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Current systems do not provide a context when sharing and reusing annotations. This
research investigated how this may be achieved. This thesis provides an overview of
the work that has been undertaken in the fields of Semantic Web, adaptive hypermedia
system, and open hypermedia. This work discusses experiments that were conducted to
assess the benefit of integrating Semantic Web technologies with open hypermedia and
adaptive hypermedia concepts to provide adaptable hypermedia for users’
requirements. In this work, ontologies are used to explicitly define models, concepts,
user profiles, context and semantic relationships. To enable sharing and reusability of
information chunks as annotations, this research brings together several technologies:
ontologies for knowledge representation, and extended FOHM to represent the
structure of annotations. A contextual annotation framework (CAF) using an ontology-

based contextual annotation service is proposed.

The novel contribution of this work is introducing the CAF using an ontology-based
contextual annotation service by building on open hypertext and the Semantic Web.
The a-PIE is prototyped to provide a system for supporting browsing, reading,
annotating hypertext, and manipulating interesting annotations in a personal repository.
The framework has been applied to the specific domain of web development, in order

to carry out a focused evaluation. The results indicate that the framework is valid.
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Chapter 1 Introduction

1.1 Research Overview

“Knowledge is itself power” Francis Bacon (1561-1626) — Of Heresies

Knowledge is an essential asset for any organisation (Benjamins, et al., 1998).
Knowledge can be tacit (in the human mind) or explicit, documented or procedural, for
example, or it can be information, experiences or skills which can be managed through
technology (Hildreth and Kimble, 2002). According to Nonaka, explicit knowledge (or
information) is knowledge that is easily expressed, captured, stored and reused. Explicit
knowledge can be transferred from tacit knowledge, and transmitted as data and is
found in databases, books, manuals and messages (Nonaka, 1991). Al-Hawamdeh
mentioned that knowledge in books or journals will be useful and usable when it is
read, manipulated and communicated from one person to another (Al-Hawamdeh,
2002). Knowledge management refers to managing the knowledge, like organising
memories, expert systems, document management systems or learning organisations
(Wiig, 1994). However, “knowledge acquired through experience cannot get reused
because it is not shared in a formal way” (Angus, et al., 1998). Knowledge
management is the process of knowledge gathering by adding value to previous
knowledge (Duffy, 1999). These processes have to be implemented over a period of
time and need human cooperation through technology (Benjamins, et al., 1998) (Al-
Hawamdeh, 2002).

In a community of practice people are often willing to develop and share knowledge.
They could use a repository for this purpose, but sometimes the context and
relationship between information chunks will be lost. Knowledge management and its
associated tools aim to provide such an environment in which people may create, learn,
share, use and reuse knowledge, for the benefit of the organisation, the people who
work in it, and the organisation’s customers. However, instead of helping users, many
systems just lead to increasing the cognitive overhead (Conklin, 1987a). Adapting the
links to document content to the needs of individual users greatly enhances the
navigation and comprehension of an information space, and reduces the information

overload.



Learning is often social and is more effective when it takes place in groups, especially
when groups collaborate directly and they teach each other. Groups are important
structures of any organisation or community where reflection is concerned. Virtual
communities as communities of practice (CoP) are established for groups of people
who would like to share knowledge and have common interests in similar topics. These
CoP may be groups of people that come together as a formal or informal network.
People in a CoP network can enrich their knowledge and expertise in a certain domain
through interaction. This enables them to build on knowledge and contribute it to each
other (Seely Brown and Duguid, 1991).

Another definition of CoP is an informal group of people who are interested in the
same topic of knowledge or competence who are willing to share and learn together to
develop that knowledge through interaction in an environment where knowledge is
created, nurtured and sustained (Library, 2005), (Hildreth and Kimble, 2002).
Community of practice preserves the tacit aspects of knowledge that formal systems
cannot capture (Wenger, 1998). It is noted that knowledge can be shared through
narration and story-telling by members (Easterby-Smith and Lyles, 2003) and there are
several ways that technologies can support the community of practice (Wenger, et al.,
2005).

Knowledge management tools should provide users with the ability to organise
information into convenient information chunks. Relationships within the stored
information are necessary. The knowledge management tools should support the better
use of the available raw information by providing facilities to search and abstract the
information, assist users to share new information, and also present it to users in new
ways (Davies, et al., 2003a). Instead of helping users, many systems are increasing the
amount of unrelated information returned which makes it difficult for users to find,

organise, access and maintain the information.

