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1. Introduction 

There is a need for mechanisms that enable learning due to the growing use of 

electronic data exchange, where organizations seek new ways to facilitate education 

through modern IT technologies.  

The Eruditio Est Facilis (EEF) research thesis provides theoretical examination of a 

new Electronic Learning Mechanism regarding semantic web theories and offers 

analysis and a mockup (with linguistic contents) of this new learning mechanism. 

That is, it examines how E-learning could benefit by utilizing the techniques that the 

semantic web has to offer to improve the learning process and to provide a new way 

in which learning material (linguistic contents derived from existing theories) could 

be used to supplement conventional learning techniques or to replace them.  

This thesis provides both theoretical and practical studies of an ontology-based 

mechanism that would present an educational tool, which moves beyond 

contemporary E-learning mechanisms such as Learning Management Systems (LMS). 

It also endeavors to combine ontology capabilities with enhanced user interface 

features to create an automated underlying structure. This structure would give not 

only a flexible learning environment in terms of its applicability to any learning 

process but one which also provides both teachers and students with an environment 

that combines multiple media types to facilitate learning as well as to generate 

immediate feedback on the progress and success of the learning process. 

Linguistic theories differ, apart from the fact that there could be more than one given 

theory for a linguistic topic; it is therefore the objective of the EEF learning 

mechanism to ensure that the end-users will be presented with all aspects of each 

theory as well as any modification of the theories by new developments, which could 

be easily added to the mechanism. 

The objectives of this thesis are: 

• To discover how E-learning would benefit from the semantic web services and 

techniques. 

• To examine the effectiveness of ontology based E-learning environment. 

• To examine whether Linguistic theory can be formalized to benefit learning 

purposes. 

• To examine whether ontology based learning mechanism could improve the way 

in which linguistic theories are represented as well as whether semantic web 
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techniques provide a more suitable way of structuring the learning material with 

respect to the users’ educational needs. 

This thesis is organized as follows: 

Chapter 2 provides a theoretical analysis of the Semantic Web, what it is, what 

techniques it utilizes and which services it offers. It demonstrates how the Semantic 

Web is capable of generating data representation that can be inferred by both people 

and computers. 

Chapter 3 gives a theoretical analysis of the way in which E-learning can benefit from 

the Semantic Web in terms of the development of a learning mechanism that would 

combine the required learning material with a system which will enable fast and just-

in-time means of teaching/learning the material. 

Chapter 4 discusses the role of ontologies in this thesis, that is, which ontology types 

will be considered for the purpose of this theoretical research into a new learning 

environment. 

Chapter 5 provides the use case which describes the learning objectives and defines 

the underlying requirements the theoretical learning mechanism must fulfill. 

Chapter 6 presents an overview of the linguistic contents (i.e. binding theory and 

reflexivity theory). It discusses their development, representation and how such 

content could be used for electronic learning purposes. 

Chapter 7 offers an analysis of the theoretical realm given in previous chapters and 

its application to Linguistic theories. That is, it takes the Linguistic theories and 

examines whether such learning material can be efficiently represented by a content 

ontology and taxonomy to create an automated data retrieval system. 

Chapter 8 shows a physical representation (HTML Mockup) available of the learning 

environment created in previous chapters (i.e. the EEF learning mechanism). It also 

discusses the theoretical considerations behind its construction in terms of the 

usability attributes and cognitive mechanisms that are involved in information 

processing and the use of electronic environments. 
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2. The Semantic Web 

The Semantic Web could be used to provide the capability of inferring the meaning of 

data not only by people (as done today) but by computers as well (i.e. generating 

machine readable content) [Passin]. Nowadays people read and create web page 

content and hyperlink labels by means of specialized software that is used to 

manipulating data. However, the Semantic Web could generate data that is 

comprehensible to both humans and machines. Machines can easily retrieve the data 

that is located on the web thus making the search process less time consuming. The 

Semantic Web may be used to provide a way to define data in such a manner that 

assists machines to interpret it, not just display it, thus enabling agents to retrieve 

and manipulate the information. Furthermore, it allows integration of data from 

various applications and resources (see Figure 1). 

 

 

Figure 1: the Semantic Web at work (Passin, pp.239). 
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 2.1 Structure: 

The Semantic Web’s structure consists of layers that rely on one another (see Figure 

2) this section discusses the layers and their functions. 

 

 

Figure 2: the Semantic Web layer cake (Passin, pp.14). 

 

Extensible Markup Language (XML) that provides the framework for defining 

languages and enabling data exchange on the Web. XML provides a tool for self-

describing information, which then could be extracted, manipulated and 

formatted to fit the requirements of its target users, applications, etc. [Extensible 

Markup Language (XML), Passin] and it utilizes a mechanism to enable the 

exchange of the information, which contains an instruction for the various 

applications that enables them to use the elements. Moreover, XML is used to 

describe data classes and encode their logical representation as well as to give an 

expressive manner in which documents can be easily created. These documents 

appear to be consistent in terms of data representation. Furthermore, it makes 

use of entities, elements and their characters to ensure a well-formulated 

document, which is governed by various constraints that impose consistency on 

the documents. 

 XML schema defines the structure of XML languages, it provides a syntax basis for 

the documents type definitions (DTD’s) in respect of extending existing types 

such as element types, data types, attribute types, etc. Due to the fact that XML 

does not provide a way to assign meaning to the data it represents, RDF is used 

to provide such semantic descriptions and terminology [Extensible Markup 

Language (XML), Passin]. 
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Resource Description Framework (RDF) enables the representation and 

processing of data, which consists of resources (refers to elements within the 

domain), properties (refers to relevant properties of elements within the domain) 

and statements (refers to triples that provide a logical representation of the 

resources, properties and values of the elements within the domain). 

Furthermore, it utilizes XML-base syntax in order to generate both syntactic and 

semantic interoperability [RDF Primer, Passin]. 

RDF schema clarifies the meaning of each component by means of a definition. It 

defines the vocabulary for the data model and also specifies objects and their 

properties together with the value assigned to them. RFDS describes the 

relationship between various objects, which enables URI’s (Uniform Resource 

Identifier) to identify them as well as their defined properties. Moreover, 

automated reasoning is performed in RDF and RDFS by means of First-Order 

Logic, which provides an excellent proof system [RDF Primer, Passin]. 

However, RDF and RDFS are limited in terms of representation of logical relations 

as well as the hierarchy representation of sub-classes and their properties with 

respect to their domain and range definition. 

Ontology provides the vocabulary of the framework; it is used to represent symbolic 

processing that is, concepts and their relations, thus creating concept-types and 

conceptual relations that enable knowledge-based programs [Resource 

Description Framework (RDF), Fensel , DAML+OIL]. A formal representation of 

the elements contained within a domain is generated by means of ontological 

analysis. Ontology also helps Agents to communicate with one another despite 

their differences in the manner of communication in order to execute a task. This 

communication is made possible by utilizing a task-independent conceptual 

model. Ontology utilizes a hierarchical taxonomy where classes are used to define 

the types and the sub-classes are used to define the relations they contain. Thus 

creating an ontological categorical structure that provides the general framework 

from which concept representation can be derived [Vickery, Markup Languages 

and Ontologies, Hendler, Omelayenko]. Ontology Web Language (OWL) is 

used to provide an XML based syntax, which is built on RDF and RDFS 

conventions in order to generate a more readable content [Antoniou & van 

Hermelen]. OWL is used to process web information in terms of machine-

readable format, that is, a logical form is used to represent elements and 
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relations within the domain. It provides a more precise definition of content with 

respect to interpretability in terms of a larger inventory of vocabulary and XML 

syntactic basis that machines could process more easily [OWL Web Ontology 

Language Overview, van Hermelen]. 

Logic and Proof provide logical reasoning capabilities that are utilized to examine 

the data’s consistency to infer implicit conclusions. Proofs assist in reviewing the 

logical reasoning steps [Passin]. 

Trust provides an authentication tool, which identifies the data, services and agents 

[Passin]. 

 

The Semantic Web also facilitates services such as Indexing and retrieving 

information where, contrary to existing web search applications that are based on 

word identification, the Semantic Web utilizes concept identification based on their 

hierarchical structure as well as the information they categorize automatically. The 

Semantic Web strives to assign meaning to web services in terms of the information 

being handled with respect to its contextual meaning rather than being identified and 

retrieved as a meaningless item, thus making data searches and retrieval easier for 

users. Another service is Meta data which expresses the context or relativity of 

data, for example: data element descriptions, data type descriptions, 

attribute/property descriptions, range/domain descriptions and process/method 

descriptions. The repository environment encompasses all corporate Meta data 

resources: database catalogs, data dictionaries and navigation services. Meta data 

includes name, length, valid values and description of a data element. Meta data is 

stored in a data dictionary and repository.  

Furthermore, The Semantic Web enables adding information to existing text as well 

augmenting existing databases that allows people to share their comments and 

information relevant to an existing data which is referred to as Annotation. 

These services are important when one seeks to develop a learning mechanism like 

the one that will be discussed further in this thesis. This would allow using the above 

mentioned Semantic Web services to facilitate data retrieval. 

 

In order to enable system’s communicational capabilities one must consider using 

agents. Agents are software routines that wait in the background and perform an 



Page 11 of 80 

action when a specified event occurs. For example, agents could transmit a summary 

file on the first day of the month or monitor incoming data and alert the user when a 

certain transaction has occurred. Agents are often referred to as "intelligent agents," 

"personal agents" and "bots." 

An ideal agent would have to be communicative, that is, it should be able to 

“speak” the user’s language (with respect to words and syntactic structures of the 

natural language) as well as “know” the user’s preferences and constraints in order 

to perform tasks smoothly and successfully. Moreover, the agent needs to be 

capable of performing tasks and provide users with various online services without 

overwhelming them with unwanted details such as filling in their billing information, 

etc. An ideal agent would also be required to be autonomous, meaning mixed-

initiative systems that enable task performance without human intervention. The 

only requirement at the user’s end would be the final authorization for the 

completion of the tasks since the agent has learned the user’s preferences and 

utilizes them automatically thus making online usage a simpler and pleasanter 

experience for the user. Authorization would be requested as the final stage before 

completing the requested task. It is also important for the agent to be adaptive, i.e. 

making the agent learn the user’s preferences from feedback and questionnaires 

thus enabling the agent to use this information when executing an online task. It is 

important that, with the emergence of agents, they be enabled to communicate with 

one another in order to permit smooth and reliable execution of tasks. 

The need for agents to communicate with one another has provided an insight into 

the problem that arises from the Semantic Web. That is, heterogeneous ontologies, 

which utilize ontology-specific agents, which have to communicate with one another 

in order to obtain the requested information. This problem can be avoided by using 

several approaches such as emergence which refers to a generic approach that 

allows the development of shared ontologies within a multi-agent system [Hendler, 

Klein]. In order to overcome communications difficulties the agents must be able to 

use a uniform terminology to facilitate the communication process. The agents must 

be able to extract concepts from ontologies by using a common terminology; task 

execution would then provide optimal performance. Furthermore, the agents must be 

able to communicate with other (ontology-specific) agents in order to retrieve 

information [Hendler, Klein]. 
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2.2 Semantic Networks and ontolgies: 

The Semantic Web offers two techniques with which one may create a digital 

mechanism in this case a learning mechanism. The Semantic Web techniques are 

known as Semantic Networks and Ontologies (which were discussed in the structure 

of the Semantic Web). This section will provide a discussion of the two as well as the 

author’s intention to use Ontologies for the development of her learning mechanism. 

A semantic network is a graphic representation of knowledge by using patterns of 

interconnected nodes and arcs. Computer implementations of this network were 

initially developed for artificial intelligence and machine translation; however, earlier 

versions have been used in linguistics.  

The similarity between all semantic networks is a declarative graphic representation 

that can provide either representation of knowledge or support an automated 

system’s reasoning of knowledge [Sowa, John, F.]. 

Semantic Networks represent knowledge by means of schemes (see Figure 3) that 

convey relations (arrows) between concepts and objects (nodes).  

 

Figure 3: Simple form of semantic network [Sowa, John, F.] 

 

The structure of a semantic network portrays the meaning it conveys in terms of the 

represented concepts and their relations with other concepts or objects that form the 

overall meaning that the network represents [Sowa, John, F.]. 

This type of structured model provides the means of representing knowledge with 

respect to concepts found in the theory as well as their relations. The relations are 

governed by several constraints such as an IS-A relations, that represents the 

meaning conveyed by the nodes it links [Knowledge Representation]. Much like 

Ontologies, inheritance of properties is represented in the model based on the 
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classification of the concept’s level. That is, a high-level concept (super-class) might 

contain properties that are inherited to its sub-level concepts (sub-classes). 

Ontologies on the other hand provide a more complex representation of concepts 

and the relationship between them. They provide the vocabulary of the framework; 

which is used to represent symbolic processing, thus creating concept-types and 

conceptual relations that enable knowledge-based programs to operate smoothly. 

Ontologies also allow for the use of Semantic Web services such as annotations, 

Meta data and categorical representation of concepts to facilitate data retrieval (as 

described in section 2.1). 

The following portrays various principles and guidelines, which are designed to assist 

in the smooth construction of ontologies: 

Building Ontology and developing definitions guidelines 

In order to build an ontology one must first decide the domain it covers then 

determine the concept terms within the domain, that is, which concepts may be 

extracted from the resources that are relevant to the domain. These concept 

terms must then by ordered according to their level of importance within the 

domain which allows collecting other relevant terms connected with them. Finally 

one may produce term-definition that would provide a unified concept that would 

account for the variation found in the resources or serve as a unified term for its 

relevant concepts as well as categorizing the terms into groups that contain 

concepts of similar part within the resources.  

When developing definitions one must create definitions of natural language 

text, that is provide precise definitions which are clear to speakers of the natural 

language. Furthermore, the definitions must be consistent with other definitions 

that are already in use in other resources, thus allowing users to easily identify 

the definition and its meaning. Moreover, the developer must provide delineation 

of the relationship between terms and other relevant terms such as synonyms 

and variants of the terms [Vickery]. 

