOT EXISTS). The ontology returns FALSE which means that there no prerequisites of course
CS240 that student Starkeiou Vakis has not completed. Therefore, student

Starkeiou Vakis can enroll in course CS240.

It must be noted that Snap SPARQL Query plugin does not support ASK query neither the
negation NOT EXISTS, thus the SPARQL Query plugin is used instead.

In second example, the scenario examines if student Starkeiou Nick can enroll in course
‘CS240/CS_BSc/CSD/SSE/UoC’. In order to enroll in a course, the student should have
completed all prerequisites of this course, if any.

SELECT ?CS ?CSprerequisite ?CSprereguisitename
WHERE { 2CS rdf:type ccso:Course .
2CS ccso:hasPrerequisite ?CSprerequisite .
OPTIONAL { ?CSprerequisite ccso:csName ?CSprerequisitename } .
FILTER regex(str(?CS), "C5240/CS_BSc/CSD/SSE/UoC") .}

(Bl) 7CS ?CSprerequisite ?CSprerequisitename

<http://xworks.gr/ontologies/ccsoFC5240/C5_BSc/CSD/SSE/UoC> <http://xworks.gr/ontelogies/ ccso#CS5100/C5_BSc/CSD/SSE/MoC> Introduction to Computer Science” “xsdistring
<http://xworks.gr/ontologies/ccso#C5240/C5_BSc/CSD/SSE/UoC> <http://xworks.gr/ontologies/ceso#CS150/C5_BSc/CSD/SSE/UoC> Programming* *xsd:string

2 results

Comment B1: First, the course ‘CS240/CS_BSc/CSD/SSE/UoC’ is tested for
prerequisites. Results show that course C5240/CS BSc has 2 prerequisites, course CS100
& CS150.
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SELECT ?CSprerequisite
WHERE { ?CSprerequisite rdf:type ccso:Course .
?CS rdfitype ccso:Course .
?CS cosohasPrerequisite ?CSprerequisite .
?5TD rdf:type ccso:Student .
FILTER (NOT EXISTS{ ?STD ccso:hasCompleted ?CSprerequisite } ).
(BZ) FILTER (regex(str(?CS), "CS240/C5_BSc/CSD/SSE/UoC") && regex(str(?5TD), "Starkeiou_MNick™)) 7}

?C Sprerequisite
C5150/CS_BSc/CSD/SSE/UoC

Comment B2: Next, the ontology is queried for the prerequisites of course
‘CS240/CS BSc/CSD/SSE/UoC’ that student Starkeiou Nick has not completed
(filter NOT EXISTS). The ontology returns 1 result, course CS150, which means that
student Starkeiou Vakis has not completed all the prerequisite courses of course
CS240. This query is used to verify the result of the next query below.

It must be noted that Snap SPARQL Query plugin does not support ASK query

neither the negation NOT ExISTS, thus the SPARQL Query plugin is used instead.

ASK { ?CSprerequisite rdf:type ccso:Course
?CS rdf:type ccso:Course
?CS ccso:hasPrerequisite ?CSprerequisite
B3 ?STD rdf:type ccso:Student
FILTER (NOT EXISTS{ ?STD ccso:hasCompleted ?CSprerequisite } ).
FILTER (regex(str(?CS), "CS240/CS BSc/CSD/SSE/UoC") &&
regex (str (?STD), "Starkeiou Nick")) }

ASK { ?CSprerequisite rdf:type ccso:Course .
?CS rdf:type ccso:Course .
?CS cosothasPrerequisite 2CSprerequisite .
?STD rdf:type ccso:Student .
FILTER (NOT EXISTS{ ?STD ccso:hasCompleted ?CSprerequisite J ).
FILTER (regex(str(?CS), "C5240/CS_BSc/CSD/SSE/UoC™) && regex(str(?STD), "Starkeiou_Nick™)) 7}

Result
True

Comment B3: Finally, the ontology is asked (ASK query) if there are any prerequisites of course
‘CS240/CS_BSc/CSD/SSE/UoC’ that student Starkeiou Nick has not completed (filter NOT
EXISTS). The ontology returns TRUE, which means that there is at least one prerequisite of
course CS240 that student Starkeiou Nick has not completed. Therefore, student
Starkeiou Nick can not enrollin course CS240.
In third example, the Virtuoso SPARQL endpoint is used and the scenario examines if student
Vassileiou Marcela can enroll in course ‘TP40K4/IE BSc/IED/STEF/ TEIC’. In order
to enroll in a course, the student should have completed all prerequisites of this course, if any.
ASK { ?CSprerequisite rdf:type ccso:Course