Hypermedia is an extension of the term hypertext, in that several media such as text,
graphic, video are connected to create related information. It enables users to traverse
in a non-linear manner from one node to another node through links, called hyperlinks
(Bieber, 2000; Lowe and Hall, 1999).

Adaptive hypermedia research, a sub-discipline of hypermedia, has aimed to improve

methods and techniques that reduce cognitive overhead and disorientation problems by
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providing information to individual users, based on contexts. Contexts are conditions or
characteristics, such as the users’ profiles, their interests, the environments or devices,

used in a system.

Open hypermedia research is also an area of hypermedia. The principle of this research
is separating the links, instead of embedding them as in typical hypermedia, out of the

source document and manipulating these links as first class objects (Wills, et al., 2003).

A key idea of a Semantic Web is to have data defined and linked in such a way that its
meaning is explicitly interpretable by software processes rather than just being
implicitly interpretable by humans (Berners-Lee, et al., 2001). An ontology is a means
of describing the shared understanding of a domain, and its use allows the capture of
knowledge and facilitates knowledge sharing and reuse (Gruber, 1993). Ontology can

be defined using the semantic web languages.

As noted by Marshall, annotation is a method in which hypertexts grow. It is a
fundamental activity for hypertext readers. Annotation can reduce the cognitive
overhead to users when they retrieve an annotated document because users can spot the
annotated area (Marshall, 1998a). Annotation tools can be used as a knowledge
management tool by assisting users to build personalised document summary to see
what was important in the document and, share and learn from annotations when
annotation tools are used in a community of practice. Annotation systems should
provide relevant annotation to users by enabling users to specify the context in which

they want to see the annotations. This will address in the thesis.

1.2 Research Motivation

“The reason | encouraged such annotations was that | remembered that when |
was in college with Ted [Nelson], I would always grab the dirtiest copy of a book
from the library, rather than the cleanest one, because the dirtiest ones had the

most marginalia, which | found helpful.”” (van Dam, 1988).

Marshall pointed out a number of research issues related to annotation: While some
people think that some of the annotations are valuable, some think that some
annotations are annoying. Some users would like to add keywords to each annotation,

such as people, places, things, or geographical regions, in order to make their

3



annotations accessible easily over the long term. Annotations might be tied to
situational factors as contexts. For example, a lawyer annotates the same case
differently for different uses (Marshall, et al., 2001). Annotations can be in private and
public forms for different situations. Annotations users make in class that captures what
the professor is saying are considered more important than what students have made in
their own readings of the material (Marshall, 1998a). Since Wolfe pointed out in her
study of how students value the annotations of experts, the source of the interpretation

is very important (Wolfe, 2000).

Annotation systems should consider the interoperability issue, because sometime users
would like to annotate different types of media and manage these annotations in a
single repository. Users would like to organise, re-order or categorise annotations, for
example, lawyers classify some annotations at ‘pro’ cases (support arguments) or ‘con’

cases (present counterarguments) (Marshall, et al., 2001).

A scenario will help explain the motivation behind this research. Suppose users in a
virtual community are reading web documents on an e-learning web site. They find an
interesting piece of information and would like to keep it for reference later, in a
personal repository. Occasionally, they would like to add annotations to particular
information snippets and would like to record what type of annotations of the
information snippets are; such as comments, examples or explanations. The users
annotate the information snippets in a way that is relevant to them for storage in their
personal repository. Sometime they would like to record one or more criteria for each
annotation, for instance keywords or difficulty level before storing it in their repository.
As in any collaborative environment, they would also like to share these annotations
with others like social learning environment. The users can also learn and gain
knowledge from others’ annotations. As this is a diverse community, users have
different levels of expertise so when reading someone else’s annotation they would like
to know what the level of difficulty associated with each annotation was. At a certain
time they are interested in only some topics, so they want to see annotations of these
specific topics instead of all annotations. In addition, users want to store others’
annotations into their repository and sometime they want to set their own contexts at
the annotations for archiving later. Subsequently, depending on the reader’s profile,

only those authorised by the original user will see the information and its annotations.

Therefore, to satisfy the scenario stated above the users must be able to:
4



e browse web documents and augmented these with the relevant annotations.
e add context to an annotation.

e keep annotations in a personal repository.

e share annotations with others.

e view annotations based on their personal profiles.