Principles for ‘ontological engineering’  

When creating ontology one must remember that ontologies are not unique, 

that is the ontology’s structure depends on its intended use and that it is task 

specific, aimed to perform a specific task based on the knowledge it contains. 

Furthermore, in terms of usability the ontology must be easy to browse and 
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provide clear definitions and accessible concepts that is, allow users to easily 

identify concepts contains in the hierarchical organization. The organization must 

allow modularity that is it must permit adding and appending concepts. 

Moreover, the concepts contained in the ontology have to be grain sized that is, 

the ontology has to provide precisely defined concepts and their decomposition 

that are distinguishable from other concepts. Finally the developer must be aware 

of redundancy where multiple classifications of concept definitions occur due to 

the fact that the classification is often overlapping [Vickery]. 

Markup languages and Ontologies  

As a web tool ontology is used to provide a standard syntax for the representation of 

language. Ontology utilizes XML syntax for that purpose.  It is also used as a 

synchronization tool between agents by means of an ontology editor. The editor 

enables the user to build ontology as well as provide access to joint ontology. Web 

usage requires mapping between ontologies using inference engines.  

Inference engines are used to process knowledge that is available and to recognize 

new knowledge that is introduced based on a logical representation of the entities 

[Vickery]. 

Ontology engineering: denotes the methodology with which ontologies are 

developed. It is depicted by Uschold and Grüninger’s phases which state that one 

must initially identify scope and purpose then build the ontology that is, capture, 

code and integration of existing ontologies followed by evaluation where guidelines 

for each phase are specified. 

Now that one understands the principles and structure of both Semantic Networks 

and Ontologies one must consider the types of networks and ontologies they offer 

potential developers. 

There are several types of Semantic networks: 

Learning Networks: are used to represent knowledge, they can be constructed or 

supplement the knowledge by using examples. One can change the model by 

adding or removing concepts (adding or removing nodes and relations) as well as 

changing the values (weight) that are associated with the concepts and the 

relations (nodes and arrows). As a learning mechanism, utilizing several 

techniques can augment the structured representation, such as Rote memory, 

Changing Weight and Restructuring [Sowa, John, F.]. 
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Rote memory provides the means for converting knowledge to a network 

without changing existing structures. The knowledge is stored and labeled in 

what seems to be a relational database, which facilitates data retrieval by 

utilizing indexes that enable efficient search. Changing weight by assigning 

values to concepts and relations one facilitates the identification of the objects 

that appear as numeric sequences. These values represent probabilities that 

assist in the process of augmenting the network when new knowledge is added 

into it and provides a value for the output as well. This helps to predict the 

outcome of any pattern that has to be recognized. Restructuring refers to 

changing the network itself in order to support new knowledge that is put in. 

Adding new nodes and representing additional relations between concepts as well 

as denoting and modifying properties are utilized to modify the overall structure. 

Another type of network is a Hybrid network, which combines two or more systems 

into one network [Sowa, John, F.]. 

Hybrid Network: a network that combines more than two systems such as: 

database systems, graphical packages and programming languages, in order to 

construct a knowledge base that will represent them all. It consists of Object 

definition, which refers to the objects it represents in terms of object-type and its 

sub-types as well as relating it to instances and properties (can be unique or passed 

on from the type to its sub-types) that serve to distinguish between the types. The 

hybrid network overcomes differences between the syntax of various programming 

languages as a result of the combination [Sowa, John, F.]. 

Ontology types offer one a different method of classification, these types are: 

Content Ontology: provides a way to describe basic concept within the 

domain; it will specify the relations between the concepts as well as 

give their properties. The specification of relations will enable agents 

to infer the knowledge that is contained in the data and facilitate 

data retrieval. 

Pedagogy Ontology: gives the means to classify the material that is used 

for exercises or tutorials. Thus, facilitating task performance in the 

learning environment since the material is arranged and classified 

according to its intended usage. 
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Structure Ontology: would give a logical representation of the materials, 

which permits the hierarchical structuring of the data, as well as 

leveling the progress of navigation between relations and concepts 

[Antoniou & van Hermelen p.193/194]. 

Furthermore, when using ontologies one must not overlook other aspects, such as 

integration, use and mapping of ontologies that are essential when working with 

ontologies. 

Ontology Integration:  

In order to integrate information in a manner that will generate the correct 

interpretation across different systems, semantic heterogeneity has to be overcome. 

That is, to overcome the difference between information systems with respect to 

confounding conflicts, which refers to items that seem to provide the same 

meaning yet, differ from one another. Scaling conflicts, which refers to different 

reference systems that are used to generate values. Naming conflicts, which refers 

to various naming of a concept by using synonyms, etc [Klein, Stuckenschmidt & 

Timm, Wache]. 

There are several approaches that may be considered with respect to ontology 

integration: 

Use of Ontologies: denotes the role of ontology representation with respect to their 

ability to interpret data sources by utilizing identification and association of 

semantically corresponding concepts. [Klein, Stuckenschmidt & Timm, Wache] 

This approach uses three techniques: Single ontology approach contains a global 

ontology that provides the integration of information by means of common 

vocabulary. For example, SIMS model provides a hierarchical terminology that 

specifies various representational nodes related to the knowledge base. The Multiple 

ontologies approach describes sources as being represented by their own specific 

ontology. The fact that there is no global representation of the diverse sources may 

prove problematic when comparing the different sources. And Hybrid ontology 

provides multiple ontologies that can be compared by means of a global and 

common vocabulary that consists of the basic terms (primitives) of any given 

domain. This technique makes adding new sources easier as no modifications of the 

global vocabulary are required. 
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Ontology representation: denotes the various contexts generated by different 

integrations where each approach utilizes different logical representation of the 

concepts, therefore creating a need for restricting the expressive capabilities of the 

terminology by means of description logic and its rule bases. 

Use of mapping: refers to connecting ontologies to their corresponding 

environment thus making the integration of information map between various 

ontologies within the system. 

There are several approaches that may be utilized to this end: Structure 

resemblance permits connecting ontologies with database schemes by making a 

copy of its structure, which then participates in the integration. Definition of terms 

refers to defining terms from the database further, which provide the definition 

rules for the terms. Structure enrichment provides a logical model that is used to 

describe the information source, which allows the definition of concepts to be 

developed further. And Meta-annotation adds semantic information to the 

information source. 

 

From the above evidences we have seen that Ontologies provide a more efficient 

way of data representation and retrieval by using integration of various resources 

and facilitating agent communication. Though Semantic networks provide a more 

general platform for the construction of a knowledge base, Ontologies avoid 

differences by consistently defining concepts (by means of shared vocabulary) within 

the domain, they relate concepts with various definitions and sub-classes of these 

concepts as well as provide an easily accessible platform for the users to make use 

of when searching for additional material. They also provide the capability to easily 

change, remove and augment existing resources by mapping and inference engines 

and making use of annotations. Thus one may conclude that Ontologies provide a 

more dynamic and flexible platform for the creation of an electronic environment 

which is the goal of this thesis. 

 

This chapter has provided a general description of the Semantic Web as well as the 

different techniques and services it offers developers. It is however the goal of this 

thesis to examine how the Semantic Web could be used in order to develop an 

electronic learning (E-learning) mechanism, therefore in the following chapter 

provides a discussion of electronic learning (E-learning) and how it could benefit from 

using the Semantic Web. 
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3. E-learning and the Semantic Web 

In recent years there has been a movement from conventional type learning to 

E-learning. That is, the development of a learning mechanism that would 

combine the required learning material with a system that will enable fast and 

just-in-time means of learning the material. Such systems are based on IT 

(information technology), which facilitates the implementation of the learning 

infrastructure. E-learning can either complement conventional learning or even 

replace it altogether.  

Conventional learning involves a static and non-linear organization of the 

learning material and learning processes, where the instructor decides what is 

relevant as well as the schedule of material absorption. Furthermore, the 

training follows the instructor’s schedule and further knowledge is acquired 

separately. The learning material provided by conventional learning processes is 

general and corresponds to the needs of the many rather than the few or the 

individual. This type of learning is restrictive for the user. 

Moreover, conventional learning provides a linear progression of knowledge 

acquisition that is governed by the instructor’s decision on the content that will 

be learned and the progress of acquiring the knowledge, yielding a slow learning 

process. 

E-learning is more user-oriented since it is non-linear in terms of direct 

availability of knowledge. The user plays an active role in the learning process 

by either directly moving forward or repeating any of the learning steps. The 

content changes to suit the user’s needs thus providing a more dynamic and 

personal learning environment that enables the student/user to determine which 

course is best suited to his/her needs [Stojanovic, Ontologies and the Semantic 

web for E-Learning]. 

The semantic web can be used to bring E-learning to a higher level of 

collaborative intelligence by means of creating a new educational model (i.e. 

Educational Semantic Web). That is, a system which provides interoperability of 

diverse educational systems as well as offers an automated structure that 

enables a unified authoring for those interoperable systems. The semantic web 

allows such interoperability by means of utilizing semantic conceptualization 

(ontologies), common syntax and service based integration of educational 

material. To achieve such an environment one must consider the following 
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capabilities; effective information storage and retrieval, augmentation of 

learning processes by means of autonomous agents, developing communication 

capabilities [Lora Aroyo & Darina Dicheva]. 

The Semantic Web technology provides the means to meet the E-learning 

requirements which allow a fast, just-in-time and relevant learning process. The 

means by which Semantic Web technology can benefit E-learning are:  

Pull: The learning materials are distributed but they become linked to a common 

ontology, thus enabling the construction of a user-specific course.  

Interactive: Software agents provided by the Semantic Web may be used to enable 

the co-ordination between agents as well as for active delivery of learning 

materials in the context of problems. Where, each user has his/her own 

personalized agent that communicates with other agents in order to retrieve the 

information he/she seeks.  

Non-linear: The users can determine the goal of learning; previous knowledge, etc. 

then carry out semantic querying for the suitable learning materials. Where, the 

user profile is used to provide a personalized environment. In order to gain access 

to the learning material one will utilize semantically defined navigation possibilities.  

Symmetric: The Semantic Web provides an integration platform for learning 

activities.  

Continuous: The active delivery of information generates a dynamic learning 

environment.  

Distributed: The Semantic Web will be as decentralized as possible. This enables an 

effective co-operative management of content.  

Personalized: The users search for learning material that has been customized to 

their needs by means of personalized agent. The ontology functions as the link 

between user needs and the learning material.  

Dynamic: The Semantic Web facilitates the use of knowledge provided in various 

sources, by semantically annotated content. The distributive environment of the 

Semantic Web enables continuous enhancement of learning materials [Biswanath 

Dutta]. 
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3.1 Semantic Services: 

Since the semantic web strives to create machine readable contents for 

programs in order to facilitate intelligent activities, it depends on a specific 

structure (see Figure 2 and section 2.1). However, in order to facilitate 

educational needs, such semantic service portals (that allow users to access the 

services, repositories or databases) must be flexible in order to provide target 

users with the ability to perform tasks (such as querying for material) as well as 

determining their learning process with respect to their prior knowledge and 

experience. Furthermore, this type of direct access and automation provides 

the means for just in time learning processes, where the material is organized 

separately from the delivery elements (i.e. the interface). This allows users to 

access the information they require by means of content description, also 

known as metadata, which provides the means for describing and indexing of 

the content and facilitating searching for it [Emanuela Moreale, Maria Vargas-

Vera]. 

Annotation tools and ontologies are extremely important to achieve a flexible E-

learning environment. Annotation in this case refers to the selection of the 

names given to slots and tags which are found in the ontology and specifying 

them in the document. For example should one’s ontology contain a class titled 

‘course’ with the slots ‘name,’ (i.e. the name of the course) ‘has_level,’ (i.e. the 

level of difficulty for that course) and ‘objectives’ (i.e. the learning result), the 

learning documents have to be annotated to allow access to the information 

contained within this class. The ontology is the formal specification of the 

concepts within the domain; it provides the descriptions (concepts) of the class 

and its attributes together with the relation between them. 

Moreover, to achieve such E-learning environment that makes use of semantic 

services, interoperability as well as utilizing semantic annotations and 

ontologies, one must consider an architecture that is suitable for such semantic 

E-learning services. When speaking of a Semantic portal one refers to a portal 

consisting of a user interface that allows access to various services, repositories 

and databases. The function of the service broker is to allow communication 

between the services and the requests being made, that is, it strives to match a 

request with the appropriate service. The services interact with the resources in 

order to allow data retrieval from the various resources (see Figure 4) 

[Emanuela Moreale, Maria Vargas-Vera]. 
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Figure 4: Semantic Portal: Architecture for e-Learning Services [Emanuela Moreale, 
Maria Vargas-Vera, pp. 118]. 

 

3.2 Semantic Metadata and Learning Objects: 

For E-learning to benefit from semantic web techniques one must consider 

utilizing semantic web metadata within an E-learning environment. As discussed 

in Section 2.1 metadata is used to express the context or relativity of data, but in 

order to make use of such services one must consider the fact that certain 

architecture must be offered for the implementation of metadata with respect to 

E-learning requirements. To achieve an efficient usage of metadata one must 

avoid several attributed features which prove problematic [Nilsson, Mikael et al.]. 

o Metadata is considered objective: refers to the metadata as containing 

certain information that does not include any factual data about the 

resource, which excludes alternative interpretations and thus forcing 

subjective information on users. That is, studies have shown that 

metadata is actually subjective with respect to the information it 

describes. 
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o Producing metadata for resources occurs once: refers to the known belief 

that one produces metadata once when one publishes a document. That 

is, by being authoritative metadata obstructs subjective context-

dependant metadata. 

o Metadata uses defined semantics: refers to the fact that all formal 

languages (such as: RDF, RDFS, DAML+OIL) use RDF to express simple 

metadata and other data contained in those languages. However, the 

semantics of the data given in those formal languages cannot be mixed 

but must be defined by each language separately. 

o Metadata is contained in metadata documents: refers to preferring XML 

based documents to describe metadata by means of XML schema rather 

than RDF, which leads to problems for example: an XML metadata 

document cannot be inserted into another XML document at random. 

o Metadata is considered an indexing system: refers to the fact that 

metadata is often considered as a digital indexing system, which is only 

one of its roles. However there are other uses for RDF metadata, for 

example: description, certification, annotation, extension, etc. 