?CS rdf:type ccso:Course
?CS ccso:hasPrerequisite ?CSprerequisite

(@1} ?STD rdf:type ccso:Student
FILTER (NOT EXISTS{ ?STD ccso:hasCompleted ?CSprerequisite } ).
FILTER (regex(str (?CS), "TP40K4/IE_BSC/IED/STEF/TEIC") &&
regex (str (?STD), "Vassileiou Marcela")) }
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ASK { ?CSprerequisite rdf:type ccso:Course .
?C5 rdf:type ccso:Course .
?C5 ccso:hasPrerequisite ?CSprerequisite .
?5TD rdf:type ccso:Student .
FILTER (MOT EXISTS{ ?5TD ccso:hasCompleted ?CSprerequisite } ).
FILTER (regex(str(?CS), "TP4@K4/IE BSc/IED/STEF/TEIC") && regex(str(?STD}, "Vassileiou Marcela")) T

| Run Query || Reset |

Cabse>

Comment: The ontology is asked (ASK query) if there are any prerequisites of course
TP40K4/IE BSc/IED/STEF/TEIC that student Vassileiou Marcela has not completed
(filter NOT EXISTS). The ontology returns FALSE which means that there no prerequisites of
course TP40K4 that student Vassileiou Marcela has not completed. Therefore, student
Vassileiou Marcela canenrollin course TP40K4.

27.Can a Person register in a study program for a degree?

In first example, the scenario examines if Assarioti Mellisandri can register in study
program MSc_School Psychology/SP MSc/PSY/SoC/UoC. Inorder to register in a study
program, the person should have at least one of the required degrees.

SELECT ?PSprerequisite 2PSprerequisitename
WHERE { ?PSprerequisite rdf:type ccso:ProgramofStudy .
?P5S rdfitype ccso:ProgramofStudy .
?PS cocso:requiresProgram ?PSprerequisite .
(Al) OPTIONAL { ?PSprerequisite ccso:psName ?PSprerequisitename 7} .
FILTER regex(str{?P5), "MSc_School_Psychology/SP_MSc/PSY/SoC/UoC™) . ¥}

?PSprerequisite ?PSprerequisitename
<http:/aworks.gr/ontologies/ccso#B5c_Psychology/P5SY_BSc/5eC/UeC>  Bachelor of Science (B5c) in Psycholegy of Psychology Department ..

Comment Al: First, the study program

MSc_School Psychology/SP_MSc/PSY/SoC/ UoC is tested for required degrees.
Results show that study program MSc School Psychology/SP MSc requires the
degree BSc in Psychology.

SELECT ?PSprerequisite ?PSprerequisitename
WHERE { ?PSprerequisite rdf:type ccso:ProgramofStudy .
?PS rdf:type ccso:ProgramofStudy .
?PS cosorrequiresProgram ?PSprerequisite .
OPTIOMAL { ?PSprerequisite ccso:psName ?PSprerequisitename } .
?5TD rdf:type coso:Student .

(A2) ?5TD ccso:hasDegree ?CSprerequisite .
FILTER (regex(str(?PS), "MSc_School_Psychology/SP_MSc/PSY/SoC/UoC") && regex(str(?STD), "Assarioti_Mellisandri™)) }
?PSprerequisite ?PSprerequisitename
<http://xworks.gr/entologies/ccso®BSc_Psychelegy/PSY_BSc/SoC/UeC> Bachelor of Science (B5c) in Psychelegy of Psychelogy Department ...
1 results

Comment A2: Next, the ontology is queried for required degrees for study program
MSc_School Psychology/SP _MSc/PSY/SoC/UoC that Assarioti Mellisandri
has. The ontology returns one result that shows Assarioti Mellisandri has the
required degree BSc_Psychology for study program MSc_School Psychology.
ASK { ?PSprerequisite rdf:type ccso:ProgramofStudy .

?PS rdf:type ccso:ProgramofStudy .

A3 ?PS ccso:requiresProgram ?PSprerequisite .
?STD rdf:type ccso:Student .
?3TD ccso:hasDegree ?CSprerequisite
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FILTER (regex(str(?PS), "MSc School Psychology/SP MSc/PSY/SoC/UoC") &&
regex (str (?STD), "Assarioti Mellisandri'")) }

ASK { ?PSprerequisite rdf:type ccso:ProgramofStudy .

