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Definition of terms

Adaptation model
A model of how an adaptive system should behave. 

Adaptive Hypertext System
A system which offer to tailor hypertext documents dynamically according
to the knowledge, needs and preferences of each user. 

Adaptive System
A system that adapts to the user. It is more general than an adaptive hypertext
system. 

AE
Adaptation engine responsible for performing the adaptation according to
rules in the adaptation model.

AI
The field of Artificial Intelligence. 

AHS
See Adaptive Hypertext System

AM
See adaptation model.

Author
A person that have written and structured a collection of hypertext
documents.

Browser
The environment software in which the user is exploring hypertext
documents. 

C
Programming language. 

Candidate concept
In the process of conceptualization, all terms surviving lexical analysis are
candidates to be chosen as the concept. 

Concept
A concept is a descriptor of the content of some particular chunk of
information, or knowledge source. In this thesis, the concepts are abstracted
from their respective knowledge sources. See also document concept and
element concept.
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Conceptualization
The process of abstracting concepts from the documents and elements of the
domain.

DFA
A Deterministic Finite Automaton object, or DFA, represents words in a
network of interconnected characters. Whole words can be found by
following paths of linked characters.

DM
See Domain model.

Document
By a document, we think of a collection of formatted information, e.g.
including text, graphics, tables and the like. For this thesis, we assume the
documents are published on the Web, if not otherwise noted. 

Document concept
Concept abstracted from a document.

Domain
A domain is a collection of documents, where the documents are somehow
related around one or more abstract, higher level concepts. 

Domain model
A domain model is a description of how the domain looks like regarding
content and structure. The domain model is built from concepts and
relations.

DSL
Domain specific list used by the system in the process of conceptualization,
that is a list of terms that the author has decided to be important for the
domain. 

Element
A document consists of elements of different types. HTML provides easy
integration of elements like graphics, text, tables, lists and the like. In
HTML, the form of the elements are determined by the browser by use of
tags. 

Element concept
Concept abstracted from an element. 

Emphasizer element
Common notion for elements surrounded by the <B>, <I>, <EM>,
<STRONG>, <U> and <CITE> tags. Such elements get emphasised by the
browser, so they are likely to attract the attention of the user. 

HCI
The field of Human Computer Interaction aims at achieving user friendly
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systems. HCI concerns both the design of user interfaces and tools that
support the developement and implementation of interfaces.

Heuristic
Rules based on observations from a small set of data. We use two types of
Heuristics, both for finding concepts and for finding relations. Each
Heuristics employ a value that, when the Heuristic decides to fire on a term,
is added to the total score of the term. 

High quality
When we speak of a domain model of high quality, we think of a resulting
model that would please the author when compared to his view of the
domain. 

HTML
The Hyper Text Markup Language (HTML) is the language in which most
documents on the Web is written today. HTML uses mark up tags to specify
the formatting of documents. 

Hyper reference
A link between two documents on the Web provides the user the option to
jump from the first to the other when selecting the link. 

Hypertext
Documents written in the HTML language.

Information source
IR-techniques produce different sets of terms. These techniques are referred
to as information sources. DSL and lexical analysis are examples of
information sources. 

Interface
The interface is what is between the user and the system.  

Internet
A network of networks, providing several services like e-mail, news, the
Web, etc. 

IR-techniques
Well known methods from the field of Information Retrieval that basically
process text. 

IUI
The field of Intelligent User Interfaces (IUI) constitute the intersection of AI
and HCI, and concerns how to enhance the usability, simulating intelligent
behaviour in the dialogue with the user. 

Knowledge source
Elements or documents filled with content in HTML, we call knowledge
sources. 
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Lexical analysis (LA)
The process of transforming a stream of characters into a list of lower case
terms or “tokens”. When combined with stopword removal, the idea is that
any text will be transformed into a list of terms where the most frequent
words in the english language, are removed. 

Models
Models describe something so that the system understands it. In this thesis,
models for domain and users are represented in terms of concepts and
relations. 

PHP
Programming language suitable for server side programming on the Web. 

PROLOG
The declarative programming language PROLOG (programming in logic) is
often used when AI is involved. 

Relation
Relates concepts. There are different relationship types, we use parental,
prerequisites, deeper explanations and synonyms. 

Score
When conceptualising some text, the terms are given values from different
Heuristical rules. The score is the sum of all these values. 

Sets on the form Ci
The union of all sets produced by the information sources. The result
constitute the candidates that compete for presidency as the concept.  

Sets on the form KDOC
Holds all the element concepts and the document concept for a specific
document. 