For supporting communities of practice, a web-based system is important since it
provides annotations personalised to the needs of individual users, and the
functionalities of knowledge sharing and reuse. A personalised web-based system
greatly enhances navigation and comprehension of information spaces, while
knowledge sharing and reuse facilities offer functionalities for users to manipulate their
personal information repository, and to annotate particular information prior to passing

it to others.

1.3 Research Objectives

According to the research motivation presented in Section 1.2, the objective of this
work is to investigate how semantic web technologies, open hypermedia and adaptive
hypermedia principles can be used to provide appropriate annotations for users in web
content. In addition, how annotation with context systems can be able to support the
shareability and reusability of annotations has been examined. The new framework has

been proposed and presented in this thesis.

The research question of the thesis is whether it is beneficial to provide contextual

annotations in web-based applications.

The research result was assessed by both practical evaluation and by theoretical
comparison between existing systems.

1.4 Document Structure

This thesis describes the process of developing an adaptable annotation framework.

While early chapters document existing research and the initial work of the author, later



chapters are concerned with the rationale, design, evaluation and discussion of the
CAF.

Chapter 2 presents the field of hypertext and adaptive hypermedia. The adaptive
hypermedia system components are documented. The various techniques of adaptive
hypermedia are presented together with a selection of sample frameworks, including an

examination of existing frameworks for adaptive hypermedia.

Chapter 3 describes the field of open hypermedia, a topic that originated from hypertext
research at the end of 1980’s. Open hypermedia research concentrates on the issues
concerning existing hypermedia systems. The developments of link services are

produced as a new ways of expressing hypermedia systems.

Chapter 4 documents the field of semantic web technology. Some examples of web-

based annotation systems are introduced and their characteristics are examined.

Chapter 5 presents the initial works by the author in these fields. Two applications have
been prototyped using the Auld Linky link service with the semantic web technologies

for e-learning application and adaptable personal information environment.

Chapter 6 details the development of the CAF. The early sections state the need for a
new framework and identify the limitations of existing approaches. This is followed by
a discussion of the design of the CAF approach showing how CAF unifies open
hypermedia, adaptive hypermedia principles and semantic web in the framework, goes
on to describe the implementation of the framework as a web-based annotation
application to drive a tour of the framework features. A more detailed description of the
software implementation is also provided before discussing how the CAF responds to
the research issues. This chapter concludes with an analysis of some of the advantages
that this framework provides, such as a new service, a flexible and extensible approach

to system development, and an open architecture for future annotation systems.

Chapter 7 evaluates the CAF in practice and follows with a theoretical discussion on

the characteristics of existing approaches and the CAF.

Chapter 8 presents the conclusions of this research and future work.
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Chapter 2 Hypermedia

2.1 Introduction

The previous chapter introduced motivation for this research. This chapter presents the
concepts of hypertext/hypermedia, adaptable, personalised and adaptive hypermedia,
and also describes adaptive hypermedia techniques. Since this work focuses on
describing a framework for personalised hypermedia, the models and frameworks for

hypermedia are also presented.

2.2 History of the Web

“The human mind ... operates by association.... Man cannot hope fully to
duplicate this mental process artificially, but he certainly ought to be able to
learn from it... One cannot hope to equal the speed and flexibility with which the
mind follows an associative trail, but it should be possible to beat the mind
decisively in regard to the permanence and clarity of the items resurrected from
storage.” (Bush, 1945)

There is a lot of information available and it continues to grow at an exponential rate.
Information plays an important role in daily lives and work. For this reason, people
need to create a personalised subset of the information that they can use when they
need (Bruce, 2005). In 1945, Bush had a vision for a personal collection of information
that an individual could access anytime. He described hypertext in the article “As We
May Think” introducing Memex as a machine that could make notes and links between
two points of objects i.e. books, records, in order to support indexing and retrieval
(Bush, 1945). This idea influenced Engelbart’s idea of augmentation, as appeared in
“Augmenting Human Intellect: A Conceptual Framework” (Engelbart, 1963). Later, in
1968 the first successfully implementation of hypertext was implemented, called oN
Line System (NLS) (Engelbart and English, 1968), by the Augmented Human Intellect
Research Center at SRI. NLS was a groupware system assisting creation of digital
libraries, and storage and retrieval of electronic documents using hypertext. Files in
NLS supported both reference links and non-hierarchical links. Files in NLS were

structured in a hierarchy of segments which were called “statements”. Each file had an
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identifier of its level and could be linked or referred to within or other files (Conklin,
1987a; Conklin, 1987D).