?PS rdf:type ccso:ProgramofStudy .

?PS cosocrequiresProgram ?PSprereguisite .
?STD rdf:type ccso:Student .

?STD ccso hasDegree ?2CSprerequisite .

FILTER (regex(str(?PS), "MSc_School_Psychology/SP_MSc/PSY/SoC/UoC") && regex(str(?8TD), "Assarioti_Mellisandri™))  }

True

Result

Comment A3: Finally, the ontology is asked (ASK query) if Assarioti Mellisandri has
a required degree for study program MSc School Psychology. The ontology returns TRUE
which means that Assarioti Mellisandri has at least one of the required degrees.
Therefore, Assarioti Mellisandri can register in study program

MSc School Psychology

It must be noted that Snap SPARQL Query plugin does not support ASK query, thus the SPARQL
Query plugin is used instead.

In second example, the scenario examines if Raderis Jim can register in study program
MSc Informatics & Multimedia/IM MSc/IED/STEF/TEIC. In order to register ina
study program, the person should have one of the degrees that required.

B1)

B2

B3)

SELECT ?PSprerequisite ?PSprerequisitename
WHERE { ?PSprerequisite rdf:type ccso:ProgramofStudy .
?PS rdf:type ccso:ProgramofStudy .
?PS ccsoirequiresProgram ?PSprerequisite .
OPTIONAL { ?PSprerequisite ccso:psName ?PSprerequisitename } .
FILTER regex(str(?PS), "MSc_Informatics_&_Multimedia/IM_MSc/IED/STEF/TEIC™) .

?PSprerequisitename

?PSprerequisite
Bachelor of Science (B5c) in Computer Science of Computers Sciences Department (C5D)

<http://xworks.gr/ontologies/ccso®BSc_Computer_Science/C5_BSc/CSD/SSE/UoC>

< http://xworks.gr/ontologies/ccso#BSc_Informatics_Engineering/IE_BSc/TED/STEF/TEIC» Bachelor of Science (BSc) in Informatics Engineering of Department of Informatics Engine...

2 results

Comment B1: First, the study program MSc Informatics & Multimedia/IM MSc/
IED/STEF/TEIC is tested for required degrees Results show that study program

MSc Informatics & Multimedia/SP_ MSc requires the degrees

BSc Computer Science & Bsc Informatics Engineering (at least one of
them).

SELECT ?PSprerequisite ?PSprerequisi
WHERE { ?PSprerequisite rdf:type ccso:ProgramofStudy .
?P5 rdf:type ccso:ProgramofStudy .
?P5 cosoirequiresProgram ?PSprerequisite .
OPTIONAL { ?PSprerequisite ccso:psName ?PSprerequisitename } .
?5TD rdf:type ccso:Student .

757D ccso:hasDegree ?PSprerequisite |
FILTER (regex(str(?PS), "MSc_Informatics_&_Multimedia/IM_MSc/IED/STEF/TEIC") && regex(str(?STD), "Raderis_lim")) ¥

?PSprerequisite ?PSprerequisitename

<http:/fxworks.gr/ontelogies/ccso®BSc_Informatics_Engineering/IE_BSc/IED/STEF/TEIC>  Bachelor of Science (BSc) in Informatics Engineering of Department of Informatics Engineering...

1 results

Comment B2: Next, the ontology is queried for required degrees for study program
MSc Informatics & Multimedia/IM MSc/IED/STEF/TEIC that Raderis Jim
has. The ontology returns one result that shows Raderis _ Jim has the required degree

Bsc Informatics Engineering.
ASK { ?PSprerequisite rdf:type ccso:ProgramofStudy
?PS rdf:type ccso:ProgramofStudy
?PS ccso:requiresProgram ?PSprerequisite
?STD rdf:type ccso:Student
?3TD ccso:hasDegree ?PSprerequisite
FILTER (regex(str(?PS), "MSc Informatics & Multimedia/IM MSc/IED/
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STEF/TEIC") && regex(str(?STD), "Raderis Jim")) }

ASK { ?PSprerequisite rdf.type ccso:ProgramofStudy .
?PSs rdf:type ccso:ProgramofStudy .
?PS ccso:requiresProgram ?PSprerequisite .
?STD rdf:type ccso:Student .
?STD ccso:hasDegree ?PSprerequisite .
FILTER (regex(str(?PS), "MSc_Informatics_&_ Multimedia/IM_MSc/IED/STEF/TEIC") && regex(str(ISTD), "Raderis_1im")) }

Result
True

Comment B3: Finally, the ontology is asked (ASK query) if Raderis Jim has a required
degree for the study program MSc Informatics & Multimedia. The ontology returns TRUE
which means that student Raderis Jim has at least one of the required degrees. Therefore,
Raderis Jim can register in study program MSc_Informatics & Multimedia.