In order to avoid the above mentioned problems one must utilize a certain 

metadata architecture (within E-learning environments), where the metadata is 

(a) subjective and non-authoritarian i.e. accommodating different descriptions for 

the same resource, (b) supports dynamic representation i.e. not produced once, 

(c) allows multiple descriptions generated by different sources and shared by all, 

(d) allowing unpredicted uses of resources, and (e) supporting the expansion of 

knowledge [Nilsson, Mikael et al.]. 

 

Learning Objects are entities, either digital or not, that can be used, repeated 

or referenced in technology based learning (i.e. computer-based training 

systems, interactive learning environments, etc.). Such learning objects comprise 

of multimedia and instructional content, learning objectives, instructional 

software and software tools, which are used in technology based learning. The 

learning object metadata focuses on a minimal set of attributes that are needed 

in order to allow the management, location and evaluation of learning objects. 

Relevant attributes of the learning objects that are being described comprise of 
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the type of object, author, owner, terms of distribution, and format. The learning 

object metadata may include pedagogical attributes such as; teaching or 

interaction style, grade level and prerequisites. Any specified learning object may 

have more than one set of learning object metadata [Learning Object Metadata]. 

Moreover, using learning objects (E-learning artifacts) in E-learning environments 

contribute to the interpretability of the learning mechanism. That is, they function 

as the internal delivery tools that convey content and instructional methods by 

means of multimedia elements, etc. These objects contribute to the interactivity 

of the learning environment which provides users with an active learning 

experience by enhancing the learning process and motivation. The rationale 

behind utilizing learning objects in learning environments is that they help 

designers create a dynamic learning experience with respect to the cognitive and 

social intentions of target users and generate a learning experience that allows 

users to interact with the learning environment on different levels. Therefore, the 

users may achieve a greater acquisition of the content they require which is 

given to them according to their degree of proficiency, motivation of learning and 

education. These artifacts add new levels of processes into the learning 

environment that are vital for users’ cognitive awareness, which lead to greater 

user attentiveness [Hansjörg (George) von Brevern]. 

Semantic metadata and learning objects can be used in order to create a more 

flexible way in which content is expressed within the mechanism. The 

aforementioned flexibility can be achieved due to the fact that there are various 

uses of metadata (for example annotation, description, etc.), which allows one to 

expand the knowledge base by integrating different descriptions for the same 

resource. Furthermore, learning objects could be used to provide pedagogical 

attributes (for example interaction style, learning level and knowledge 

requirements per level) in order to make a smooth progress of the learning 

process.  

Nowadays most E-learning environments use learning management systems to 

allow both students and instructors to be more involved with the learning 

process. The following section provides a description of such systems as well as 

the various components they utilize. 
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3.3 Learning Management Systems (LMS): 

Contemporary E-learning platforms utilize a learning management system which 

is Internet based software that administers monitors and reports the interaction 

between a student and the learning content as well as the student’s interaction 

with the course instructor. It utilizes a mixture of software tools that perform 

various functions related to online and off-line instruction management and 

performance management. Primarily, these systems perform student registration, 

learning progress tracking, recording test scores, and indicating courses 

completed, as well as providing the instructors with the means of assessing 

student performance. These software applications record student progress and 

records as well as learning resources such as teaching materials (books, articles) 

and location of the course and instructor. Examples of learning management-

based platforms are: Moodle, Ilias. The teacher decides the content of the 

material that is most relevant to the course and assists the student’s learning in 

terms of efficient learning and enabling long-term usage of the content. The 

learning process is achieved by means of feedback and observation of the 

learning process as regards progress and success rates. 

There are presently two types of learning management systems available, 

learning systems based on open source and non-open source software.  

• WEBCT is non-open source software (non-open source in terms of a 

closed electronic environment, where the underlying code is inaccessible 

to others, i.e. not shared) designed to create an electronic environment. 

It offers several key features, such as: Question database, Interactive 

media, Critical-thinking activities, Instructor resources, Glossaries, Video 

animations and eBooks, where an instructor could construct a database 

of various types of questions, incorporate multimedia techniques to 

facilitate the learning process and utilize the electronic version of the 

required textbooks [http://www.webct.com]. 

Another type of learning management system is Moodle - Modular Object-

Oriented Dynamic Learning Environment. Moodle is open source software that 

permits not only access to the source code and the sharing of the program but 

also satisfies other criteria such as free redistribution, derived works, etc. It 

offers many features such as design, site management, user management, 
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course management, and modules (assignment, chat, choice, forum, quiz, 

resource, survey and workshop [http://moodle.org]. 

 

The LT4eL1 is an example of a project that combines Semantic Web techniques 

with LMS (ILIAS). This project uses multilingual language technology tools and 

semantic web techniques in order to improve retrieval of learning material. This 

developed technology facilitates personalized access to the knowledge found 

within learning management systems as well as provides decentralization and co-

operation in content management. 

This project combines Semantic Web techniques with LMS in order to enable the 

integration of new functionalities as well as ontology based retrieval mechanism 

into the ILIAS Learning Management System. Documentation will allow the 

integration of other open source Learning Management Systems, given by the 

development of the new resources modularity. Metadata annotation, ontology 

driven search and navigation allow for individual content assemblage for learners 

as well as the creation of individual learning paths. 

However, for the purpose of this thesis the EEF learning mechanism will utilize 

Semantic Web techniques (ontologies) for the construction of the underlying 

structure and will not use LMS components. The following chapter will discuss the 

role of ontologies within the EEF learning mechanism. 

 

 

 

 

 

 

 

 

 

 

                                            
1 http://www.lt4el.eu/index.php?content=home  
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4. The role of ontology 

In the previous chapters we have discussed the Semantic Web, its structure and the 

various techniques and services it has to offer, as well as E-learning and the benefits 

that arise from combining both. This chapter provides the role that the ontologies will 

play within the EEF learning mechanism. 

As discussed in chapter 2, Ontology is used to represent symbolic processing, that is 

concepts and their relations, thus creating concept-types and conceptual relations 

that enable knowledge-based programs [Vickery]. The use of ontologies provide an 

organizational framework of the learning material as objects that are annotated (by 

means of metadata) as well as enabling the organization of items to offer enriched 

user-oriented environments that contain the knowledge needed to acquire as well as 

a fast and easy learning experience. In which the user can utilize web agents to 

retrieve the relevant knowledge from ontologies that are available online.  

The Semantic Web provides a decentralized learning process, which could adapt itself 

to each user according to their own learning capabilities, demands and skills and 

thus providing a better platform for his/her desired learning mechanism [Stojanovic, 

Ontologies and the Semantic web for E-Learning]. It offers greater flexibility in terms 

of developing learning materials from different resources. 

The EEF learning mechanism makes use of two ontology types, namely: Content 

Ontology and Pedagogical ontology. 

The content ontology would be used to provide the domain of the learning material 

(i.e. the linguistic content) which could be accessed according to the students’ needs. 

Thus, allowing students to progress on their own regardless of the in-class activities. 

The linguistic content would be formalized into key concepts derived from the 

domain, where each concept would be used to portray a different aspect of that 

domain by means of their properties and sub-concepts. Therefore facilitating 

information retrieval and access into the knowledge contained within the content 

ontology. 

The pedagogy ontology would be used to provide the overall structure for the 

learning mechanism. That is, it would used to create key structural concepts (such as 

Tutorial 1) as well as their attributes (properties) that would enable the distribution 

of the learning material (i.e. linguistic content) according to the students’ level of 

prior knowledge and preferences. This would enable ‘tailoring’ an environment that 

accommodates both course and student learning objectives.   

The following chapters will provide the realm of the learning mechanism (i.e. the use 

case) as well as the learning material (linguistic content) which will be used.  
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5. Use case 

Professor X is planning to create an electronic learning environment for his 

syntax course on Binding Theory (BT) and Reflexivity theory to supplement the 

in-class activities. The course's required reading material consists of a collection 

of articles (discussed in chapter 6). The students are required to hand in 

exercises on a weekly basis and submit a research paper at the end of the term. 

The duration of the course is two and a half months (ten weeks). For the 

electronic environment professor X would like to provide his students with a quick 

guide to the general definitions and applications of the theories contained in the 

reading material to supplement their in-class lectures, he therefore, constructs 

tutorials for the learning mechanism. Each tutorial requires a different level of 

prior knowledge and represents the theories accordingly. 

Furthermore, he wishes for the environment to be enjoyable and dynamic so his 

students would benefit from a unique learning environment. In order to achieve 

that he must first turn his attention to the formalization of the linguistic content 

(discussed in section 6.3) and construct a content ontology that would 

encompass the concepts created from the learning material (i.e. the linguistic 

content). 

Let us now examine the learning material (linguistic content) that is relevant for 

the use case and how it can be used for the learning mechanism suggested by 

this thesis. 
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6. The Linguistic Content (learning material) 

This chapter provides an overview of the linguistic theories mentioned in the use 

case and it is therefore represented as a quick-guide to the learning material (i.e. 

Linguistic content). The linguistic theories of Binding and Reflexivity were 

collected from the following articles: 

o Haegeman & Guéron. (1999) Aspects of the Syntax of Noun phrases. 

o Zribi-Hertz, A. (1989). Anaphor binding and narrative point of view: English 

reflexive pronouns in sentence and discourse. 

o Reinhart, T. Reuland, E. (1993). Reflexivity. 

o Reinhart, T. Reuland, E. (1991). Anaphors and logophors: an argument structure 

perspective. 

o Grodzinsky, Y. Reinhart, T. (1993). The Innateness of binding and co-reference. 

o Noguchi, T. (1997). Two types of pronouns and variable binding. 

6.1 Binding Theory: 

The notion of binding has been developed from Chomsky’s binding theory (1981) 

it provides an insight into structural occurrences which are assumed to be 

universal.  

Binding theory examines the relation between anaphors, pronominals and R-

expressions (i.e. reflexive elements) and their potential antecedent. It is often 

referred to as Argument binding, which portrays the position they populate within 

a sentence (i.e. argument position). The argument position has some 

grammatical function (subject, object, etc.) to which a predicate assigns either a 

thematic role (such as agent, patient, etc.) or a case (such as nominative, 

objective, etc.). [Reuland 2005] 

An antecedent is the nominal element (NP/DP) on which a reflexive element is 

dependent for its interpretation, that is, a reflexive element cannot occur by 

itself. The antecedent contains the same grammatical features as its reflexive 

element (i.e. phi-features: person, number and gender). [Haegeman & Gueron 

1999] 
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The reflexive elements are classified by means of assigned features such as; [+/- 

anaphoric] and [+/- pronominal] and are referred to as anaphors, pronominals 

and R-expressions. [Reuland 2005] 

Chomsky’s binding conditions (1981): 

A. An anaphor is bound in its governing category 

B. A pronominal is free in its governing category 

C. An R-expression is free. 

The definition of governing category is as follows: 

� γ is a governing category for α if and only if γ is the minimal category 

containing α, a governor of α, and a SUBJECT accessible to α. 

� The SUBJECT of a category is its most prominent nominal element 

(including the agreement features in finite clause). [Reuland] 

Let us turn to examine the elements that take part in this theory: 

6.1.1 Anaphors (reflexives and reciprocals): 

Reflexive elements (such as himself) are referentially dependent on another 

NP/DP (called antecedent) for its interpretation, it cannot occur by itself. This 

referential dependence between reflexive and its antecedent is accounted for as 

follows: the antecedent binds the reflexive where the reflexive is bound and the 

antecedent is the binder. The antecedent matches the reflexive in terms of 

grammatical (also known as phi) features person, gender and number. The 

binding relation is encoded by means of co-indexation and c-command. 

Binding requires the co-indexation of two arguments that abides by the following 

definition: 

� a and b are non-distinct in features for person, number and gender. 

Non-distinct features mean that the arguments (anaphoric elements) may 

accommodate any natural language’s requirements such as the distinction 

between feminine and masculine antecedents and their corresponding argument. 

[Reuland] 

Binding also requires that the binder (antecedent) c-commands the bindee (the 

anaphoric element) within the sentence, the following definition must be 

maintained: 
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� a c-commands b if and only if  a doesn’t contain b and the first branching 

node (maximal projection) dominating a also dominates b. 

Based on the previous definitions, the standard binding condition is as follows: 

� a binds b if and only if a and b are co-indexed and a c-commands b. 

Let us now consider the following: 

1. a. Johni hurt himselfi 

b. *Maryi hurt himselfi 

In (1a) the NP John binds the reflexive himself by means of co-indexation (both 

are related by carrying the same index) and matches the reflexives grammatical 

features, therefore the sentence is grammatical. (1b) is ungrammatical due to 

the gender difference between the antecedent Mary and the reflexive himself. 

As mentioned above, binding relation depends on c-command (the first branching 

node dominating the antecedent must dominate the reflexive). 

2. John’s sister enjoyed herself at the party. 

 

 

 

 

 

 

The first branching node (maximal projection IP) dominating the antecedent 

John’s sister also dominates the reflexive herself, therefore the antecedent NP c-

commands the reflexive. That is, the NP (John’s sister) is sister of I’ which 

contains VP (enjoyed herself) and therefore the following statement applies: 

� a c-commands b if and only if a is sister of c, where c contains b. 