While Engelbart was developing the augment system, Ted Nelson developed his own
ideas about the creation of a universal electronic library where any text of any
document could be linked to any text of another other document (Nelson, 1965). In
1965, Ted Nelson coined the term “hypertext” for “non-sequential writing” (Conklin,
1987a). It means that hypertext refers to a document in which objects i.e. annotations,

footnotes, or documents are linked associatively in a complicated way.

In the following years, several hypertext systems were developed and hypertext
systems evolved into hypermedia systems. The term “hypermedia”, created by Ted
Nelson, was defined as an extension of hypertext, in which any medium such as
graphics, a piece of text, or video were connected non-linearly as a collection of
interrelated nodes (W3C, 1992). Nowadays, the words hypermedia and hypertext are
used interchangeably. In 1990, Tim Berners-Lee demonstrated the concept of the
hypertext client-server approach in a remote and distributed environment at CERN
which led to what today is known as the World Wide Web (Berners-Lee and Cailliau,
1990). The World Wide Web is like an encyclopaedia, a collection of records or even
telephone directory, for example, which can be accessible through any computer
(Gillies and Cailliau, 2000). A comprehensive survey of hypertext and early hypertext
systems and applications can be found in (Conklin, 1987a; Conklin, 1987b).

2.3 Hypertext/Hypermedia

Human memory is associative, while hypertext is a means to mimic writing and
processes, and represents what is inside a human’s brain (Lowe and Hall, 1999). As
mentioned in the previous section, hypermedia is a network of information elements
that are interconnected associatively or in non-linear structures, and users can navigate
freely using hyperlinks. Information elements can be any piece of information or media
such as video, image or a piece of text. Hyperlink is a reference or navigation element
in a document to another part of the same document, another specified part of another

document or to another whole document (Bieber, 2000; Lowe and Hall, 1999).

According to Bieber hypertext components are composed of nodes, links, link anchors,
link markers, and composites (Bieber, 2000). Nodes contain content and attributes of
9



information objects. Each node should store a single chunk of information or only one
idea. Composite nodes are links of a set of nodes, for instance, a book with many
chapters. Nodes can have semantic types displayed with the node in order to support
structural search for a particular node. Links connect entire nodes, while link anchors
specify a particular part within each node. Link anchors can contain internal
parameters, for example how to find its link. However, normally users do not see the
link anchors as they are embedded in the code. A link marker displays the area that user
can select to activate the anchor and traverse its link. Yee describes an anchor which
addresses an entire document as a coarse-grained link, whereas an anchor which
addresses a specific part of the document he calls a fine-grained link (Yee, 2002).
URLs (Berners-Lee, et al., 2005) support both kind of anchors (using <LINK> and
<A> tags). The HTML specification allows one-way links with fine-grained origin
anchors and coarse-grained target anchors. HTML links are intrinsic, meaning that they
must be embedded in the linked document itself (Yee, 2002).

Links can represent relationships between nodes, as link types, and can have link
behaviours attached (Bieber, 2000). The simple node and link model is not rich and not
enough to provide functionalities for managing and representing information required
by many applications (Halasz, 1988). HTML (Berners-Lee and Connolly, 1995)
provides the REL and REV attributes on hyperlinks for specifying the relationship
between the two anchors. Therefore, Bieber (2000) noted that links may have semantic
link types and associated keywords which can guide or help users decide whether to
traverse links by showing how nodes are related. Link behaviour identifies which action
needs to be executed when users activate that link, for example, activating an “execute”
link would run a program. Links could be treated as first class objects and stored in
external link databases (or linkbases), and manipulated using a link service (the concept
of linkbases and link service will be described in detail in Chapter 3).

Several taxonomies of links have been proposed in order to analyse how they are best
utilised. Described by Lowe and Hall (1999), one taxonomy could be based on the
mechanics of the links, by considering at the number of sources and destinations for
links (for example, single-source single-destination, multiple-source single-
destination), or the directionality of links (uni-directional, bi-directional), and the
anchoring mechanism (such as generic links, dynamic links). The web currently

supports links joining two anchors: an origin (the location with <A> tag) and a target
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(the location identified in the HREF attribute). Therefore, hyperlinks on the web can be
followed only from the origin to the target. On the other hand, bi-directional links are
links that can be followed in both directions. In addition, a link taxonomy can be
created based on the type of information relationships being represented. Moreover,
links can be classified based on the organisation of the information space (structural
link) and those links related to the content of the information space (associative and
referential links). A structural link is a linear or hierarchical structure without the
semantic relationship between linked information. An associative link is independent
from the structure of the information, and it represents the semantic relationship
between information elements. An associative link can attach to any piece of a
document and it can be organised or created on the fly. De Rose claimed that an
associative link cannot be replaced by a retrieval algorithm (De Rose, 1989). A
referential link provides a link between an item of information and an explanation or
definition of that item; more specifically both of them have to be exist (Lowe and Hall,
1999).