Sets on the form SP LA
SP LA, SP DSL, SP EMP and SP TF are sets of terms that are produced when a
paragraph element is exposed to the different information sources. 

Sets on the form Rtype
All relations in the domain of the specified type

Stemming
The automatic fusion of term variants into one common stem. 

Stopword removal
See lexical analysis.

System
With system, we mean the software running on a computer. 
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Tag
The author can use tags to mark up and format documents. In order to make
a sentence appear in bold, the <B> tag is placed in front of the sentence, and
it is ended with an </B> tag.  

Term
A term is a word that has gone through the process of lexical analysis. 

Term frequency
Indicates how many times a term occurs in a text.

Text
A collection of words. 

TF
See term frequency.

UM
See user model. 

User
The user is a person that is using a computer system. The user is
communicating with the system through the interface. Users have different
skills and can be broadly classified as novices, intermediates or experts.
Novices are assumed to have no knowledge at all in the domain at the time of
starting the learning process, intermediates have the basic knowledge, while
experts are assumed to have deeper knowledge. 

User model
A model of preferences and the knowledge held by a user. 

Value
Attached to the Heuristics are values, which are numbers to be given to each
candidate concept that leads the corresponding Heuristic to fire. 

Web
The biggest service on the Internet is the World Wide Web. People often
mistake the Web for the Internet, but the two are not the same. 



8



9

1 INTRODUCTION

The merging of many existing networks and the use of the standard HTTP protocol
for exchanging data on the Internet has opened for new ways of presenting
information to its users. Distinct from e.g. database systems, the information
system called the World Wide Web (or “Web” for short) are not structured and
users often feel overwhelmed with information when navigating the virtual space
at hand. Moreover, most online documents are static in nature, written once and for
the average reader. Adaptive systems promise a new interactive user experience by
accounting for the knowledge and preferences of each individual user or groups of
users and tailor presentations accordingly. The process of turning existing
documents into dynamic presentations is an expensive affair since it requires the
system to learn the knowledge of both the users and the domain. In this thesis the
goal is to identify methods for how the computer can assist a domain expert in the
construction of a domain model of high quality for an adaptive hypertext system,
requiring as little effort as possible from the expert. A domain model can be
constructed in many ways. Due to different methods and various approaches, some
models might represent the domain knowledge better than others. With “a domain
model of high quality” we therefore mean that the model not only correctly
captures the domain knowledge with respect to concepts and relations, but also
describes it very well if judged by an human expert. 

The thesis is organised as follows: Motivated by an increased need for building
intelligent systems that can tailor presentations on the Web, we define the main
goals of this research in chapter 2. Thereafter, related research exemplify some
existing systems and important work from the field in chapter 3. Of the systems
built by today, a characteristic is that all operate in closed, restricted domains.
Chapter 4 explains why it is difficult to do otherwise, and furthermore places
adaptive hypertext systems within the frames of intelligent user interfaces in order
to prepare the reader of important terminology and knowledge from the field
necessary to understand before moving on. Next, the identification of Heuristics is
central in chapter 5 and provides the basis for ensuring quality to the adaptation
phase. Finally, in chapter 6, we develop a prototype implementing the ideas, and
evaluate the work. We also sketch how possible adaptation variants can be realised
fairly easily when a model of the domain is completed. 
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2 MOTIVATION

Throughout the last decade, several studies in the field have shown attempts to
make systems that fit individual users better. In an Internet context, adaptive
hypertext systems are named as promising. 

2.1 Background

With his MEMEX, Vannevar Bush tried to beat the information overload he was
facing in 1945 [Bush45]. His ideas of storing and linking microfilm documents are
the origin of the hypertext idea, which have developed to the collection of
documents linked together in a non-linear manner today known as the World Wide
Web [Berners-Lee96]. The information overload problem has become much larger
than the generation of Bush ever imagined, and despite a dynamic conduct in terms
of a continually changing document collection, the Web is in many ways a very
static medium regarding the content presented to each user. 

2.1.1 Challenges of HCI 

From being a tool for the scientist or expert user only, the computer turned into
common property a couple of decades ago. As the number of people that used a
computer increased, so did the need for more user friendly systems. The society
today is flooded with information and is commonly referred to as “the information
society”. From a user point of view, computers are tools that provide services like
money transactions, entertainment, information development and exchange. In
order to fulfil their services, it is often required that the users have certain skills in
how to use the systems. Unless being trained before interaction, the fellow man
might therefore face troubles when interacting with computer systems. From the
user point of view, one should, ideally, not need to have any technical knowledge
on computers in order to survive in the digitized world. 