� [a [c … b … ]]. [Reuland 2005] 

[+TNS] indicates that the grammatical feature of tense described by the verb at 

he moment of utterance is represented in the tree structure as a morpho-

syntactic feature of INFL. [Lexicon of Linguistics] 

IP 

 NP                I’ 

    I VP 

 John’s sister  [+TNS]   V’ 

     [+AGR]   V    NP 

       enjoy herself 
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[+AGR] indicates the agreement relation between a specific head and its specifier 

in this case the Verb and the subject in specifier position. [Lexicon of Linguistics] 

Moreover, the antecedent of a reflexive must occupy an A-position that c-

commands the reflexive. A-positions are positions to which a theta-role (i.e. the 

semantic relationship of an argument with the predicate) can be assigned 

(subject and object positions). A-positions are also known as Argument positions. 

A position which is not an A-position is called an A'-position (A-bar-position) or 

Non-Argument position. 

3. [IP Mary says [CP that [IP Johni contradicted himselfi]]] 

In (3) the reflexive himself is bound by the subject NP John which occupies the 

A-position (Spec-IP) of the subordinate clause [IP Johni contradicted himselfi]. 

The domain in which the reflexive must be bound by an antecedent also known 

as the binding domain is delimited by the first c-commanding subject NP/DP. 

Therefore, the following conditions must be satisfied: 

� Reflexives must be locally A-bound 

� X is bound if X is co-indexed with a c-commanding antecedent 

� X is A-bound if X is bound by an antecedent in an A-position 

� X is locally bound if X is bound within its binding domain 

� The binding domain of X is the domain in which X must be bound 

� The binding domain of reflexives is delimited by the first c-commanding 

subject. 

Another definition is derived from Chomsky’s Binding condition A (discussed 

above) which applies to reflexives. 

Reciprocals (such as each other) are distributed similarly as reflexives; they too 

are referentially dependent on another NP. 

4. Thelma and Louisei trust each otheri 

The same conditions that define referential dependency of reflexives apply to 

reciprocals as well that is, the reciprocal must be co-indexed with its antecedent 

which must match its grammatical features. The antecedent must c-command 
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the reciprocal and it must be situated within the binding domain which is 

delimited by the first c-commanding subject. 

6.1.2 Pronouns: 

Unlike reflexives, pronouns also known as pronominal elements (such as him) 

cannot be bound within their binding domain but may be bound outside its 

domain. Thus, pronouns must be locally free; 

5. John thinks that [Mary likes him] 

The pronoun him lacks an antecedent inside the clause yet co-refers to the 

subject NP John (its referent) in discourse as well as it may be bound by the 

subject NP of the matrix clause (i.e. John). 

Thus, pronominal elements must be free (locally free) in their binding domain, 

which corresponds to Chomsky’s binding condition B. 

A pronominal element must also co-refer with its antecedent, that is, when two 

referential elements (i.e. NP’s) within the same structure refer to the same 

entity. However when the antecedent is referential an ambiguity may be created 

for example: 

5. a. Only Mary loves her husband. 

In terms of binding: it is stated that out of all the women only Mary has the 

property of loving her husband, which can be proven by means of logical 

syntax notation (where in this case pronominal elements are represented as 

variables). Thus, (x loves [husband of (x)]). This type of reading is often 

referred to as a sloppy reading. 

In terms of co-reference: it is stated that out of all the women only Mary has 

the property of loving her husband, which again can be proven by means of 

logical syntax notation. Thus, (x loves a) & a = the individual who is Mary’s 

husband. This reading is often referred to as strict reading. 

5. b. *John saw him 

Binding condition B rules out this sentence because the pronominal element 

him cannot be locally bound by an antecedent. 

5. c. We all know what’s wrong with Matt. Everyone hates him. Even Matt hates 

him. 
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Binding condition B cannot determine ungrammaticality in this case due to the 

fact that Matt and him co-refer however, given this evidence it seems that 

sentence 5.b. must be governed by an additional restriction besides binding 

condition B that defines its ungrammaticality. The additional restriction is Rule 

I (Reinhart 1983). 

� Rule I: NP A cannot co-refer with NP B if replacing A with C, C a 

variable A-bound by B, yields an indistinguishable interpretation. 

Given this rule sentence 5.c. is grammatical based on the interpretation of 

Matt’s self-hatred as well as hatred of him thus co-reference is allowed. The 

analysis of sentence 5.b. is different due to the fact that under Rule I 

changing the NP with another yields an indistinguishable interpretation and 

since binding condition B rules it out, no well-formed interpretation can be 

created thus the sentence is ungrammatical. 

4.1.3 R(eferential)-expressions: 

Referential expressions (such as proper names) must be free everywhere; they 

must never be bound either by a local antecedent (like reflexives) or by a remote 

one (like pronouns). 

6. Hej/*i likes John i 

The pronoun he is the subject of the finite clause which delimits its binding 

domain; the pronoun must be free within the finite clause and there is no c-

commanding antecedent. Co-indexation (i) between he and john leads to 

ungrammaticality because it forms a distinct referent of the referential expression 

John which is in violation of Chomsky’s binding condition C. That is, a binder is 

not required due to the fact that R-expressions are not referentially dependent on 

another NP and are interpretable in discourse. They independently establish a 

referent and therefore cannot be bound. 

Binding theory conditions are formulated as: 

A. Anaphors (reflexives, reciprocals) must be locally bound. 

B. Pronouns must be locally free. 

C. R-expressions must be free everywhere. 
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Where, an NP is bound when it is co-indexed with a c-commanding NP in an A-

position. The local domain of an element is delimited by the closest c-

commanding subject. [Haegeman & Guéron] 

Now that the elements are defined, let us continue to developments made with 

respect to the structural typology of pronouns. 

The theory of anaphora proposed by Chomsky (1981) discusses the classification 

of pronouns based on their distributional properties (also known as principles): 

A. An anaphor is bound in its governing category. 

B. A pronominal is free in its governing category. 

By Governing Category Chomsky defines any phrase containing a governor for 

the nominal element and a subject, where the subject subsumes the subject of 

the clause or the small clause. Anaphor binding is compulsory within the domain 

defined by the minimal subject and a pronominal binding is optional and may 

occur beyond the minimal subject. 

Pronouns that abide by the first condition are usually referred to as reflexive 

pronouns and reciprocal expressions (discussed in section 6.1.1) and those that 

abide by the second condition (condition B) are usually referred to as personal 

pronouns (discussed in section 6.1.2). A pronoun is bound if it has an antecedent 

that c-commands it, otherwise it is locally free. 

The notion of c-command refers to a structural relation where node N1 is said to 

c-command node N2 within a phrase marker if and only if the first branching 

node that dominates N1 also dominates N2 (Reinhart 1976), this notion was later 

amended. 

Though most anaphors and pronominals satisfy the above distributional 

conditions, which entail complimentarity there are anaphoric expressions that are 

able to alternate with pronominals in picture NP, genitive position and emphatic 

contexts. 

7. Theyi thought that [pictures of {themi / themselvesi}] would be on sale. 

8. John and Maryi love {theiri / each otheri’s} children 

9. Johni hid the book [behind {himi / himselfi}] 

10. Johni thinks that physicists like {himi / himselfi} are a godsend. 
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In (7) we have an example of a case involving picture NP, where a third person 

pronoun occurs within the embedded subject and is bound in the main clause 

(discussed by Warshawsky 1965, Ross 1970, Cantrall 1974, Chomsky 1981 and 

Kuno 1987). 

In (8) provides an example where anaphors and pronominals alternate in genitive 

position within object NP (discussed by Huang 1982, Chomsky 1986). 

Example (9) shows a structure where anaphors and pronominals can alternate in 

the same surface position of an object NP which is followed by a locative PP 

(discussed by Lees & Klima 1963, Chomsky 1965 and others). 

Sentence (10) provides evidence for the occurrence of complex anaphors 

(discussed by Keenan 1988) which allow conjunctive, disjunctive or comparative 

NP structures where anaphors may occur in violation of condition A (An anaphor 

is bound in its governing category). 

In order to account for these structural differences the following has been 

investigated: 

Anaphors and pronominals that seem to alternate in the same structural position 

do not occur in the same syntactic context (Chomsky 1981, 1986 and Stowell 

1983).  

(i) a. Theyi heard the stories about themselvesi 

b. Theyi heard [the ej stories about themi] 

(ii) a. Johni hid the book behind himselfi 

b. Johni hid [the book behind himi] 

That is, the anaphors and pronominals in examples (i) and (ii) do not occur within 

the same structural environment, where the anaphor is bound by the minimal 

subject (i.e. the empty category e and the book) thus, satisfying the above 

mentioned principle A. The pronominal is bound beyond the minimal subject, thus 

satisfying the above mentioned principle B. 

Another issue that has been investigated is the one concerning reflexive 

pronouns that are always clause bound and emphatic (that is, the reflexive 

pronouns that seem to be bound outside their governing category) must be 

analyzed as emphatic adjuncts. Furthermore, it seems that when the occurrence 

of a pronoun is correlated with an emphatic reading, it should be accounted for 
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as the result of independent grammatical principles which explain emphasis as an 

impact on the distribution of anaphoric expression (as discussed by Jayaseelan 

1988). 

However, amending the conditions seems to be a logical step where the concept 

of governing category is being reconsidered (Chomsky 1986). In order to account 

for phrases that are seen as a governing category for pronouns (A-pronouns and 

P-Pronouns), one must consider that only when the phrases contain an accessible 

subject (that is, a subject that is lexically distinct and that does not include the 

pronoun) anaphors must be bound within their minimal clause and pronominals 

must be free within their minimal clause. That is, A-pronouns (anaphors) seem to 

have broader binding domains than P-pronouns (pronominal elements), where 

each A-pronoun must be bound within its sentence while each P-pronoun must be 

free within its minimal clause. [Zribi-Hertz] 

Many natural languages contain a wealthier anaphora system, which can be 

analyzed outside the scope of binding theory. These languages may contain a 3-

way system for distinguishing between pronominals, simplex anaphors and 

complex anaphors, which is found beyond the 2-way distinction provided by 

binding theory. [Rueland] 

The following sub-section will examine the theory related to these differences.  

6.2 Reflexivity Theory: 

It has been believed that binding theory provided the restrictions on anaphora 

however, the empirical problems that were found warranted further analysis of 

binding conditions A and B (provided in Section 6.1). Some locality aspects of 

anaphora (i.e. local restrictions on binding discussed in the previous sub-section) 

that were considered as being governed by these binding conditions are actually 

subject to chain theory (a set of syntactic elements subject to specific conditions, 

discussed further in section 6.2.4) thus allowing the chain effects on binding 

conditions to account for cross-linguistic analysis of anaphora. 

6.2.1 Anaphoric expressions: 

Anaphoric expressions have been divided into anaphors and pronouns where 

anaphors were separated into long-distance anaphors which are considered 

universally simplex expressions (SE anaphors) and local anaphors which are 

considered complex expressions (SELF anaphors).  
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This division groups the two types of anaphoric expression based on their 

internal structure in which SE anaphors are structurally identified with 

pronouns, i.e. they appear in the determiner position and SELF anaphors are 

identified with reflexives, i.e. they appear in the head noun position (N). Unlike 

pronouns in most languages SE anaphors lack phi-features (number and 

gender), which cannot provide an argument that is interpretable by itself. This 

referential shortcoming is shared by both SE and SELF anaphors which prevents 

them from being used as demonstratives referring to some thing in the world. 

However, SELF anaphors differ from SE anaphors by their reflexivizing function 

with respect to the semantic restriction that they put into effect on the value of 

two arguments of a predicate. These properties are evident in the typology of 

the anaphoric expressions: 

 

 SELF SE Pronoun 

Reflexivizing Function + - - 

R(eferential 

independence) 

- - + 

 

These properties are governed by different modules of linguistic knowledge that 

is used to account for the distribution of anaphora where SE and SELF anaphors 

are joined by their lack of referential independence (-R expressions). The 

domain in which anaphoric expressions occurs is delimited by their 

grammatical function that is, the local domain of reflexivity where SELF 

anaphors have a reflexivizing function over the predicate thus refelxivizing it 

cannot apply to SE anaphors and pronouns which do not have this function. The 

second domain is that which allows SE anaphors to be bound by moving to I 

position in order to receive phi-features is possible by combining binding theory 

and movement theory yet the domain of reflexivity warrants reformulating the 

binding conditions. 

6.2.2 Conditions: 

Binding condition A states that an anaphor is bound in its governing category 

and Binding condition B states that a pronoun is free in its governing category 
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where pronouns cannot appear in an environment allowing anaphors however, 

in cases of adjuncts and NP anaphora both pronouns and anaphor can appear in 

violation of the above mentioned conditions. 

1. Max saw a gun near himself/him 

2. Lucie saw a picture of herself/ her 

3. Max criticized himself/*him 

In (1) the anaphor is in an adjunct PP thus, cannot be viewed as an argument 

required by the verb’s grid by itself and in example (2) it is embedded in the 

argument structure whereas in sentence (3) the anaphor and its antecedent are 

co-arguments. The above examples show that pronouns are disallowed in a co-

argument relationship between the pronoun and its antecedent (as in example 

3). 

Moreover, the environments that allow pronouns to be free are more restrictive 

than those that allow anaphors to be bound. In languages which allow nominal 

elements to be long distance bound, pronouns are still excluded in the same 

local co-argument contexts (for example: Jan haat zichzelf/*zich). 

Therefore, condition B must be revised to account for both the distribution of 

pronouns and reflexive predicates under the domain of reflexivity.  

Reflexive predicates are predicates whose arguments are co-indexed and which 

are allowed when reflexive marked that is, the predicate’s head undergoes 

reflexivization by having one of its arguments absorb one of its theta-roles. The 

definition is as follows:  

a. A predicate is reflexive if and only if two of its arguments are co-

indexed. 

b. A predicate P is reflexive-marked if and only if either P is lexically 

reflexive or one of its arguments is a SELF anaphor. 

Based on this definition, condition B must be reformulated to account for 

reflexivity as follows: 

Condition B: A reflexive predicate is reflexive marked. 