Following (Grgnbaek and Trigg, 1999), Whitehead describes four classes of link styles
in hypertext systems (Whitehead, 2000). These are: links as addresses (address of the
link destination is embedded within the code, i.e. WWW), links as associations (links
are first-class objects that express an association between entities, as implemented in
Chimera (Anderson, et al., 2000), Intermedia (Yankelovich, et al., 1988), FOHM
(Millard, et al., 2000)), links as structural elements (links are used to represent
hierarchical or organisation of materials), and links for rhetorical representation (links
represent the structure of an argument). Whitehead added a fifth style which was links
as semantic network (link types are used to represent semantic relationships between
works, and may be designed for link navigation such as the Semantic Web (Berners-
Lee, et al., 2001). Whitehead also surveyed several systems to develop terms used to

describe the notions of work, anchor, and link in hypertext systems (Whitehead, 2000).

Yoo and Bieber proposed the link taxonomies for generic relationships considered
within a generic information system. The relationships among items of interest which
can be objects, people, commands or even pieces of meta-information are defined (Yoo
and Bieber, 2000).

When making links authors can enhance the information space with context which

produces alternative designs and enables users to freely access the enriched information
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for better understanding. In addition, hypermedia enhances human comprehension
because the hypermedia mimics an associative network and this behaves in a similar
way to human cognition in retrieving and storing information (Conklin, 1987a; Yoo
and Bieber, 2000).

There are several operational advantages of hypertext. For example, it is easy to
structure information, meaning that we can organise or aggregate elements with
relationships to each other. It is easy to locate or create new references. Users are able
to develop their own networks, or add some information such as a note or a comment to
another’s document while the original document is left unchanged. Users can view the
global structure and then restructure or customise documents. The same parts of
documents can be pointed to by many references which supports the concept of

modularity to reduce overlap and duplication (Conklin, 1987a).

There is huge amount of information available on the web and it keeps growing. As a
result of that, hypertext causes two problems for the user: lost in space (Conklin,
1987a) or disorientation (Bieber, 2000), and cognitive overhead (Conklin, 1987a) or
cognitive overload (Bieber, 2000) or information overload (Nielsen, 1995), or
knowledge overload (Bray, 2007). Lost in space occurs when users feel like they do not
know the current state or location in the system and have difficulty finding where the
information they need is, or deciding where to navigate next (earlier or later in the text)
(Bieber, 2000; Conklin, 1987a; Nielsen, 1995). Users can lose their orientation even in
small document (Nielsen, 1995). However, several possible solutions to the navigation
problem have been researched such as using trails (Nielsen, 1995), graphical browsers,
or search and query techniques (Conklin, 1987a). Cognitive overhead is defined as “the
additional effort and concentration necessary to maintain several tasks or trails at one
time” (Conklin, 1987a). It happens when users are given too many data links to follow
and they need to make a decision as to which one to follow (Bieber, 2000; Conklin,
1987b; Carlson, 2003). Information overload is also indicated as a problem that people
suffer where there is more irrelevant data than they can absorb (Ackoff, 1967).
Cognitive overhead has been associated with the limited capacity of the human short-
term memory (Head, et al., 2000). In a web environment, we should consider how to
facilitate recognition rather than to force limited recall. Cognitive overhead can be
approached by research on information filtering techniques and improvements in

performance and design of hypertext systems (Conklin, 1987a; Head, et al., 2000). One
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example is to provide a type and a label on the links as implemented in NoteCards
system (Halasz, et al., 1987). In addition, Bieber noted that these two problems could
be resolved by using: good user interface design principles, semantic nodes and link
types, filtering based on user task and preferences, and hypertext navigation, annotation
(including bookmarks, landmarks and comments), and structural features (Bieber,
2000).