An user interface constitute the intersection between the user and the software. In
the area of Human Computer Interaction (HCI), the user is in focus. The field
concerns the design of user interfaces, mental models to help the programmer in
the design phase, and tools to support the development and implementation of
interfaces. Schneiderman points out that due to the possibly broad spectrum of
usage situations, the developers are forced to go for designs that benefit all users or
the average user. The final product is not only constrained to user demands, but
also to the technology available. Thus, for the user, the individual satisfaction of a
piece of software may vary a lot [Schneiderman00]. Due to the great challenge
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when designing for a broad audience, several techniques have evolved during the
past two decades in order to support developers to meet the goal of usability. 

Usability concerns how well a system can be used. If a system can be easily
learned, is efficient in use, its functionality easy to remember, its appearance
pleasant to the user and the offered services are regarded trustable, the user is more
likely to feel satisfied. E.g. command based systems that have no graphical user
interface might please some users, but the vast majority will probably feel more
comfortable with a graphical user interface, or GUI, using windows, icons, menus
and pointing manoeuvres in order to navigate and act. Even though the graphical
environments of today are somewhat more user friendly than their text-based
predecessors, users still feel it challenging to learn new systems and programs. In
order to write a document, a novice user must first learn how to navigate in the
operating system and how start and use a text editor and its functionalities - which
may indeed not seem too obvious. Thereafter, the typing begins and the user
eventually discovers that it is not easy to instruct the computer on what to do. All
details on which procedures to follow in order to initiate an action are likely to
interrupt or confuse the user, hence removing focus from the task at hand, i.e.
writing the content of the document. 

According to Nielsen, the notion of usability is difficult, yet important, to realise
[Nielsen92]. Moreover, the design and implementation of user interfaces is a
complex matter. There is no silver bullet to make the design and implementation
easier [Myers94], and many problems face designers, only but a few are mentioned
here:  

• designers have difficulties thinking like users do
• the tasks and domains in which to operate can be complex
• iterative design is difficult, but necessary
• the design process is creative rather than mechanised due to lack of theory and

methodology
• there is a huge span in user knowledge, and the cost of making many differing

versions of the software often is too expensive. 

Nielsen further proposes an usability engineering lifecycle of design. In order to
obtain successful user interfaces, the process of usability engineering should not
only consider a larger context and analyse the user needs and characteristics before
the design stage, but also collect user feedback after the release date. In other
words, the result should be regarded as a prototype for the next version of the
software. 

2.1.2 Designing intelligent user interfaces

The difficulties involved in creating an interface that is easy to understand, yet
flexible for the user, have inspired the growth of another field, namely one that
adds intelligence to the system. The field of intelligent user interfaces (IUI) is an
effort to solve the problems of usability, thereby increasing the user satisfaction of
the interactive experience. Combining techniques from artificial intelligence (AI)
with HCI yields interesting possibilities, including the ability for the system to
reason on what the user really wants, adapt its behaviour to each individual user,
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provide context sensitive help, understand inaccurate user input and generate
presentations on the fly according to individual preferences or the knowledge level
of each user. 

As an example, an intelligent interface to an image processing program could
monitor the user’s actions and then try to infer the user’s goals. Thereafter, it would
offer to complete the work for the user. Say, if the user resized a picture, saved it,
and then repeated the action for another picture, the intelligent system would
expect the user to repeat the same procedure on other pictures as well, and hence it
should offer the user to automatically complete the task of resizing and saving a
series of pictures. Identification of patterns from user behaviour is a simple
example of intelligent behaviour. A wide range of potential application areas exist,
however. Fine, if IUI is such a good thing with its main goal to meet the user in
new, more intelligent ways - then why don’t existing software apply such systems? 

In order to improve efficiency and naturalness of the interaction, an IUI must
represent, reason and act on models of users, domain, task, discourse and media
[Maybury+98]. In short, the extended model needed for IUI development along
with the difficulties involved in applying artificial intelligence techniques, makes
the process of designing an intelligent user interface a lot more complex than that
of traditional user interfaces. Chapter 4 contains a survey of some subordinate
fields of IUI. 