It must be noted that Snap SPARQL Query plugin does not support ASK query, thus the SPARQL
Query plugin is used instead.

In second example, the scenario examines if Lioni Catherine can register in study program
MSc Informatics & Multimedia/IM MSc/IED/STEF/TEIC. In order to register ina
study program, the student should have one of the degrees that required.

SELECT ?degreeTitle
WHERE { ?PR rdf:type foaf:Person .
?PR ccsothasDegree YPS .
OPTIOMAL { ?PS ccso:degreeTitle ?degreeTitle } .
FILTER regex(str(?PR), "Lioni_Catherine™) ¥

C1)
?deqgreeTitle
Bachelor of Science in Psycheology of University of Crete™ “xsdistring

1 results

Comment C1: As already has examined in Query 27B1, study program

MSc Informatics & Multimedia/IM MSc/IED/STEF/TEIC requires one of the
degrees BSc Computer Science & Bsc Informatics Engineering.

Thus, this query examines which degrees Lioni Catherine has. Results show that
Lioni Catherine hasthe degree Bachelor of Science in Psychology of
University of Crete.

SELECT ?PSprerequisite
WHERE { ?PSprerequisite rdf:type ccso:ProgramofStudy .
7PS rdf:type ccso:ProgramofStudy .
?PS ccso:requiresProgram ?PSprerequisite .
?5TD rdf:type ccso:Student .
?5TD ccso:hasDegree ?PSprerequisite .
(CZ) FILTER (regex(str(?PS), "MSc_Informatics_&_Multimedia/IM_MSc/IED/STEF/TEIC") &8& regex(str(?5TD), "Lioni_Catherine ")) 7}

?PSprerequisite
0 results

Comment C2: Next, the ontology is queried for required degrees for study program
MSc Informatics & Multimedia/IM MSc/IED/STEF/TEIC that

Lioni Catherine has. The ontology returns no results, which means

Lioni Catherine does not have any of the required degrees for
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MSc Informatics & Multimedia

ASK { ?PSprerequisite rdf:type ccso:ProgramofStudy .
?PS rdf:type ccso:ProgramofStudy .
?PS ccso:requiresProgram ?PSprerequisite .
«:3 ?STD rdf:type ccso:Student o
?STD ccso:hasDegree ?PSprerequisite
FILTER (regex(str(?PS), "MSc Informatics & Multimedia/IM MSc/IED/
STEF/TEIC") && regex(str(?STD), "Lioni Catherine")) }

ASK { ?PSprerequisite rdf:type ccso:ProgramofStudy .
?PS rdf:type ccso:ProgramofStudy .
?PS ccso:requiresProgram ?PSprerequisite .
?5TD rdf:type ccso:Student .
?5TD ccso:hasDegree ?PSprerequisite .
FILTER (regex(str(?P5), "Msc_Informatics_& Multimedia/IM_MSc/IED/ STEF/TEIC") && regex(str(?STD), "Lioni_Catherine™)) T

Run Query || Reset

Comment C3: Finally, the ontology is asked (ASK query) if Lioni Catherine has a required
degree for the study program MSc Informatics & Multimedia. The ontology returns
FALSE which means that Lioni Catherine has not at least one of the required degrees.
Therefore, Lioni Catherine cannot register in study program

MSc Informatics & Multimedia
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4.2. PRESENTATION

The final developed ontology comprises of 41 concepts in a taxonomy, 9 of which are the

top-level concepts of the ontology, namely the FieldofStudy, EducationalOrganization,

Person, ProgramofStudy, Course, Syllabus, Event, Topic and Resource (Figure 88).
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Figure 88: CCSO taxonomy and relationships
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It also includes 54 objects properties for establishing relations between concepts, 40 of
which are participating in 20 pairs of inverse object properties, and 76 data properties for

describing concepts characteristics in detail (Figure 89).