This condition does not account for SE anaphors that lack reflexivizing function 

(i.e. they do not reflexive-mark the predicate) yet it provides the explanation 
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for the fact that if a predicate is lexically reflexive it accepts two co-indexed 

argument which allows SE anaphors to appear.  

4. Max wast zich 

Max washes SE 

Condition A of binding theory states that anaphors must be locally bound 

however, in English first and second person SELF anaphors can appear without 

a sentential antecedent which leads to the assumption that the context allows 

for these occurrences despite of violating condition A. that is, the condition 

must be amended with respect to reflexivization rather than anaphor binding 

where reflexive marking indicates reflexive interpretation of the predicate. 

5. Maxi criticized himselfi 

In this case the anaphor himself makes the predicate criticize reflexive-marked 

thus, requiring the predicate to be reflexive which satisfies the definition that 

two arguments must be co-indexed. Therefore condition A is amended as 

follows: 

Condition A: A reflexive marked predicate is reflexive. 

This condition allows SELF anaphors to have logophoric use in cases where they 

do not appear in argument position and do not reflexive mark the predicate and 

to have emphatic (focus) use in discourse where a SELF anaphor can occupy 

argument position at surface structure. 

6. This letter was addressed only to myself 

The logophoric SELF anaphor undergoes movement at LF and is no longer found 

in argument position therefore it does not reflexive marks the predicate thus 

the predicate is not required (by condition A which does not apply) to be 

reflexive [Reinhart & Reuland 1991 & 1993]. 

6.2.3 Variable binding and co-reference: 

Anaphoric expressions (discussed in section 6.2.1) share one distinctive 

property, they lack referential independence (-R) that prevents them to directly 

select an antecedent thus the antecedent must be mentioned prior to the 

anaphors in discourse. This leads to the assumption that anaphors must be 

interpreted as bound variable as a result of syntactic co-indexation or as a 

result of co-reference under discourse [Reinhart & Reuland 1991 & 1993 and 
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Noguchi 1997]. Let us now examine co-reference and variable binding in order 

to understand what they entail. 

Standard BT may also be examined with respect to co-referential aspects of 

lexical pronouns which convey a relation between the pronoun and a referential 

antecedent, i.e. co-reference. This reference assigns a fixed value within the 

domain that defines the relation between linguistic structures and their use in 

discourse. However, co-reference is problematic with respect to binding 

conditions under standard BT which determine co-indexation. To overcome this 

problem one may consider that co-reference is an exception where pronouns 

are free to select their reference in discourse thus these pronouns are used 

referentially. Unlike the referential pronouns other anaphoric elements must be 

syntactically bound by a c-commanding antecedent and share a semantic 

property of being interpreted as bound variables, where anaphoric pronouns 

may be bound variables but are independent of the semantic interpretation of 

their antecedent. 

As a result of the above considerations a reduced version of BT has been 

suggested (Reinhart 1983): 

Definition: 

� A node α is bound by a node β iff α and β are co-indexed and β c-

commands α. 

Conditions: 

A. An anaphor is bound in its governing category. 

B. A pronoun is free in its governing category. 

Interpreting anaphoric pronouns as bound variables (as mentioned above) is 

subject to the following definition: 

Translation definition: 

An NP is a variable iff either 

i. It is empty and A’-bound, or 

ii. It is A-bound and lacks lexical content. 

Other cases of NP co-indexation are un-interpretable. 
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Translation definition (ii) provides a definition with which anaphoric expressions 

may be interpreted and presents the following extension of the different co-

indexed NPs where lexical anaphors are variables and pronouns are co-

referential if they are co-indexed with a referential NP otherwise they too are 

variables. R-expressions that do not lack lexical content and are A’-bound are 

viewed as referential as well. 

Another development has been made with respect to the constraints on intra-

sentential co-reference that involves using the appropriate context to convey 

meaning rather than be governed by syntactic conditions.  

 (a). Jim admires him 

Moreover, the fact that Condition B governs binding but not co-reference rules 

out sentences like (a) because him can be interpreted as a variable bound by 

Jim (interpreted as: Jim /x (x admires x)) which prevents derivations where 

||Jim||=J and ||him||=J both interpreted as the same individual Jim. 

However, these constructions are possible under some discourse conditions 

rather than under binding condition B that allows or prevents their occurrence 

based on the following generalization rule concerning intra-sentential co-

reference: 

Rule I: intra-sentential co-reference 

� NP A cannot co-refer with NP B if replacing NP A with NP C, C a 

variable A-bound by B, yields an indistinguishable interpretation. 

� *B….A…= B….C… 

That is, if a structure allows bound variables, co-reference is preferred only if it 

is distinguishable from other bound anaphora. This rule is applied at LF due to 

the fact that it examines the ability to replace A (an expression) with C (an A-

bound variable) that would satisfy the binding conditions of B c-commanding A 

at S-structure. [Grodzinsky & Reinhart 1993 and Noguchi 1997] 

6.2.4 Definitions and chain conditions: 

We have previously discussed (in section 4.2.2) the Reflexivity conditions where 

we have seen that condition A is syntactic in nature, it checks for reflexive 

marking whereas condition B is semantic in nature, it assumes that a reflexive 

marked predicate is reflexive. The definitions are as follows: 
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a. The syntactic predicate formed of (a head) P is P, all its syntactic 

arguments, and an external argument of P (subject). The syntactic 

arguments of P are the projections assigned theta-role or Case by P. 

b. The semantic predicate formed of P is P and all its arguments at the 

relevant semantic level. 

c. A predicate is reflexive if and only if two of its arguments are co-indexed. 

d. A predicate (formed of P) is reflexive marked if and only if either P is 

lexically reflexive or one of P’s arguments is a SELF-anaphor. 

Based on these revisions the binding conditions have been adjusted 

accordingly: 

Condition A: A reflexive marked syntactic predicate is reflexive. 

Condition B: A reflexive semantic predicate is reflexive marked. 

These entail that condition B allows reflexive marked predicates but rules out 

unmarked predicates as in example (7) and Condition A does not rule out 

anaphors when they are not arguments of a syntactic predicate as in example 

(8). 

7. *Max rolled the carpet2 [over it2] 

Max rolled the carpet2 [over itself2] 

8. Max1 rolled the carpet2 [over himself1] 

Max rolled the carpet2 [over itself2] 

It has been suggested that NP movement and anaphora are related due to the 

fact hat they are governed by similar restrictions, i.e. in the syntactic domain 

where a moved NP can bind its trace an NP can bind a referentially deficient (-

R) anaphor however, it cannot bind a pronoun (+R) or any other referential 

element. This lead to the broad definition of the domain governing the Chain-

condition: 

A-chain (argument chain) is any sequence of co-indexation that is headed by 

an A-position and satisfies antecedent government: each co-indexed link, 

except for the head, is c-commanded (m-commanded) by another link, and 

there is no barrier between any two of the links. 
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The syntactic (Case) requirement on A-chains is that A-chain forms a single 

argument. There is one Case (in its head position). And therefore:  

� A maximal A-chain (a1…an) contains exactly one Case marked position a1 

that is both +R and Case-marked. 

a1…….an 

+R –R –R –R 

Case head….tail. 

Example: 

*Himselfi praised Felixi/himi/himselfi 

� An NP is +R iff it carries a full specification for phi-features (gender, 

number, person) and structural case. 

This entails that both SE and SELF-anaphors do not contain a full specification 

for structural case (that is spelled out among the phi-features) and therefore 

are deficient in respect of NP definition: an NP is +R if and only if it carries a full 

specification for phi-features and structural case. Thus the chain condition must 

license a chain in cases where the head link is fully specified for Case and its 

Case is realized. 

The Semantic (theta) requirement on A-chains is that a maximal A-chain 

(a1…an) has 

a. Exactly one theta-marked link per theta-assigner. 

 This entails that the chain has one theta-position that must be assigned one 

theta-role.  

An A-chain forms in the syntactic requirements one argument which contains 

one link (a case marked +R NP) this property often enables its interpretation as 

a single semantic argument. 

Based on the above syntactic and semantic requirements the Chain-condition 

states that: 

A maximal A-chain (a1…an) has: 

a. Exactly one link a1 which is both +R and marked for structural case. 

b. Exactly one theta-marked link per theta-assigner. 
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[Reinhart & Reuland 1991 & 1993] 

It is the intention of this thesis to examine how the Linguistic theories 

(discussed in this chapter) could be formalized in order to accommodate both 

the people who wish to learn them as well as the computer (by means of a 

learning mechanism) that needs to represent their content. This can be 

achieved by utilizing ontologies to represent the data (as discussed in chapter 

4) bearing in mind the specific requirements of the use case (as discussed in 

chapter 5). 

6.3 Formalizing the Linguistic content: 

In order to provide the capability of inferring data not only by people but by 

computers as well we must initially formalize the contents that we intend to use. 

That is, generate key concept-terms from the learning material (linguistic 

content) discussed in the use case. The linguistic theories provide the content 

that forms the basis from which key concepts (see Figure 5) may be created with 

respect to the theoretical and structural definitions conveyed by the Linguistic 

theories. They all share the property ‘hasLevel’ which indicates the level of 

difficulty in respect of the contents they provide. The level is predetermined by 

means of an AXIOM that assigns the level of ‘beginner’, ‘intermediate’ or 

‘advanced’ to the key concepts. 

The AXIOM is represented internally by the following code snippets: 

 

 

 

 

 

 

 

 

 

The concepts receive the value_type with in their own code representation which 

is denoted as follows: 

<class> 

  <name>owl:DataRange</name> 

<name>Axiom_1</name> 

<own_slot_value> 

 <slot_reference>rdfs:comment</slot_reference> 

                         <value value_type="string">Beginner / Intermediate</value> 

</own_slot_value> 

</class> 
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The ontology class-concepts are divided into super-classes with their 

corresponding sub-classes and are represented by the following structure: 

 

Figure 5: Content Ontology classes derived from linguistic concepts. 

 

The first key concept (super-class) is labeled ‘Standard BT’ it represents the 

overview of the theory in general. The key concepts contained in ‘Standard BT’ 

represent the major structural elements that the theory provides as the means of 

analysis (discussed in section 6.1). This key concept has the property ‘hasLevel: 

Beginner’ which is inherited by all sub-concepts. It indicates that these contents 

are suitable for students with little or no prior knowledge of standard Binding 

Theory. 

The code specifies all relevant properties that belong to the classes and 

generates the computer readable representation of the data.  

 

<value value_type="string">Beginner / Intermediate</value> … 

<template_slot>Beginner_IntermediateLevel</template_slot> 
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The super-class ‘Standard BT’ and its sub-classes are represented by the 

following code (the following is a snippet of ‘Standard BT’): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

<class> 

  <name>Standard_BT</name> 

  <type>rdfs:Class</type> 

  <own_slot_value> 

   <slot_reference>rdfs:label</slot_reference> 

   <value value_type="string">Standard Binding Theory</value> 

  </own_slot_value> 

  <own_slot_value> 

   <slot_reference>rdfs:comment</slot_reference> 

   <value value_type="string">An NP is bound when … Here appears 

description </value> 

  </own_slot_value> 

  <own_slot_value> 

   <slot_reference>rdf:type</slot_reference> 

   <value value_type="class">rdfs:Class</value> 

   <value value_type="string">Beginner Level</value> 

  </own_slot_value> 

  <superclass>owl:Thing</superclass> 
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Sub-concept ‘C-Command’ (sub-class of ‘Standard BT’) relays the structural as 

well as the relation contained within this definition (see section 6.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The same type of coding applies to the rest of the classes and sub-classes that 

belong to the super-class ‘Standard BT’. 

<class> 

  <name>C-Command</name> 

  <type>rdfs:Class</type> 

  <own_slot_value> 

   <slot_reference>rdfs:subClassOf</slot_reference> 

   <value value_type="class">Standard_BT</value> 

  </own_slot_value> 

  <own_slot_value> 

   <slot_reference>rdfs:label</slot_reference> 

   <value value_type="string">C-command</value> 

  </own_slot_value> 

  <own_slot_value> 

   <slot_reference>rdfs:comment</slot_reference> 

   <value value_type="string">C-command is a binary relation … Here 

appears the description</value> 

  </own_slot_value> 

  <own_slot_value> 

   <slot_reference>rdf:type</slot_reference> 

   <value value_type="class">rdfs:Class</value> 

<value value_type="string">Beginner Level</value> 

  </own_slot_value> 

  <superclass>Standard_BT</superclass> ���� here appears the hierarchy 

 </class> 
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Sub-concept ‘Conditions’ (sub-class of ‘Standard BT’ and sister to sub-class ‘C-

Command’) contains the structural principles behind anaphoric expressions (see 

section 6.1). These conditions are also referred to as principles in various 

linguistic resources, which represent the same structural principles therefore, in 

order to overcome confusion the label conditions have been selected, and thus, 

binding theory principles are now called conditions. Each condition (A, B and C) is 

represented as a sub-class of the concept ‘Conditions’). 

The sub-concept ‘Government’ (sub-class of ‘Standard BT’ and sister to sub-

classes ‘C-Command’ and ‘Conditions’) represent another important element of 

the theory which is relevant to the understanding of the structural relationship 

between lexical elements that are involved in the theory. It contains the sub-

concept ‘Governing Category’ (sub-class of ‘Government’) which provides the 

structural definition of government relationship (see section 6.1). 

The same type of coding (displayed above) applies to the following super-class 

and its sub-classes as well. 

Another key concept is ‘Reflexivity’ (super-class, sister to super-class ‘Standard 

BT’), which represents an overview of the theory. The key concepts contained in 

‘Reflexivity’ represent the major syntactic and semantic elements that the theory 

provides as the means of analysis. This key concept has the property ‘hasLevel: 

Intermediate or Advanced’ which is inherited by all sub-concepts whose level 

differs based on the level of difficulty they represent. It indicates that these 

contents are suitable for students with prior knowledge of standard Binding 

Theory, i.e. intermediate and for students with prior knowledge of both BT and 

Reflexivity i.e. Advanced. 