2.1.3 Design problems on the Web

Hypertext provides information in a non-linear manner (e.g. as opposed to the
predefined curriculum of textbooks) which means the user can decide what to visit
next and reach related information through visiting linked documents. The links is
a structure of paths, and the paths available offer flexibility to the user, as
illustrated in Figure 2–1. For a domain on a specific topic, notice that since readers
might jump in on a document from somewhere else, it is not even certain that the
user has followed one of the paths as outlined by the author [Berners-Lee95]. In his
style guide for online hypertext, Berners-Lee emphasises that what is natural as
links for one visitor may seem redundant for others [Berners-Lee95]. Due to the
navigational freedom of hypertext environments and the vast amount of
information available, users often feel a sense of getting lost in hyperspace, that is
they are confused about where they are, or where the information they seek is
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located. In general, publishing information online does not automatically make that
sort of information more accessible. 

The implicit ordering of a document concerns the organisation of information
within the document. The author of one domain does not have to know about the
content of another, nor what the user knows in advance of interaction, and
therefore a document essentially consists of the information the author finds most
natural to group.  

With the growth of the Internet, the usability and design problems have become
particularly challenging. The huge span in user interest, level of knowledge,
motivation and experience, makes it very hard to publish online material that is
suitable for each particular user using conventional methods. The field of Adaptive
Hypermedia, and in particular Adaptive Hypertext, promises to overcome such
problems by offering hypertext presentations that are automatically tailored to each
particular user. For instance, a domain on the Web offering articles on
“Astronomy” may expect very different visitors ranging from the open-minded
child, the novice student, the retired woman pursuing the hobby of star watching,
to the Doctor of Astronomy. Obviously, what is comprehensible for the expert may
be very difficult for the child, and what is made fit the novice is annoyingly trivial
to a more skilled person. When accessing a document that contains difficult
information, the novice should therefore be presented the concepts necessary to
understand first. Likewise, an adaptive hypertext system should not present all the
information with which the expert is already familiar, but trim it to a suitable level.
Moreover, the system could deliver a wide range of presentational forms based on
individual preferences, i.e. graphics, text, tabular information, animated sequences
and the like. 

As with IUI, models are needed in order to make adaptive hypertext systems, in
particular models of the domain knowledge and the user knowledge. The number
of adaptive (hypertext) systems is increasing, but it is, however, considered time

Figure 2–1: A typical hypertext graph structure. Some users might choose to jump directly 
from A to D, whereas others prefer to follow the path A to B to E to D or even the entire path 

A to B to C to F to E to D. 
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consuming to integrate existing web-pages into an adaptive environment since
adaptivity requires that the system has knowledge of the content of each document
in the domain, and this process is often plotted into the system’s knowledge base
by hand. 

The challenging task of integrating adaptive behaviour into an Internet setting is of
ever more interest. We therefore feel the need to decrease the time required to
model the knowledge of the domain. With the basis that it is possible to, at least
semi-automatically, process existing hypertext documents and extract the
information within in such a way that a system can apply the resulting model so as
to offer adaptivity to the end user, this thesis explores how. 

2.2 Goals

According to Kobsa, there are two main problems with traditional hypertext
[Kobsa+94]. First, the user often finds it difficult to orientate in large virtual
spaces and therefore easily gets lost during the interaction. Second, it can be hard
for novices to understand difficult concepts, since regular documents are written
for the average audience. 

2.2.1 Analysing, designing and bridging

The idea that the user should decide what to visit next through browsing has both
positive and negative sides. In a traditional hypertextual context this facility
provides freedom to the user, whereas in the adaptive world, it acts as a limitation.
In advance of the interaction the user does not know exactly where in the
hyperspace each particular chunk of knowledge exists, and in order to get to the
information sought, the user has to rely solely on the descriptive names of the

links, menus or sitemaps as organised by the author1. Furthermore, in situations
where some concepts are assumed to be known prior to visiting a document, the
information presented could be difficult to understand if the user lacks knowledge
on these concepts.  

If a system could both learn the content and the informational properties of a
domain, and infer what each user knows at a particular time, it would be able to
redefine the predefined (implicit or explicit) curriculum of the domain for each
user at run-time. In order to prepare a domain for such an adaptive system, a model
of the domain must be constructed and understood by the system. Moreover, the
better and more automated the construction of the domain model, the less the
threshold for an author to go for an adaptive solution while trusting that accurate
adaptations will result. Based on the discussion so far, we define the main goal of
this thesis as to design an adaptive hypertext system that can work behind the
scenes and tailor the documents of a domain according to the knowledge of each

1. A sitemap shows the structure of the domain so that the user can more easily get an 
overview of how it is organized and jump directly to the area of interest.