2.4 Adaptive, Adaptable, Personalised Hypermedia

The web is growing very fast, providing vast quantities of information. As a result of
this success, its biggest problem is that of information overload (Gillies and Cailliau,
2000). In addition, there is so much information available on the web, it is difficult to
find what we want. As mentioned in last section, the shortcomings in using the web to
publish information are cognitive overhead and user being lost in hyperspace. While
every user needs different information, they have different preferences, goals,
backgrounds, knowledge and abilities. Therefore only hypermedia systems that only
offer the same set of links or hypermedia to all users are not enough. It has been
suggested that Adaptive Hypermedia (AH) systems can be beneficial to overcome these
problems where the hyperspace is large and the system might be operated by users with
different goals and knowledge, who therefore need different information on the same
topic (Bailey, 2002; Brusilovsky, 1994; Brusilovsky, 1996b; Conlan, 2004). In this
case, a user model is one of the most important components as it will capture

information about users in order to provide relevant information about them.

In AH systems the distinction between adaptive, adaptable and personalise are defined

in the Oxford English Dictionary as:

Adapt means “to change something in order to make it suitable for a new use or

situation”.

Adaptable means “able to change or be changed in order to deal successfully

with new situations”.

Adaptive means “(technical) concerned with changing; able to change when

necessary in order to deal with different situations”.
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Personalise means “to design or change something so that it is suitable for the

needs of a particular person”. (Hornby, 2000)
Brusilovsky gave a functionality-oriented definition of AH as:

“By adaptive hypermedia systems we mean all hypertext and hypermedia
systems which reflect some features of the user in the user model and apply this
model to adapt various visible aspects of the system to the user. In other words,
the system should satisfy three criteria: it should be a hypertext or hypermedia
system; it should have a user model; it should be able to adapt the hypermedia
using this model.” (Brusilovsky, 1996a).

Hothi noted that adapted hypermedia systems are those which can be adapted to
various groups of end users during design, while adaptable systems allow end users to
change the functionality or characteristics of the hypermedia systems. Hypermedia
systems can be adaptive if they adapt dynamically during the session according to end
users’ behaviours (Hothi, 2000).

Here are some other definitions. If a hypermedia system attempts to gather users’
information in user model and provide information suitable to particular users’ needs or
properties based on that user model, then it is called an AH system, while a system that
allows users to select from a range of parameters according to their needs is called an
adaptable system (Wadge and schraefel, 2001) (schraefel, et al., 2003). The adaptable
system would be useful in the cases where users cannot make a decision, or cannot
specify a well-defined goal, or their goals may change throughout exploration, or
moreover, or their expertise changes from one section to another (schraefel, et al.,
2003). If the system provides options for users to select or decide through any
configuration form or questionnaire, then it is an adaptable system (De Bra, 2000).
Brusilovsky mentioned that since 1996, goals/tasks, knowledge, background and
preferences were modelled and used for making adaptation decisions by several
systems (Brusilovsky, 2001). AH systems can deliver personalised views of
hypermedia documents to users (Bailey, et al., 2002; Brusilovsky, 2001). By perceiving
the users’ behaviour, it is possible to perform the adaptation automatically (De Bra, et
al., 1999).

According to Sheth, personalisation can be classified in three ways: cognitive,

economic and social. Cognitive systems choose documents based on characteristics of
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their contents. Economic systems select documents according to some value
calculation, while social systems select documents based on the recommendation of
other users (Sheth, 1994). The application of social and cognitive systems relies on the
application area. A social system is suitable for up-to-date information within a
community, while a cognitive system is appropriate for a topic-specific information

requirement.

Based on the definitions presented above, we can conclude that personalisation is the
result of an adapting contextual elements to users (Abdullah, 2006; Conlan, 2004). In
other words, the objective of personalised information systems is giving the individual
user optimal support in accessing, retrieving and storing information. Examples of user
requirements are the current task, the goal of the user, the context in which the user is
requesting the information, the previous information requests and the level of expertise
(Baldoni, et al., 2005). The distinction between personalisation actions and adaptive
actions is that the former are any action that alters the structure of a hyperpage
activated by a user, while latter are system-initiated personalisation actions (Ohene-
Djan, et al., 2003). However, it was suggested that users should be able to exercise
control over the adaptivity but should not have to control it continuously (Espinoza,
1996).