The sub-concept ‘Binding and variable binding’ provides the contents on binding 

definitions and conditions that are discussed in the learning material (see section 

6.2). This concept and its sub-concepts have the property ‘hasLevel: 

Intermediate’ designed for students that have prior knowledge of Binding theory. 

the sub-concepts are: sub-concept ‘Binding conditions’ which provide the 

standard binding conditions (discussed in section 6.2) and sub-concept ‘Binding 

definitions’ which represent standard binding definitions as well as sub-concept 

‘Variable translation definition’ that conveys the definition of NP as being 

interpreted as a variable. 
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Sub-concept ‘BT conditions under Reflexivity’ (sister to sub-concept ‘Binding and 

variable binding’) provides the amended standard conditions with respect to 

reflexivity (discussed in section 6.2). This concept and its sub-concepts have the 

property ‘hasLevel: Intermediate’ designed for students with prior knowledge of 

Binding theory. The sub-concepts are: ‘sub-concept ‘Condition A’ and sub-

concept ‘Condition B’ that provide the amended conditions. 

Sub-concept ‘Co-reference’ portrays the relation between structural elements and 

their use in discourse (discussed in section 6.2). It has the property ‘hasLevel: 

Intermediate’ and is related to sister concept ‘Binding and variable binding’ in 

respect of the linguistic content it entails. 

The following sub-concept is ‘Anaphoric expressions’ (discussed in section 6.2) 

that represents the anaphoric elements in respect of their structural and 

referential use. It has the property (inherited by its sub-concepts) ‘hasLevel: 

Advanced’ which is designed for students with prior knowledge of Reflexivity 

theory. Its sub-concepts are: sub-concept ‘Domain’ which represents the binding 

domain of the anaphoric expressions, sub-concept ‘SE Anaphors’ which provides 

the simplex type of anaphoric expressions, sub-concept ‘SELF Anaphors’ which 

gives the complex type of anaphoric expressions and sub-concept ‘R-property’ 

which defines the referential independence of the anaphoric expressions. 

Sub-concept ‘Definitions’ (discussed in section 6.2) contain the definitions with 

respect to reflexive marking of syntactic and semantic predicates. It has the 

property ‘hasLevel: Advanced’ designed for students who have prior knowledge of 

Reflexivity theory. 

Sub-concept ‘Chain condition’ (discussed in section 6.2) conveys the chain-theory 

with respect to chain condition and the semantic and syntactic requirements on 

A-chains. It has the property ‘hasLevel: Advanced’ designed for students with 

prior knowledge of Reflexivity theory. 

The sub-concept ‘Rule I’ (discussed in section 6.2) provides the extension to co-

reference and variable binding with respect to intra-sentential co-reference. It 

has the property ‘hasLevel: Advanced’ which is designed for students who have 

prior knowledge of Binding theory and Reflexivity theory. 
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7. Linguistic Content and the Semantic Web 

In chapter 6 we have seen how linguistic content can be formalized in order to 

accommodate ontology development (discussed in chapters 2 & 4). We shall now 

turn to the creation of the content ontology with respect to the learning material 

(discussed in chapter 6) as well as the guidelines and principles that govern 

ontology construction (discussed in chapter 2). 

Let us first consider the following based on the role of ontology and the use case 

(chapters 4 & 5): 

The content ontology: 

The professor constructs a content ontology (see Chapters 2 and 4) in order to 

provide a way to describe key concepts within the domain and specify the 

relations between the concepts and their given properties (see Section 6.3). In 

this case the learning material discusses Binding theory and Reflexivity theory 

(discussed in chapter 6) that are deconstructed into concepts and their sub-

concepts based on content relevancy. Furthermore, the ontology provides the 

conceptual hierarchy to those concepts which contains the learning objects that 

the student will retrieve in the interface. 

The learning material has been converted into XML format (see Figure 6) because 

not only XML forms the underlying layer of the semantic web but it can be used 

to describe data classes and encode their logical representation as well as provide 

an expressive manner in which data-documents can be easily created.  

 

 

Figure 6: Conversion of learning material to XML. 

 

These documents appear to be consistent in terms of data representation. 

Furthermore, it utilizes entities, elements and their characters to ensure a well-

formulated document, which is governed by various constraints that impose 
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consistency on the documents. [Passin] Our professor is now able to map 

(chapter 2) the learning material into the hierarchical structure of the content 

ontology by means of RDF schema, which enables the representation and 

processing of data, that consists of resources, properties and statements as well 

as utilizes XML-base syntax in order to generate both syntactic and semantic 

interoperability [RDF Primer, Passin]. 

For example the following code snippet allows definition of various types and 

references, which enable data identification by an XML parser (will be discussed 

later in this chapter): 

 

  

 

Moreover, the learning material (linguistic content) is represented as learning 

objects (discussed in section 3.2) in order to enable fast and better retrieval 

process. The classification of the content ontology is based on the concepts that 

formally describe the topics of learning material (shown in section 6.3) where the 

learning objects are annotated (the learning objectives were specified in the use 

case chapter 5). Thus the properties of the concepts are used to assign value to 

the metadata element (discussed in section 3.2) that is describing the learning 

object (such as its type, content and format). This allows direct access to the 

learning object’s components that are relevant to the specific learning process of 

a tutorial (for example the level of prior knowledge that is required). The content 

can be then modified, changed or removed based on the goals of the learning 

process due to the fact that the learning objects are decomposed into smaller 

content units according to the learning goals. That is, new learning objects can be 

automatically annotated with metadata elements when they are introduced into 

the structure by means of identifying the set values of the metadata elements of 

each learning object. [Jovanovic, Gasevic, Devedzic] 

The Pedagogy Ontology: 

 

<type>rdfs:Class</type> - XML-based rdfs notation 

<rdfs:ClassOf rdf:Class="#"/> - XML parser rdfs notation 
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Figure 7: Pedagogy Ontology classes and slots for the learning environment. 

In order to incorporate the learning material into a well defined underlying 

structure; Professor X selects pedagogy ontology (Section 2.2) which gives one 

the means to classify the material that is used for exercises or tutorials. Thus it 

facilitates task performance in the learning environment since the material is 

arranged and classified according to its intended use. The ontology contains 

classes that are titled ‘Tutorial’ with the slots ‘has_name,’ (i.e. the name of the 

theory discussed) ‘has_level,’ (i.e. the level of progress for that tutorial from 

beginner through intermediate to advanced) and ‘has_objective’ (i.e. the 

learning result), the learning documents will be annotated to allow access to 

the information contained within these classes [Emanuela Moreale, Maria 

Vargas-Vera].  

The Axiom (described in section 6.3) defines the level of similarity between the 

structural classes in order to facilitate the choice of level that a student needs 

when using the learning mechanism and in this case should a student require 

an intermediate level of knowledge because he already knows the basics of 

Binding theory and would like to learn more about binding and variable binding. 

That is, the definitions and conditions that are an extension to the first tutorial - 

and which provides the student with general knowledge and conditions of 

Binding theory - that student will select Tutorial 2 as a starting point from 

which he could further his education. The property of level of the tutorials, their 

embedded exercises modules and the mini-test modules is defined as follows: 
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Tutorial 1: ‘hasLevel: Beginner’ 

Exercise Module 1: ‘hasLevel: Beginner’ 

Tutorial 2: ‘hasLevel: Intermediate’ 

Exercise Module 2: ‘hasLevel: Intermediate’ 

Tutorial 3: ‘hasLevel: Advanced’ 

Exercise Module 3: ‘hasLevel: Intermediate/Advanced’ 

Tutorial 4: ‘hasLevel: Advanced’ 

Exercise Module 4: ‘hasLevel: Advanced’ 

 

Back to the Use Case: 

In chapter 6 we have discussed how the learning material is formalized and mapped 

into a conceptual scheme. We shall now discuss the structural formalization of the 

contents, i.e. the possible pedagogic role of the learning objects. The pedagogy 

ontology contains concepts such as: tutorials, exercises and tests. Let us first return 

to the learning material which will be discussed with respect to its pedagogical goals. 

The Learning Material: 

Professor X divides the learning material (discussed in chapter 6) into four 

tutorials on the various aspects and theories provided by the required reading 

material. 

Standard Binding Theory: 

This tutorial is designed for students with little or no prior knowledge of Binding 

Theory and thus it has Beginner level. This tutorial provides users with the 

formalized concepts (from the content ontology) that have the property of 

‘hasLevel: Beginner.’ 

The tutorial contains concepts that are related to Binding Theory such as the 

general definitions, conditions and relations (c-command and co-indexation) the 

theory discusses (see chapter 6). An exercise module is embedded within this 

tutorial to allow students to rehearse the material they have learned. The 

students are also offered to view the recorded lectures given on the theory as 

well as links to additional online materials. 
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Reflexivity Theory – Part I: 

This tutorial is designed for students with prior knowledge of Binding Theory but 

no knowledge of Reflexivity theory and thus is of Intermediate level. The tutorial 

provides users with the formalized concepts that have the property of ‘hasLevel: 

Intermediate.’ 

The tutorial contains concepts that are related to Reflexivity theory namely, the 

revised conditions as well as concepts that are related to variable binding 

namely, the general definitions and conditions conveyed in the theory. An 

exercise module is embedded within this tutorial to allow students to rehearse 

the material they have learned. The students are also offered to view the 

recorded lectures given on the theory as well as links to additional online 

materials. 

Reflexivity Theory – Part II: 

This tutorial is designed for students with a prior knowledge of Reflexivity theory 

and thus it has Advanced level. The tutorial provides users with the formalized 

concepts that have the property of ‘hasLevel: Intermediate/Advanced.’ 

The tutorial contains additional concepts that are related to Reflexivity theory 

namely, the definitions, anaphoric expressions as well as concepts that are 

related to variable binding namely, co-reference and chain-condition conveyed in 

the theory. An exercise module is embedded within this tutorial to allow students 

to rehearse the material they have learned. The students are also offered to view 

the recorded lectures given on the theory as well as links to additional online 

materials. 

Reflexivity Framework: 

This tutorial is designed for students with prior knowledge of Reflexivity theory 

and thus is of Advanced level. The tutorial provides users with the formalized 

concepts that have the property of ‘hasLevel: Advanced.’ 

The tutorial contains additional concepts that are related to Reflexivity theory 

namely, the definitions, anaphoric expressions as well as concepts that are 

related to variable binding namely, Rule I conveyed in the theory. An exercise 

module is embedded within this tutorial to allow students to rehearse the 

material they have learned. The students are also offered to view the recorded 

lectures given on the theory as well as links to additional online materials. 
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The Learning environment: 

Professor X wishes to create a digital learning environment (see Figure 8) that 

would benefit students who either desire additional learning time or have 

missed lectures.  

 

Figure 8: The EEF learning mechanism’s structure. 

 

The learning environment consists of a stable yet flexible underlying structure in 

terms of a pedagogy ontology that defines the hierarchical structure of the 

environment (see Figure 7) and a content ontology that defines key linguistic 

concepts extracted from the learning material (see Figure 5 in Section 6.3). The 

learning material is then mapped into the content ontology (discussed in Section 

6.3) with respect to content relevancy to which additional content may be added 

and the existing content may be augmented according to the student’s learning 

needs. 

The Taxonomy: 
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The next step that our professor takes is to construct a taxonomy (see Text 1), 

which provides the professor with the hierarchical structure conveying the 

relationship (conceptual) schemes contained in the ontologies by using the 

property ‘hasLevel’.   

 

 

 

 

 

 

 

 

Text 1: The Tutorial Taxonomy snippet. 

It gives a simple organizational overview of objects (in this case linguistic 

concepts) that are divided into groups (Tutorials and mini tests) that is less broad 

than the ontologies’ conceptual representation. That is, the hierarchical structure 

of the taxonomy conveys the classifications for a given set of the Tutorials. At the 

top of this structure a single classification is found (in this case Tutorial…), which 

functions as the root node that applies to all relevant concepts it contains. The 

nodes below this root node (i.e. Tutorial…) are specific classifications (in this case 

the linguistic concepts) that apply to subsets of the total set of classified 

concepts. In this case, it is based on their property ‘HasLevel’ that defines which 

content concepts are to be mapped into each tutorial (in the taxonomy) based on 

their level (beginner, intermediate or advanced) as well as which structural 

concept (tutorial 1, exercise module 1, etc.) would be mapped into the same 

position within the taxonomy thus, creating an automated retrieval mechanism 

Taxonomy - Tutorials 

(INDEX: T: Tutorial, EM: Exercise Module, C: Concept) 

T: Tutorial 1 

DESCRIPTION:Tutorial Binding theory for Beginner level 

 T:Binding Theory under GB 

   C: Standard_BT 

     C: C-command 

     C: Conditions 

       C:A 

       C:B 

       C:C 

            C:Government 

          C: Governing Category 

 EM: Exercise Module 1 

   C:Exercise_Module_1        
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based on the Level that has been assigned to the structural and content concepts 

within the ontologies. [http://en.wikipedia.org/wiki/Taxonomy] 

The Taxonomy is created by means of Simple Knowledge Organization System 

(SKOS)2 that provides the model for expressing the basic structure and content 

of concept schemes in this case the Tutorial taxonomy which defines the concept 

structure for each tutorial based on their Level property, for example tutorial 1 

contains the concepts Tutorial 1 from the pedagogy ontology (to be discussed in 

chapter 7), which has the property ‘hasLevel: Beginner’ and the content concept 

(together with its sub-concepts) standard BT, which have the same property 

‘hasLevel: Beginner’ (see Text 1) from the content ontology. SKOS applies RDF in 

its vocabulary, which is used to express the concept scheme in an RDF-graph 

(see Figure 9).  

 

Figure 9: RDF-graph for Tutorial 1. 