The generated ontology is also available online to be downloaded and reused at:

http://xworks.gr/ontologies.
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ierarchy: Object property hierarchy: Data property hierarchy:
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Figure 89: Classes and Properties of CCSO in Protégé
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Figure 90 depicts a thumbnail of CCSO Taxonomy which includes Classes of CCSO, their
properties and their relationships. A larger image can be found online at

http://xworks.gr/ontologies *°.
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Figure 90: CCSO Taxonomy with Classes, their properties and relationships
All entities are enriched with additional annotation information, written in two languages,
English and Greek, giving to ontology a bilingual character, as shown below in Figure 92. In

addition, the ontology enriched with a large number of instances in most of its classes.

% CCSO Taxonomy full version: http://xworks.gr/ontologies/CCSO_Taxonomy.png
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4.3. DOCUMENTATION

The last phase is the documentation of the ontology. Effective knowledge sharing and
reuse, requires adequate documentation. Skuce [101] pointed out that one of the main barriers
to effective knowledge sharing is the inadequate documentation of existing ontologies and
knowledge bases. To address this issue, Skuce proposed all important assumptions must be

documented, both the main concepts and the primitives used to describe the concepts.

Undoubtedly, providing sufficient documentation enhances the comprehension of the
ontology and makes it easier to be applied and reused by other users and applications. Based
on experience, many authors leave the documentation as the last task but that result in poorly
documented ontologies, with few or almost no comments. As a consequence, the
understanding and reuse of the ontology, even though it is consistent of terms and semantics,
is becoming difficult, especially for users not involved in their design (e.g. when a user

search for existing ontologies in the domain of his interest).

Considering this, documentation, like evaluation too, should be performed in parallel with
the whole ontology development lifecycle [102]. This approach has been followed in this
thesis: we performed the documentation along with the ontology development, from the
specification of the ontology purpose to the evaluation phase, as shown in Figure 91 where
the dotted lines indicate constant interaction. We provide internal and external

documentation with various pieces of information for the developed ontology.

Purpose Identification and
Requirement Specification

Evaluation and Ontology Capture Integrating Existing
Documentation ¢ Ontologies

Ontology
A A

Formalization

Formal Ontology

Figure 91: Ontology Development Process (source: Falbo et al.[102])
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Internal documentation includes information annotated in ontology elements as metadata.
Using the five pre-defined annotation properties that OWL provides, we attached useful
information on ontology elements. The property ‘rdfs:comment’ used to attach description
and clarification on all classes as well as object properties and data properties. We also used
the property ‘rdfs:label’ to add meaningful names to ontology elements. All classes and
properties have been written in two languages, English and Greek, giving to ontology a
bilingual character. Figure 92 illustrates the annotations of one class (point 1, yellow title
bar), one object property (point 2, blue title bar) and one data property (point 3, green title
bar).

Annotations: Course

Annotations
rdfs:label [language: ar]
MaBnua

rdfsilabel  [language: ar]
Zepvapio

rdfs:comment [language: en]
An institutional unit of teaching that lasts one academic term with a specific subject, usually is led by ane or more instructors and has a fizred group of students.

rdfs:comment [language: gr]

Mia povada didackohiog eknaideuTikow [dpupaTtog nou diapkel gvav akadnudiko eEaunvo Je éva ouykekpipévo Bépa, cuvnBug SiIGdoKeTar and évay 1 NEPICOOTEPOUE EKNAIBEUTEC Kal ar

orafBepr) opdda pabnTwy.

| Annotations: includedIn
2

Annotations
rdfs:comment [language: en]
A Course can be included in various Study Programs.

rdfs:comment [language: gr]
‘Eva MaBnua pnopsi va nepidapBdvetar os didpopa NpoypdupaTta Znoudoy,

Annotations: courseType &l =]

i

Annotations
rdfs:comment [language: en]

The type of the Course. There are two types of course available:
« Core: Courses that cover core topics and are deemed essential for an academic degree,

« Compulsory: A term with the same meaning as "Core” which is used in syllabuses. It's also expresses the Courses that cover core topics and are deemed essential for an academ

degree.
+ Elective: a Course that the student can select from other alternative courses.

rdfs:comment [language: ar]

O TUnog evdg MaBnpaTtog. Ynapyouy duo diaBéaipgor Tunor pabnpdrwy.

- Koppou: Ta paBrpaTta nou kahUnTtouv Baoikd Bépara kal kpivoyTal anapaitnTa yig Try andkTnon akadnudikol nTugiou.

-YnoypewTikd; ‘Evag opog We 1o 1810 vonua onwe Ta pafnuarta Kopuol nou ¥pnaponoisitar ota Neprypdppata Znoudwy, Xapaktnpeids eniong Ta MaBriuaTta nou kohuntouy facicd
BedpTo Kol kKpivowTId anapaiTnTA yid TNV dNoKTAan dkadnuaikod nTuyiou.