Adaptive hypermedia can be used in several application areas: educational hypermedia,
online information systems, online help systems, information retrieval hypermedia
systems, and institutional information systems. There are three application areas that
are currently popular. First, online documentation systems use adaptive hypermedia in
order to provide different information for different users and provide individualised
navigation support in a huge information space. Secondly, application-specific and
system-specific applications with advanced help and explanation facilities adopt
adaptive hypermedia in order to adapt explanations to different users in system details
and concepts, such as a decision support system. Thirdly, educational systems use
adaptive presentation and navigation to support student-driven exploration of

educational material (Brusilovsky, 1996b; Brusilovsky, 2001).

There are several aspects of a user that hypermedia systems are able to adapt to. Some
examples are now given. One of the classical approaches is to allow adaptation to be
based on cultural background such as natural language, familiar weights and measures

or specific styles of writing. Another classical approach from the Human Computer
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Interaction (HCI) field is to provide a user interface adapted to the user’s preferences.
Another aspect is the communication style and needs of users, since users differ in their
communication styles such as those needing clear direction and those needing a broader
freedom of choices. In addition, some users have special communication needs, for
instance handicapped users. Prior knowledge of users can be used to determine which
information to provide. Education systems typically use this aspect. Learning history
can also be considered. Users with different background or knowledge may have
different ways of acquiring knowledge within domains, thus explanation of content and
navigation support should be adapted appropriately. For example, the system might
provide clear direction for beginners, while more freedom for experts. Another aspect
is the aims and goals of users. In education, for example, users with different roles,
teacher and learner, may have different conceptions about the aims and goals of
learning. Therefore a system should adapt information by directing learners towards

content that teachers have specified as a goal (Conlan, 2004).

It was explained by De Bra that adaptive hypermedia applications are different from
non-adaptive applications (De Bra, 2000). There are both advantages and disadvantages
of offering adaptive hypermedia techniques. First, in adaptive systems information can
be presented at the right level of difficulty, in the right medium and with the right
writing style for each user. In order to provide these, all of different versions of
contents or pages must be authored, including the sequence and the relationship of each
fragment to its concepts also needs to be determined. The AHAM model (described in
Section 2.7.2) provided this since it contained a domain model. Secondly, users can be
guided towards information that is relevant for them at that moment. In this case, if
guidance takes users on the wrong path or omits prerequisite relationships to irrelevant
pages, users might not understand. Therefore, bad guidance is worse than no guidance.
Thirdly, users might get confused because of unstable appearance of pages, meaning
that each time a user revisits a certain page, the contents or links look different because

the document has been adapted according to the user model.

Hypermedia consists of a set of pages connected by links. A page contains information
and links which can be connected to locations in the same page or different pages. In
order to provide adaptive hypermedia, there are common components typically found

in an AH system. In AH, what can be adapted are the content of a page and the links to
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related pages (Brusilovsky, 1996b). The adaptive hypermedia techniques and system

components will be described in the next sections.

2.5 Techniques of Adaptive Hypermedia

There are several methods for providing the adaptivity in hypermedia systems.
Brusilovsky’s taxonomy (Brusilovsky, 2001), which classified adaptation techniques
that are applied in AH systems is shown in Figure 2-1. Brusilovsky described the two
main types of adaptation technique as adaptive presentation and adaptive navigation.
Adaptive

multimedia

) Xresentation
Adaptive daptive text

presentation presentation

Natural language Inserting/removing
adaptation fragments

Altering fragments

Adaptation of Canned text

. . Stretchtext
modality adaptation retehtex

Adaptive
Hypermedia ) )
Technologies Direct guidance Dimming

Adaptive link Hiding fragments

Sorting fragrments

sorting
Adaptive link
hiding
Adaptive link
annotation
Adaptive link
generation

Adaptive Disabling

navigation support

Removal

Map adaptation

Figure 2-1 The updated taxonomy of adaptation hypermedia technologies (Brusilovsky,
2001)

2.5.1 Adaptive Presentation

Adaptive presentation is altering the content of a page presented to a user according to
that user’s knowledge, goals or other characteristics. The content of a page can consist
of not only text but also multimedia objects such as images or audio. Adaptive
presentation can be adaptive multimedia presentation, adaptive text presentation, and
adaptation of modality. Adaptive presentation is primarily used to lessen information
overload within hypermedia pages. The most popular method used is altering
(hiding/showing) part of the information depending on its relevancy to the user’s

knowledge or interests. The main disadvantage of the altering fragment technique is
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that the user might be deprived of information which might be beneficial. However, the
stretchtext method can resolve this problem. The major problem with adaptive
presentation systems is that a very high level of domain understanding is needed in
order to change the presentation of concepts in the contents. However, this problem can
be reduced by using content abstraction to attain domain independence (Bailey, 2002;
Brusilovsky, 1996a).