This allows the data to be linked or merged with other data, which enables the 

distribution of data sources across the web that is still meaningfully composed 

and incorporated. Thus, it relates the corresponding concepts from the ontologies 

based on the Level property. 

                                            
2
 http://www.w3.org/2004/02/skos/  
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The learning objects (previously discussed) are also specified by the RDF 

vocabulary used to express the concept scheme. That is, concepts that are 

defined in the content ontology are used to annotate the learning objects, 

according to their components, which can be attached by means of SKOS to the 

appropriate tutorial with reference to their set value. For example in Tutorial 1 (of 

the taxonomy) the skos:ConceptScheme would formally define the concepts 

contained in the content ontology for the domain of standard Binding theory by 

means of assigning SKOS properties such as skos: prefLabel and also describe 

the derived semantic properties; these would enable structuring the domain in a 

generalized hierarchy. The structuring is implemented by means of skos: broader 

and its inverse skos: narrower properties. It also permits definition of the 

semantic relations between the concepts that are found in different nodes of the 

hierarchy that are related to the domain by means of skos: related. SKOS is used 

to describe the classification and the properties required for retrieval in order to 

achieve an automated retrieval process of the relevant concepts, their 

annotations and properties (i.e. it calls for the set values that were defined in the 

metadata). 

The role of the taxonomy in respect of the pedagogy ontology: 

The taxonomy provides the structure of the Tutorials which defines the concept 

structure for each tutorial based on their Level property, e.g. Tutorial 1 contains the 

concept Tutorial 1 from the pedagogy ontology, which has the property ‘hasLevel: 

Beginner’ and the content concepts which have the same property (see Text 1) from 

the content ontology (discussed in section 6.3 and earlier in this chapter). It 

integrates the corresponding concepts from both ontologies based on their Level 

property. 

The learning objects and their metadata elements contained within the pedagogy 

ontology must also be specified by the RDF-vocabulary used in SKOS to express the 

structural concept scheme. The key concepts defined in the pedagogy ontology (such 

as Tutorial_1) are used to annotate the pedagogical role of the learning objects, 

according to their set value, which can be attached by means of SKOS to the 

appropriate taxonomy tutorial. For example, in Tutorial 1 (of the taxonomy) the 

skos:ConceptScheme would formally define the concepts contained in the pedagogy 

ontology for the domain of each tutorial by assigning SKOS property skos: prefLabel 

and also describing the derived semantic properties; these would enable structuring 
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the domain in a generalized hierarchy. It also permits definition of the semantic 

relations between the concepts that are found in different nodes of the hierarchy 

(such as exercise module) that are related to the domain. SKOS is used to describe 

the structural classification and properties required for retrieval, i.e. it calls for the 

set values that are defined in the metadata.  

Once the underlying structure has been created, our professor could now consider 

the means with which to relate this structure to the interface. He will create a 

Taxonomy API3 (Accessible Programmable Interfaces) that would relate widgets to 

the functional structure of the taxonomy by mapping it into the interface components 

(in this case, the navigation). That is, the interface components (navigation buttons) 

will be defined in this API together with the link to the Tutorial that is contained in 

the taxonomy, which in turn relate to the conceptual scheme derived from the 

ontologies (See Text 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Text 2: The Taxonomy API snippet. 

                                            
3 http://www.w3.org/WAI/PF/GUI/roleTaxonomy-20060221.html  

API - Tutorial taxonomy 

<?xml version="1.0" encoding="UTF-8"?> 

<!DOCTYPE rdf:RDF [ 

<!ENTITY xsd "http://www.w3.org/2001/XMLSchema#"> 

<!ENTITY dc "http://dublincore.org/2003/03/24/dces#"> 

<!ENTITY owl "http://www.w3.org/2002/07/owl#"> 

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

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

<!ENTITY states "http://www.w3.org/2005/01/aaa#"> 

<!ENTITY skos "http://www.w3.org/2004/02/skos/core#">]]> 

<rdf:RDF xmlns:rdf="http://....-rdf-syntax-ns#" 
xmlns:rdfs="http://...rdf-schema#" xmlns:dc="http:...#" 
xmlns:owl="http://.../owl#" xmlns:role="http://.../Tutorial Taxonomy#" 

xmlns:skos="http://.../skos/core#" 

xml:base="http://..../Tutorials"> 

<owl:Class rdf:ID="button"> 

<rdfs:subClassOf rdf:resource="#widget"/> 

<role:baseConcept rdf:resource="http://....html#edef-BUTTON"/> 

<role:relatedConcept rdf:resource="#T1"/> 

<dc:description xml:lang="en">Tutorial 1 button </dc:description> 

<role:domRef rdf:resource="&states;Tutorial_1"/> 

</owl:Class> 
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User Scenario: 

Student Y has signed up to Professor X’s course on binding theory and reflexivity 

theory though he posses very little knowledge on either theory he is informed by the 

professor that he would be able to catch up by utilizing the EEF learning mechanism 

along side reading the obligatory materials assigned for the course.  

How it’s done: 

Student y arrives at the homepage of the learning mechanism, there he is informed 

on the types of tutorials (for example: Tutorial 1 provides information about Binding 

Theory. It is design for students who have little or no knowledge of this theory.) 

Student y now turns to the navigation menu available on the left-side of the 

webpage. He clicks the button labeled Tutorial 1. 

The student is now directed to the tutorial and begins his learning process. 

Behind the scene: 

By clicking the button labeled tutorial 1 student y unknowingly initiates the interface 

agent (see Section 2.1); the taxonomy API (contained on the client-side) which 

retrieves the data encoded in the taxonomy’s conceptual schema tutorials (namely 

the sub-structure which conveys tutorial 1) contained on the server-side, that 

retrieves the structural and conceptual objects (i.e. concepts) from the pedagogy 

and content ontology (that share the property ‘hasLevel: Beginner’) onto which the 

learning material is mapped (see Figures 10 & 11). 

 

 

Figure 10: Code overview of Data retrieval. 
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Figure 11: Data retrieval Diagram. 

 

The student gains access to the desired learning objects (discussed in Chapter 5 and 

7) and happily engages in the learning process while being unaware of the retrieval 

procedure that is needed to connect him with the relevant material. Furthermore, the 

professor may add, modify or remove linguistic concepts from the content ontology 

(by assigning the property ‘hasLevel:” to the new concepts or changing the given 

level in existing concepts) without the need to change the taxonomy accordingly 

(which is designed to retrieve concepts from either ontology with respect to the 

property ‘hasLevel’) that would allow his student y to expand his learning process 

based on his needs. 
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8. The EEF-Learning Mechanism Mockup 

The mockup is an HTML representation of the mechanism whose underlying 

structure has been discussed in previous chapters (see Chapters 5 and 7). It 

presents the way in which the material can be organized into tutorials (levels) as 

they appear on the client-side (i.e. the interface). The mockup makes use of the 

use-case and the user scenario as a template for the linguistic content and its 

representation. 

The user interface offers an interactive learning environment that integrates 

different types of media such as, Text, Video, Scripts (Action, Java, etc.), 

Animation and other types of multimedia in order to create an effective, dynamic 

and enjoyable environment [Anderson, Chapman & Chapman, Shirky]. 

The mockup is available for perusing on the DVD-R submitted with the (printed 

version of the) thesis (see DVD-R); it is IE 6.0 compatible and requires systems 

to have an updated version of Active-X and other media plug-ins. 

The following has to be done to view the mockup: 

1. Insert DVD-R disc into DVD-ROM 

2. (Windows XP) in the take action window click icon labeled Open writable CD 

folder using windows explorer, click ok button (the folder will now become 

available). 

In other systems open my computer and select (double click) DVD-drive. 

3. Double Click file: Introduction.htm (the mockup will now load). 

 

8.1 Theoretical considerations: 

Prior to creating a learning mechanism that would be effective in terms of its use 

and understanding, one must consider how it is perceived by end-users as well as 

the cognitive processes that are involved (discussed in section 8.1.2). That is, 

one must take into account that end-users would have certain expectations based 

on past experiences, capabilities and knowledge which would influence the users’ 

view of the learning mechanism. Such considerations are important to create an 

environment that is effective in terms of its usability and the way in which it 

makes use of the cognitive processes governing the learning experience. 
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8.1.1 Usability: 

Usability refers to the users’ needs, where a system should be ‘user-friendly’ in 

terms of its ability to allow them to perform their tasks without hindering the 

process as well as that it would be perceived as more or less friendly with 

respect to their working experience. The main demands of a system are that it 

would be acceptable and would satisfy all the needs and requirements of 

potential users. A system must be useful in terms of allowing users to achieve 

their goals (i.e. perform tasks successfully) where usability examines the 

aspects of the system with which humans interact (see Figure 12). [Nielsen] 

 

  

Figure 12: A model of the attributes of system acceptability [Nielsen, pp.25] 

There are five attributes of usability namely; learnability, efficiency, 

memorability, errors and satisfaction, which are used to measure the system’s 

usability and ‘friendliness.’ 

� Learnability: this attribute is used to measure how easy to learn the system is. 

It looks at the user’s ability to easily understand the system (how it works) and 

perform his/her tasks with it. 

� Efficiency: this attribute measures the level of efficiency the system provides. It 

looks at how users productivity level is improved (or not) once they have 

learned to work with the system. 

� Memorability: this attribute measures the users’ memory of the system’s 

operations. It looks at how users perform tasks after a given period of time has 

elapsed since their prior usage.  
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� Errors: this attribute measures the error rate and recovery when using the 

system. It looks at how many errors users make while using the system and 

how they are able to recover from them. It is preferable that a system would 

have a low error rate and a high recovery rate. 

� Satisfaction: this attribute measures the attitude users have towards the 

system. It looks at how users define their working experience and interaction 

with the system, whether it was pleasurable, friendly or negative experience. 

These attributes provide system designers with feedback from users (novice or 

experts) that contribute to the system’s development and enable improvement of 

the necessary elements in order to make the system usable [Nielsen]. 

8.1.2 Learning Processes: 

One has to understand the cognitive mechanisms used by humans to perceive 

and process information in order to create an effective learning environment. 

When speaking of cognitive mechanisms, one refers to the brain activities that 

are involved with information processing, namely, perception, recognition, 

committing to memory, understanding, judgment, thought and problem-solving 

[Verpoorten, Jan, H.]. 

� Perception and recognition: These two activities involve our ability to perceive 

sights, sounds, smells and physical contact by utilizing our sensors. When we 

are confronted with stimuli we register the information and process it by means 

of neural-processing and delivery to the higher centers in our brains. 

[Anderson, John, R.] There are two main processing capabilities that are 

important for users when confronted with E-learning environments. These are 

visual information processing and auditory information processing. 

Visual information Processing:  

Visual information processing involves the physical perception of stimuli as well 

as object recognition. The physical perception is governed by light, that is, our 

eyes contain light-sensitive cells which are located in the retina. The light 

enters through the cornea and moves through the aqueous humor, pupil and 

lens until it reaches the retina where it is converted into neural energy and 

activates the photoreceptors (known as Cons and Rods). Cons are found in the 

fovea and involve color vision and high resolution (more light-energy) of object 

recognition. Rods require less light energy (low resolution) and are usually used 
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for less acute vision (black and white vision). Once the visual information 

passes through the retina they are transmitted to the brain by the optic nerve. 

That is, the receptor cells are connected to bipolar cells that are connected to 

ganglion cells, where each cell encodes information perceived in small regions 

of the retina, and transmits the information through the ganglion axon to the 

optic nerve that carries the information to the brain, where the information is 

processed (see Figure 13).  

 

Figure 13:  A schematic representation of the eye. [Anderson, John, R. pp.39] 

Object recognition depends mainly on the object’s organization that is; we tend 

to organize objects into units which form the object. Such organization is 

governed by principles known as the gestalt principles of organization 

which are derived from psychological theory that initially discussed object 

organization. The principles are:  

� The principle of proximity: states that we tend to group elements into units 

based on their proximity to one another. The closer the elements are to one 

another the greater the chance is that they will be grouped together. 

� The principle of similarity: states that we tend to group similar objects 

together. Objects that are similar in appearance (or have similar properties) will 

be grouped together into a unit based on that similarity. 

� The principle of good-continuation: states that we tend to augment visual 

representation that offers the continuation of that perceived forms. 
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� The principle of closure (good form): states that we tend to organize segments 

based on their shape (i.e. closure is recognized by perceiving closed objects 

such as a triangle). 

Pattern recognition is achieved organizing patterns according to a template. 

That is, we recognize patterns (of letters) based on existing patterns located in 

our brain, this process is known as template-matching, once we have 

perceived the image (i.e. retinal image) it is transmitted to the brain where it is 

matched to an existing pattern (template). A mismatch of patterns may occur 

when the object falls on the wrong part of our retina that is why we usually 

shift our eyes to sharpen the perceived image and maximize the resolution in 

order to detect the details of the object. Pattern recognition also depends on 

the feature analysis of the object, which provides us with a more accurate 

processing due to the fact that the object is perceived through its elements 

which define it, thus, enabling us to analyze forms by means of segmentation. 

These two types of recognition assist us in processing visual stimuli [Anderson, 

John, R.]. 

Auditory information processing: 

Human ears are sensitive to auditory stimuli on a frequency ranging from 20 

and 20.000 Hz. Speech is found on a frequency ranging from 500 and 5000 Hz. 

Perception of auditory stimuli depends on the frequency used as well as the 

‘loudness’ elements that are connected to the frequency, by low and high 

frequencies it appears that sound is not perceived well whereas in the middle 

range of frequencies, sound is perceived more accurately [Verpoorten, Jan, H.]. 