16

individual user, doing so through an extensive analysis of existing HTML-
documents without requiring the author to rewrite and reorganize new documents.
A system would perform at best if the domain model is as complete as possible
[Davis+93]. We therefore mainly concentrate on ensuring quality to the
representation of the domain knowledge.  

As will come clear throughout this thesis, an adaptive hypertext system has many
target application areas. E.g. Schank stresses the need for 1-1 learning situations
[Schank95]. As with the astronomy-example, electronic education often suffers
from a lack of individual considerations. In an educational context, a teacher would
benefit if offered means to turn an existing static course into dynamic presentations
tailored to each student with very little effort required. In addition to the adaptive
generations of content, the system could help students in planning how to browse
the domain, or give advice along the road. 

2.2.2 Methodology

Computer Science have historical bonds to mathematics, science and engineering.
According to Denning these roots are the basis for the three paradigms of
Computer Science, namely those of theory, experimentation and design
[Denning99]. Furthermore, Denning divides Computer Science as a discipline into
several subareas, each of which has activities in each of the three paradigms. The
areas named range from Algorithms, Programming, Architecture, Operating
Systems, Databases/Information Retrieval and Software Engineering, to Artificial
Intelligence, Graphics, HCI, Computational Science and Bioinformatics. 

Whereas the paradigm of theory concerns the construction of frameworks, the
paradigm of experimentation explores and tests models of systems. The paradigm
of design focuses on how to build computer systems that work in given application
domains. Theoreticians often aim at deep, comprehensive analyses around formal
models. Experimenters often use prototyping to quickly construct models of
systems. Designers build systems according to accurate specifications which
satisfy their customers. 

This study belongs within the intersection of the paradigms of experimentation and
design. Aiming at semi-automatically building a domain model from a collection
of hypertext documents, we first experiment on how the use of certain techniques
can help in the process, then validate the experiments through empirical
prototyping, followed by a discussion of the results which is the basis for designing
an adaptive hypertext system. 

Table 2–1: The main goal of this thesis

The main goal of this thesis is to design an adaptive hypertext system in order to bridge
the gap between the domain knowledge and user knowledge, and building the models
needed in the system through an analysis of existing hypertext documents of the
domain. 
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3 RELATED RESEARCH

Hypertext documents tend to overwhelm the reader with too much information, or
an inappropriate level of detail is presented. Several studies and systems propose
solutions to these problems. 

In his survey, McTear mentions two systems. METADOC uses a technique called
“stretchtext” where classifications of users and concepts are used to vary the
amount of detail presented. The HYPERFLEX system can guide the user to
information judged to be relevant by recommending topics based on preferences,
goals and needs of different users. Matrices are used to link topics in a document
and to link topics with nodes representing particular user goals. The system learns
through user feedback, by adjusting the weights of the links [McTear93]. 

The system KN-AHS achieves adaptivity by using the shell system BGP-MS. The
user may ask about more information related to hotwords, and the data presented
reflects what the system believes the user knows. The self-explanatory user
interface stimulates user navigation. Knowledge about the user is both based on an
initial interview with the user and by deducing what the user knows based on
navigational behaviour. [Kobsa+94]. 

Three systems are exemplified by Kules: AVANTI is a system that customizes web
pages about a metropolitan area for different users (tourists, handicapped, elderly,
residents). INTERBOOK is an advanced WWW application and supports
incremental learning. In a web-environment the HTML model and the HTTP
protocols limit the details about user actions. Therefore in order to infer what the
user know, the system keeps track of what the user has seen. Finally, ORIMUHS is
a context-sensitive help system and employ sophisticated user models [Kules00]. 

Even though simple user models are able to represent all the necessary knowledge
to achieve curriculum sequencing and adaptive guidance, the knowledge state of a
user in www-based learning systems is complicated to maintain. Weber et. al
present a solution using a combination of an overlay model and an episodic user
model [Weber+97]. The episodic learner model (ELM) stores knowledge about the
user in terms of a collection of episodes. In our work, we take a quite similar
approach to the structure of the knowledge based tutoring system ELM-ART II,
whose steps are:

1. Translating text to small sections of units/HTML-code associated with concepts
to be learned. 

2. Building a conceptual network with links among related concepts. When a page is
visited, the corresponding node in the network is updated. Dynamic slots are
stored with the learner model for each user and make it possible for the system to
guide the user optimally through the domain. By marking concepts of a unit as
known an inference process (possible recursive) that marks all prerequisites to
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this unit as inferred, is started. This corresponds to the curriculum sequencing and
adaptive guidance noted above. 

3. Recording all interactions of the learner (the student) in an individual learner
model 

4. Using traffic lights visible to the user during surfing as a metaphor for annotating
links, should reflect the information in the user model. 