2.5.2 Adaptive Navigation

Adaptive navigation is manipulating the order and the appearance of the links in a way
that would assist the users in seeking the most valuable and pertinent information
(Bailey, 2002; Brusilovsky, 2001). Brusilovsky’s taxonomy specified six main types of
navigation support: direct guidance, adaptive link sorting, adaptive link hiding,
adaptive link annotation, adaptive link generation and map adaptation. These groups
can use individually or can be combined to provide navigation support. These methods

are briefly described below.

Direct guidance: the system decides the next links for a user, based on the

user model.

e Adaptive link sorting: hyperlinks are sorted with the topmost items having the

most relevance to a user. The weight of the links is based on the user model.

e Adaptive link hiding: hyperlink appearance is made invisible if it is not

relevant to the user. This can reduce information overload for the user.

e Adaptive link annotation: a hyperlink’s text style or appearance is changed
according to the user model. The hyperlink linking to a relevant page will be

annotated with visual cues; for example, special colour, icon, or font size.

e Adaptive link generation: additional links which are leading to useful or

relevant information for a user are added to an existing page.

e Map adaptation: alter the form of hypermedia for a user by using other
adaptive navigational techniques.
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In addition to adaptive navigation support in Brusilovsky’s taxonomy, Bailey
introduced link augmentation (Bailey, et al., 2001) as another adaptive navigation
technique, from their research in the fields of open hypermedia and adaptive
hypermedia fields. Link augmentation is defined as “a technique whereby external links
are inserted directly into the body of a document”. The difference between link
annotation and link augmentation is that link annotation process relates to the visible
properties of links while link augmentation relates to adding more links to existing

hyperdocuments (Bailey, et al., 2001).

2.6 Adaptive Hypermedia System Components

An adaptive hypermedia system, described by Wu, normally comprises a domain

model, a user model, an adaptation model and an adaptive engine (Wu, et al., 1998).

e Domain model is a set of domain concepts along with their relationships,
describing how information content of the application is structured. It can be
used to describe knowledge contained in hypermedia document. De Bra
described three kinds of concept: atomic concepts or fragments, pages
(composed of atomic concepts) and abstract concepts (representing larger
units of information) (De Bra, et al., 1999). Each concept is connected
through concept relationships such as prerequisite relationships. There are
many methods that have been used to structure a domain model, for instance
linear, concept graph, semantic network, hierarchical tree and combined
structure (Carro, 2002).

e User model stores the individual’s characteristics, for instance preferences,
knowledge, goals, navigation history, and other relevant aspects. A user
model plays an important role in determining the success of the adaptation
process. User models may be used to classify all pages into many groups
based on the user’s current knowledge and interests or goals (De Bra, et al.,
1999). In AH systems, user models are usually based on domain models
(Brusilovsky, 1996b). Kavcic described three important aspects that have to
be considered when designing a user model. First, the types of user’s
information that needs to be captured and how it may be obtained. Secondly,

how the information in the system can be represented, and thirdly, how the
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model can be constructed and updated (Kavcic, 2000). Another way of
looking at information captured in a user model is to divide it into two types:
static and dynamic information. By static we mean that the system will
exploit user information when it is first created during the interaction. On the
other hand, by dynamic we mean that it will gather user information while the
interaction is in progress and use this information to update the user model
continuously (Hothi, 2000; Kavcic, 2000). The user profile can be captured
using two main methods; the overlay model and the stereotypical model.
Brusilovsky noted that one of the powerful and flexible methods used to
model user knowledge is the overlay model, since it can assess independently
user knowledge on different topics. The model of user knowledge can be
represented as a set “topic - value” pairs. This can also be used to model a
user’s goals, background or other personal details. On the other hand, the
stereotypical model is simpler as it assumes that all users will be classified
into a specific class, for example, beginner intermediate and expert
(Brusilovsky, 1996b). According to Allen, user models have three different
dimensions: long term/short term, individual/group, and explicit/implicit
dimensions. The long term/short term dimension handles collection and
persistence of information over a period of time. The individual/group
dimension considers whether the information is applied to all users in