Speech cannot be processed by the same techniques used for visual 

information processing due to the fact that speech appears to be a continuous 

stream and therefore cannot be segmented into discrete units as text. Though 

phonemes form the minimal units of speech they are not discrete and therefore 

cannot be recognized easily. Feature analysis and feature combination 

offer us the means with which speech can be discerned with respect to 

consonantal features (i.e. consonant properties differ from vowels), voicing (i.e. 

sound reflecting vocal vibrations) and place of articulation (i.e. the place at 

which the vocal track constricts during production). Categorical perception 

offers a way to examine the acoustic properties of articulated phonemes based 

on their features as well as the time (in milliseconds) that phonemes require 
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during production (i.e. the time it takes for the vocal tracks to constrict and 

release). For example, the production of the voiced consonant {b} the release 

of lips and the vibration of the vocal cords occur simultaneously whereas the 

production of the unvoiced consonant {d} the release of the lips occur 60 

milliseconds before the vibration of the vocal cords starts (see Figure 14). 

 

 

Figure 14: The difference between [b] and [p], the delay and voicing 

[Anderson, John, R. pp.60]. 

Both Auditory and Visual information processing share one significant 

phenomenon, known as bottleneck, due to the limitations of the auditory and 

visual systems. Bottleneck occurs when we can only attend one auditory or 

visual stimulus from a variety of parallel stimuli, i.e. when we are confronted 

with more than one auditory or visual input at the same time we direct our 

attention to one of them due to the limitations of our motor systems (that are 

serial and can only perform one task at a time). [Anderson, John, R.] 

� Committing to memory, understanding and judgment: human memory is a 

system that allows us to encode, store, retrieve and conceptualize the 

information we are exposed to. It seems that we have a memory span which 

allows us to repeat a number of elements immediately, this type of memory, 

also known as short-term memory has limited capacity of retaining 

information due to the fact that we are always exposed to new information that 

would replace the information we have been exposed to. That is why short-

term memory serves as an intermediate stage for information storage, which 

means that once we have been exposed to information our memory would 

either move it into short-term memory where it would be rehearsed and 

committed into the long-term memory or simply lost after the short time it had 

occupied our short-term memory. There is naturally the option of storing 
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information directly into the long-term memory once we have processed it (see 

Figure 15). [Anderson, John, R.] 

 

 

Figure 15: The memory Model [Anderson, John, R. pp 173]. 

 

Furthermore, Long-term memory allows us to retrieve information that has 

been committed which provides available information for the requirements of 

our working memory. Working memory (located in the frontal cortex) retains 

information needed for an event or action that takes place at any given 

moment which requires information (either existing or new). When we are 

exposed to information we try to retain it in the working memory as long as 

possible in order to rehearse it and allow its storage in the long-term memory. 

Accessing information stored in our long-term memory depends on activation 

rates that determine the probability of access to memory as well as the rate of 

access. Information that has just been committed into the long-term memory 

would be easier to access as the memory traces are still highly active, however, 

these activity decreases with the passage of time [Anderson, John, R.]. 

Moreover, the level of memory activation depends on the period of time that 

has elapsed since we’ve last committed the information as well as the number 

of times we have accessed that information. Naturally we retrieve information 

that we are conscious of and are able to recall (i.e. explicit memory) as well 

as information that exists in our memory but we are unaware of in terms of our 

inability to recall it yet we are able to use it when needed (i.e. implicit 

memory). 



Page 69 of 80 

Human memory is also able to retain meaning based information as well as 

conceptualize its representation. This is accomplished by means of proposional 

structures and schemas.  

Propositional structures: 

These are structures that encode the important information about a specific 

event. A proposition is the smallest unit of knowledge that could also appear 

as a separate assertion, which in turn allows us to judge the information as 

either true or false. When we are faced with complex sentences, propositional 

analysis allows us to deconstruct them into a relation which is followed by a list 

of arguments, where the arguments are organized in accordance with the 

specific relation. 

Furthermore, propositional networks provide us with the representation of 

the relation and the arguments, where the relation is denoted by links (arrows) 

and the arguments are denoted by nodes (an ellipse) (see Figure 16) 

[Anderson, John, R.]. 

 

Figure 16: Network representation for the proposition underlying – Lincoln, 
who was president of the USA during the bitter war, freed the slaves 
[Anderson, John, R. pp 148]. 

 

Moreover, these network representations are also used for representing 

conceptual knowledge, known as semantic networks (also discussed in 

section 2.2) which represent information storage based on categorical division. 

This type of network conveys a relation between categories, by means of is-a 

links as well as specifies the properties that are true for each category. The 

hierarchical representation of categories, their properties and the relations 
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between them allows efficient information retrieval from such semantic memory 

(see Figure 17).  

 

 

Figure 17: Memory structure for three-level hierarchy. [Anderson, John, R. pp 

152] 

That is, should a fact (or property) of a certain concept be encountered 

repeatedly that fact (or property) will be stored with the concept. Furthermore, 

the strength of associating a fact (or property) with a specific category depends 

on the frequent exposure to that fact (or property) [Anderson, John, R.]. 

Schemas: 

Schemas represent the categorical knowledge based on the value of attributes 

(i.e. slots) members of a category have. They characterize concepts with 

respect to their supersets, parts and the value of their attributes, which can be 

inferred by humans when confronted with the category. That is, humans tend 

to infer the default value given to a certain attribute within a specific category 

unless the value has been explicitly given. We also judge various instances as 

members of a certain category with respect to the degree in which they are 

related to the category itself, that is, if the instance is more central then it will 

be in a higher degree when processing the information [Anderson, John, R.]. 

Thought and problem solving: information committed into our long-term 

memory and is available for retrieval is often referred to as either knowledge 

about facts and other relevant things (i.e. declarative knowledge) or as 
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knowledge about the performance of different cognitive activities (i.e. 

procedural knowledge). Where the latter begins in the realm of problem 

solving in which a goal is deconstructed into its sub-goals and humans are able 

to utilize operators for solving them. An operator is the action that converts a 

problem state into another problem state where the solution is found by means 

of utilizing a sequence of several operators in order to solve the problem state. 

These operators create a space of possible states, which the problem solver 

must go through in search of the most suitable path to achieve the required 

goal (the goal structures are located and maintained in the prefrontal cortex). 

Furthermore, these operators are acquired by discovery, analogy to an existing 

solution or derived from given instructions. In order to successfully reach a 

solution the suitable operators must be selected and applied to the way in 

which the problem is represented. That is, the way in which a problem is 

represented provides us with the means to select the operators that would be 

useful for achieving the required solution [Anderson, John, R.]. 

8.2 Learning Mechanism Components: 

The professor wants to make this tutorial an effective way in which the learning 

material is presented to his students and also an enjoyable learning experience 

with respect to usability attributes (discussed in Section 8.1.1). Therefore, the 

interface components and the other relevant learning objects are planned so 

that they will contribute to the interactivity of the learning environment which 

provides users with an active learning experience by enhancing motivation and 

the learning process [Hansjörg (George) von Brevern]. He wishes the users to 

benefit from an interactive and expressive process that would enhance their 

learning experience and enable them to succeed in terms of learning 

performance in respect of the cognitive mechanisms involved in information 

perception and processing (discussed in section 8.1). 

8.2.1 Interface components: 

The user interface makes use of stationary primary links on the left-hand to 

allow users easy and clear access to the tutorial of their choice (see Figure 18).  
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Figure 18: The EEF Learning Mechanism user-interface. 

 

It is important to provide users with an interface that is user-friendly in respect 

of their ability to perform their tasks easily (in this case access the needed 

tutorial and engage in the learning process) and to facilitate their orientation 

when using the learning mechanism’s interface (discussed in 8.1.2). 

Furthermore, in order to make their learning process efficient the interface 

must provide students with a clear division of the tutorials with respect to the 

linguistic contents’ level of difficulty they contain. Professor X would like his 

students to benefit from their learning experience, i.e. provide an interface that 

would allow his students not only to improve their performance in terms of 

understanding the learning materials better but also give them an enjoyable 

environment that would make their learning process pleasurable when 

interacting with the interface. 

The interface integrates video, audio and textual content in order to provide 

end-users with enhanced visual environment that would contribute to their 

understanding of the learning material. The users would be able to watch a 

lesson or consult graphical and animated representations that the material 

describes, etc. These media types contribute to the students’ learning process 

and present them with additional representation of the learning material thus, 
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they no longer have to sit through pages of text but are be able to enjoy and 

utilize a visual representation thereof as well. 

The EEF learning mechanism’s interface employs interactive avatars (a 

talking/moving image) that provide end-users with a welcoming face, 

challenging them in the exercise module and reading the linguistic contents to 

them in order to make the learning process more enjoyable (see Figure 19).  

 

 

Figure 19: The EEF Learning Mechanism Avatars (John, Amy and Mary). 

 

The users are faced with several options while visiting the tutorials they 

could read the textual description of the theory they contain or listen to the text 

being read to them by the avatar (Mary), perhaps they would choose the option 

of reading and listening at the same time. This would enhance their learning 

capability because no bottleneck would occur (discussed in 8.1.2) as they would 

be processing the same message through two different systems, i.e. they would 

be using both auditory and visual systems to perceive and process the stimuli.  

Moreover, using two separate perception systems would allow users to both 

retain information in their working memory and commit the information into 

their long-term memory more efficiently (also discussed above).   
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An exercise module is embedded into the tutorials in order to provide 

students with the means to practice their acquired knowledge, i.e. allow them 

to rehearse what they have learned in the tutorial, which would enhance the 

activation rates that provide access to memory traces of the information 

committed to the long-term memory (discussed above). The professor also 

desires a testing module that will replace the in-class mini-tests. While the 

exercise modules provide the students with immediate feedback, the testing 

module relays the filled in test directly to the professor thus enabling him to 

grade his students’ exams directly. Both modules make use of scripts 

(JavaScript and/or Flash action script), which contribute to the way in which the 

information is represented; they offer the means for feature design. Designer 

Scripts could be evaluated as a document loads to modify the contents of the 

document dynamically. They could go along with a form in order to process the 

input as it’s entered. Designers could dynamically fill in parts of a form based 

on the values of other fields. They could also make sure that the input data 

conforms to predetermined ranges of values; ensure that fields are mutually 

consistent, etc. Scripts could also be prompted by events that affect the 

document, such as loading, unloading, element focus, mouse movement, etc. 

And they could be linked to form controls (such as buttons) and produce 

graphical user interface elements as well.  

In the exercise and test modules the EEF learning mechanism’s interface 

makes use of the button ‘Submit’ which either initiates a check of the exercise 

and provides the user with immediate feedback by mean of pop-up screen (in 

the exercise modules) or collects the student’s name, number and answers and 

relays them to the professor (in the testing module) a confirmation is then 

given to the student by means of pop-up screen. The button ‘Close this 

Window’ allows users to return to the main interface after completing the 

exercises or the test. 

Furthermore, the exercise modules use radio buttons to allow easy selection of 

an answer whereas the testing module uses multiple-line text boxes that allow 

students to write full answers. 
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9. Conclusions 

This thesis examined the benefits E-learning can derive from using the semantic 

web techniques, the effectiveness of an ontology-based learning environment 

may have to improve learning material representation and most importantly 

whether linguistic theories (namely: Binding theory and Reflexivity theory) could 

be formalized for learning and/or research purposes. 

We have seen that the Semantic Web can be used to bring E-learning to a 

higher level of collaborative intelligence by creating a new educational model; 

i.e., a system which provides interoperability of diverse educational systems as 

well as offers an automated underlying structure that enables unified authoring 

for these interoperable systems. The Semantic Web allows such interoperability 

by utilizing semantic conceptualization (ontologies), common syntax and service 

based integration of educational material.  

We have also seen that an ontology-based environment allows the learning 

environment to consist of a stable yet flexible underlying structure in terms of a 

pedagogy ontology which defines the hierarchical structure of the environment 

and a content ontology that defines key linguistic concepts derived from the 

learning material. The learning material is then mapped into the content ontology 

with respect to content relevancy and to which further content may be added and 

the existing content may be augmented according to learning needs.  

The concepts are combined by creating a taxonomy which provides the 

hierarchical structure that conveys the relationship (conceptual) schemes 

contained in the ontologies in respect of the hierarchical structure of the 

taxonomy containing the classifications for a given set of Tutorials. At the apex of 

this structure a single classification is found, which functions as the root node 

that applies to all the relevant concepts it contains.  

The classification is based on the ‘HasLevel’ property that defines which 

content concepts are to be mapped into each tutorial (in the taxonomy) based on 

their level (beginner, intermediate or advanced) together with the learning 

objects, their metadata components and the structural concepts that would be 

mapped into the same position within the taxonomy thus creating an automated 

retrieval mechanism based on the Level assigned to the structural and content 

components within the ontologies. 
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Moreover, the Linguistic theories are formalized by extracting key concepts 

that represent key aspects of the theories. The linguistic theories provide the 

basis from which key concepts may be created with respect to the theoretical and 

structural definitions conveyed by the theories. Concepts, learning objects and 

their metadata components in the content and pedagogy ontologies share the 

‘hasLevel’ property which indicates the level of difficulty of the contents they 

provide.  

The interface must present the learning material in an effective way, i.e. 

taking account of the way in which humans perceive and process information as 

well as creating an enjoyable experience in terms of usability attributes. The 

interface components, together with an understanding of human processing, play 

a crucial role in the creation of the user-interface and contribute to the learning 

environment which in turn must provide users with an active learning experience 

by enhancing the learning process and their motivation. Thus, allowing users to 

benefit from an active learning process that would augment their experience, 

which will result in a successful learning performance, i.e. a deeper 

understanding of the theories contained in the mechanism. 

The EEF project provides a learning environment that makes use of ontology 

capabilities to formalize and represent Linguistic theories. It uses ontology 

conceptual representation to integrate the developments of these linguistic 

theories in order to provide users with unified concepts that account for the 

theoretical diversity. 

Furthermore, the underlying structure allows an automated retrieval 

mechanism that can be augmented to allow further theoretical developments as 

well as to accommodate user needs. The interface of the EEF learning mechanism 

ensures that users will experience an effective and pleasurable learning process. 

This thesis discusses an underlying structure that is appropriate for learning 

environments and further analysis is required in order to examine its suitability 

for research purposes. 
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