5. Dealing with inconsistent knowledge by means of tests. 
6. Incorporating means for the user to re-use the code of previously analysed

examples and to easily navigate an optimal learning path by clicking a next
button. This feature also helps the user from getting lost in the hyperspace. 

This approach has several advantages: it provides a selection of examples that best
puzzles the present learning situation, it is suited for diagnosing solutions to
problems, and it gives individualized help. 

ELM-ART II differs from our work in that our focus is on developing means to
semi-automatically associate concepts of high quality with each HTML unit and
building a conceptual network representing the domain. Like us, Ashish et. al use
formatting information in Web pages to “hypothesize the underlying structure” in
order to provide integrated access to multiple Web sources in a particular domain.
The sources are parsed for sections and subsections relying on heuristics for font
size and indentation spaces. [Ashish+97]. The AHM system uses a model where
the documents explain the concepts they are linked to and the links are assigned
values that indicate the level of difficulty [da Silva+98]. 

We believe that once the domain model is built, adaptive variations can be made
fairly easily. For example, in their WHURLE system [Moore+01], Moore et. al
follow the track of Ted Nelson’s vision of transclusion by including smaller pieces
into a document led by a lesson plan and the user profile. 
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4 ADAPTIVITY

Developing an adaptive user interface (AUI) requires an interface that can be
adapted, a user model and a strategy for how the adaptation should take place. An
overview of the field intelligent user interfaces (IUI) is briefly introduced in
section 4.1. Within this context, adaptive systems are more deeply examined in
section 4.2. For adaptive systems, the importance of the underlying models can not
be underestimated, and are discussed in section 4.3. With this, a foundation for
understanding adaptive hypermedia, whose strategies are brought to light in
section 4.4, is made. Finally, section 4.5 outlines an architecture for an adaptive
hypertext system (AHS) to help illustrate the main points of this thesis. 

4.1 A model for IUI

Traditionally, interface models accounted for presentation, dialogue and
application. With intelligent user interfaces an extended model is needed,
including input analysis, management of the interaction and generation of the
output [Maybury+98]. An interesting observation is that the intelligence in the
input, output and interaction processes gets provided through the use of explicit
models of user, task, media, domain and discourse. Figure 4–1 gives an overview
of a generic model underlying most intelligent user interfaces. Important sub-fields
of IUI are exemplified below. 

Figure 4–1: Overview of the field of IUI
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4.1.1 Multimedia analysis

The field of multimedia analysis supports intelligent processing of multimodal
input. The information from all the input sources are interpreted and merged
together into one integrated meaning, as shown in the “interaction management”
and “media analysis” areas of Figure 4–1. The goal is to let the user communicate
with the machine instead of only using it, while accepting possibly ambiguous
input. Koons describes a prototype operating in the blocks world which integrates
and interprets simultaneous input from speech, gaze and gestures using a frame-
based method [Koons+93].

4.1.2 Multimedia presentation

Multimodal presentation systems use many media in parallel in addition to
exploiting the strong sides of each medium. The generic problem when using
multimedia in an intelligent setting concerns how the computer can analyse and
construct multimedia presentations on the fly. The process of generating output is
related to the context, task and user expertise. Selecting the content, allocating and
realizing the media and performing layout are interdependent processes. Their
underlying knowledge sources are of great importance [Arens+93], as also
depicted in Figure 4–1. The knowledge-based presentation system WIP generates
multimodal presentations by means of an incremental planning process while
reasoning about the task and context [Wahlster+93].

4.1.3 Automated graphic design

Designing every possible data and presentation situation is an ineffective,
comprehensive task that often requires the developer to be an expert. An
illustration usually has a communicative intent and gets interpreted in some way by
the receiver. Hence, the goals of automated graphic design include letting the
system decide how to generate the graphical presentations and from the user’s
point of view to remove the possible ambiguity between intended and interpreted
presentations. Since the design process needs to be tailored to the context, task and
user, it relies upon the use of models. The IBIS system makes use of a generate-
and-test approach with a goal-driven search process. If a solution is not
satisfactory, the system backtracks so that the illustration can be regenerated.
Formalizing the intention of a communication reduces the ambiguity of
presentations [Seligman+91].