- EmAoyric éva MaBnua nou o goITnTAC Knopei va enthéEer and pia AioTta dhhwy padnudTwy,

Figure 92: Annotations of Course class, includedln object property and courseType data property

External documentation includes an extended document that describes in detail step-by-step
the whole ontology development process, including purpose, class definitions, description of
class properties, summary of definitions, and descriptive tables for each class with all
relevant to class information such as description, super/sub-classes, properties, inverse
classes, disjoints, etc. The evaluation process is also fully described with screenshots and
examination of results that ontology returns in SPARQL queries based on the competency

questions.
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CHAPTER 5. CONCLUSION

5.1. SYNOPSIS

Ontologies have a wide range of use in the area and many educational processes and
learning activities can benefit Education and the whole education field. They can be used,
among others for the semantic annotation of educational entities for knowledge reuse and

interoperability.

Curriculum, Course and Syllabus are considered as top-level entities in an educational
organization. They include important information and play significant role in many

educational processes and learning activities.

In this thesis we modeled the domain of a tertiary education curriculum conceptualizing

core knowledge structures like Curriculum, Course and Syllabus.

We presented the ontology developed that semantically annotates these educational entities
with sufficiency and richness in order to support rich services on top. For example, an
ontology based web application can be developed that enhances the searcheability and
discoverability of useful information about institution and its educational offerings.
Moreover, Course Management System can benefit from the semantically annotated syllabi
and offer improved services to teachers and students such as rich information about courses,
course alignment and recommendation, searching and matching for courses that cover
specific knowledge areas that students interested in, discover courses that aim to specific

learning outcomes e.tc.

A literature review of ontologies in Education as well as in the context of Curriculum and

Syllabus is presented.

We described in detail the methodology and development process of the educational
ontology. All conceptualized elements are presented and analytically documented with their

properties and relations.

Also the evaluation process of the ontology has been analyzed, which included technical

evaluation against common errors and pitfalls in ontology developments as well as quality
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examination. Quality examination tested the response of the ontology against a list of

questions that introduce scenarios in terms of its application.

Finally, we presented our work and discussed how it can be used to improve curriculum
management and development and enable syllabus semantic searching, matching,

interlinking and recommendation.

5.2. DIFFICULTIES

As already has been mentioned, a significant number of methodologies, languages and tools
have been developed for ontology engineering and development. However, it is true that

building a good ontology that meets its requirements is not an easy task.

The great richness in literature about Semantic Web and Ontologies as well as Ontologies in
Education [27], [66] offer significant help in tackling possible problems however difficulties
may arise during ontology development [79], [83]. In addition to that, it takes time and much

work to explore and study all these interesting works.

Existing ontologies have been important guides in ontology construction, especially in the
stages of ontology design and main concepts identification. However, there are two obstacles
encountered in educational ontologies that have been found in this survey. The first is that
educational ontologies presented in literature, have not their ontology files available online,
thus only the research documentation that was available was used [38], [63], [34], [75], [79],
[82]. On the other hand, the majority of relevant ontology files were found in this survey
with search engines and repositories, lack of documentation which makes it difficult to

understand and reuse them.

Notwithstanding is the fact that the absence of one, or at least a few but reliable curated
centralized ontology repositories, effects unclassified and un-evaluated content. Despite of
the ability to use some generic or ontological search engines as well as existing ontology
repositories (more about that in 3.4.1), finding good and relevant ontologies, can be a quite

difficult and time-consuming process.
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5.3. FUTURE WORK

Nowadays, the importance of ontology is well-received in many domains and sciences with
computer science and education to present increasing perspective [27], [66]. As to the CCSO,
we think of some promising future directions. As a first step, the ontology can be used by
students attending “Semantic Web” course included in the post graduate study program of
Department of Informatics Engineering in local institution. Students can help to catch study
programs and courses taught in our institution and fill ontology with real data. In this way,
more users will be able to explore its capabilities, test its achievements and bring into focus

omissions and improvements.

As a step forward a web application, based on CCSO, can be developed that will allow
institution employees as well as students to navigate and query data stored in the ontology. In
this way, employees, instructors and students can be better informed about several

educational offerings in our institution.

Moreover, Open eClass - the Course Management System that is used in our institution —
can benefit from the semantically annotated syllabi and offer improved services to teachers

and students for better searching and exploring of syllabus information.
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