4.1.4 Modelling and plan detection

Typical tasks of intelligent systems like planning explanations, answering
questions based on prior discourse and supporting interruption, rely upon the use
of underlying models. A user model contains information about users. A discourse
model has descriptions of the history, syntax, semantics and pragmatics of the
dialogue between the user and the system. UCEgo is a consultation system that
corrects the misconceptions of a user or provides needed information that is not
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explicitly asked for. Gaps in knowledge are discovered through reasoning about
the user model e.g. whenever changes in environment or internal state occur. The
UCEgo agent needs to be both autonomous and do rational planning to make
intelligent initiatives. Goals depend on context, and the central problem for UCEgo
concerns how to detect new goals when they are not stated by a human planner
[Chin91]. 

4.1.5 Model based approaches

Model based user interfaces constitute a different approach to intelligent user
interfaces by allowing the designer to describe a model consisting of facts rather
than using large procedural programs. The goals comprise the reduction of the time
and expertise required to create user interfaces, the identification of reusable
components, and the construction of extensible models in an easy, comprehensible
way while maintaining as much of the expressiveness as possible. Model based
development has advantages over traditional user interface toolkits and UIMS
systems. Dialog control is separated from the application code and the designer is
blessed with more powerful design tools. Modifying the behaviour of an interface
only requires to change the model instead of reprogramming a certain section.
Merging the best aspects from the UIDE and HUMANOID systems, the
Mastermind project constitutes a step towards a complete model supporting the
entire design-cycle [Nechest+93]. The overall goal of Mastermind is to generate
automated and animated help facilities, as in UIDE [Foley+88], [Sukaviriya+93],
and use the design models to “map low-level user gestures onto high-level
semantics” [Möller]. The prototyping stage is easier because conceptualization is
regarded as a search in a space of alternative designs and explicit models ensure
consistency between task and design.

4.1.6 Agents

Among the arguments in favour of an agent-based approach to intelligent user
interfaces, are the need for distributed computing and the limitations of direct
manipulation [Schneiderman+97]. Direct manipulation and software agents are
complementary rather than mutually exclusive. Agents are more convenient in
settings with complex environments, difficult tasks, a dynamic network of people
and information, or relatively naïve users. 

Tveit observes that the most common classification scheme distinguish weak from
strong agencies [Tveit01]. In a weak notion, agent attributes are: 

• Autonomy - agents decide for themselves what to do and when to do it
• Interactivity - they are willing to work in concert with other agents when

requested to
• Reactivity - they are able to sense and act on the environment 
• Proactivity - they take initiative

In a strong notion, the following attributes add to the previous list: 

• Veracity - their actions can be trusted by a person and they do what they are told
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• Mobility - they move around from one place to another whenever necessary 
• Rationality - they perform their actions in an optimal manner

According to Bradshaw [Bradshaw97], one may either look at the agent as an
ascription made by a person in terms of what they are, or as a description of its
attributes (i.e. a list of what they do). He points out that communication with
humans should take place in a non-symbolic, natural language-like way and that
the agent should be using models to infer new knowledge. In short, its overall task
is to adapt to its environment and learn from experience over time. 

Agents fit complex software systems well, since they can be viewed as organised
sub-systems that facilitate decomposition and interaction [Jennings99].
Furthermore, they may play various roles for different people and situations, i.e. as
personal assistants, intelligent user interface managers, agents behind the scenes,
performing agent-to-agent communication etc. Acting as personal assistants,
agents become more effective as they learn the preferences, habits and interests of
a user. How do they acquire sufficient competence of their users, and do users
actually trust the help offered? A knowledge-based approach to the problem makes
use of domain specific background knowledge about both application and the user
[Maes94]. Maes argues that an alternative approach that relies on machine learning
techniques may be more convenient if different users use different strategies and
habits in the interaction with the application. Given only a minimum of
background knowledge, the agent has to search actively for information about the
user and his tasks. This is done either by monitoring the user i.e. by searching for
repetitive actions, through user feedback, training examples provided explicitly
from the user or through the interaction with other agents. 

4.2 Adaptive systems

Presenting easy, efficient and effective interfaces is the main goal of adaptation.
[Malinowski+92]. It is difficult to write software that will fit millions of users
perfectly. Nobody learns a system completely but uses different parts of it and
shares some common basic knowledge about its functionality. Adaptive systems
change this paradigm by turning use time into a different kind of design time by
adjusting the interface according to the user’s skills, knowledge and preferences. In
order to achieve adaptivity, underlying models of both user and task are essential,
as well as the separating the user interface from the application [Fischer00]. 

4.2.1 Classification of adaptive systems

When working with computers, users need to adjust the interface according to their
own needs and preferences, goals, tasks and contexts. For the system to say the
right thing at the right time in the right way implies reducing the information
overload and adapting the presentation to the relevant task, knowledge and
experience of the user. An AUI supports this process in more or less sophisticated
ways, while a static interface doesn’t. Malinowski et. al describe a taxonomy that
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places adaptive systems in the context of intelligent user interfaces: Roles of an
intelligent interface are fulfilled by the integration of an AUI, an intelligent help
system and an intelligent tutoring system. These roles comprise adapting to the
needs of the user, provide context sensitive help, and supporting the user of the
system [Malinowski+92]. The taxonomy used is based on four stages of the
adaptation process, namely initiation of the adaptation, proposal of possible
changes, decision of actions to be taken and execution of the selections. The degree
of adaptation depends on whether the user or the system performs each of the
stages. As an example, a system is called self-adaptive if it performs all of the
above stages itself.

Furthermore two groups of adaptation are distinguished: adaptation of
communication and adaptation of functionality. The first group includes systems
that provide context sensitive help, like UIDE [Sukaviriya+93]. The second covers
the automation of tasks and generation of new complex functions, offering a
solution to an important goal of intelligent systems, namely to let the computer
carry out the routine tasks and allow the user to perform the creative ones. At the
syntactic level, adaptation may yield counting the number of interaction steps,
while a higher-level adaptation accounts for goals and tasks of the user as a basis
for achieving functional adaptation. 

4.2.2 Factors and roles 

It is important to decide when interaction should occur, what information to use
and how to present it on the screen. The needs of users or groups of users must be
considered before the system is built. At use time, adaptation can happen
continuously by comparing the situational changes to the user’s needs, but also on
junctures (predefined critical situations), on special occasions or on user requests.
Adaptation implies a certain risk, e.g. situations where the user and the system are
trying to adapt to each other and thus never reach upon an agreed interface
[Malinowski+92]. The adaptation process might also confuse the user if not done
carefully. Fischer stresses that in an adaptive setting little or no effort is required
from the user, possibly resulting in loss of control [Fischer00]. In adaptable
systems, however, the user is regarded to know its tasks best and should therefore
make changes to the functionality by setting preferences. This requires the user to
learn about the existence of, and how to use the adaptation component. 

The environment is an important factor when designing intelligent user interfaces.
Most systems behave intelligently only in their original surroundings - with
changes, the performance degrades. An adaptive system, however, gains its power
by reacting to a changing environment. One way to defer the design is by
incorporating different variants into the system and let triggers activate the set of
design choices. Hence measurements for evaluating the benefits of the design are
important for the adaptation process, whose requirements are:

• a theory which relate user behaviour to user interface needs 
• access to what the user does 
• models of e.g. task and user
• a flexibility in the user interface to accommodate new design variants 
• an agent to make this design choice 
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Rautenbach uses a simple game for classifying adaptive systems and proposes a
two level architecture for adaptation. 

In the model in Figure 4–2 a higher level adaptor identifies major changes and
chooses the best design-variant, while at the lower level, the focus is on adapting
the interface according to the user's needs. This separation of modeller and
introspector is convenient [Rautenbach+90]. 

4.3 Models add power to adaptive 
systems

An AUI is generated at run-time, meeting the demand that interfaces to complex
systems should be able to adapt to different users. In particular, user modelling is a
key term for the provision of adapted services, and covers the process of gathering
relevant information about each user. This knowledge source is essential for the
dialogue behaviour of the system and for reasoning about the user. In this section
models, and especially user models, are explored in the context of adaptive
systems. 

4.3.1 The importance of external models

Making models explicit to the system extends flexibility, but these sources may in
some systems be implicitly contained in the code, and furthermore distributed or
centralised [Malinowski+92]. Modelling components should maintain the models,
e.g. by building the model incrementally, maintaining its content, providing
consistency, and supplementing other components of the system with information
about the user or the dialogue. The XTRA system uses external components in
order to assist the user in filling out tax-forms [Wahlster91]. 

Figure 4–2: Two-level architecture for adaptation
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4.3.2 Representation

According to Davis et. al, a knowledge representation is a fragmentary theory of
intelligent reasoning [Davis+93]. Despite its incompleteness, adaptable behaviour
does require intelligent selection of content, and in order to achieve it, the choice of
representation becomes important. 

A user model can represent individual users or classes of users. The dimension
ranges from individual user models, through stereotypes, to canonical models.
Individual models may be cost-expensive with respect to maintenance, but they
provide more flexibility to the system. Canonical models do, on the other hand,
characterise abstract, typical users. In between, stereotypes are clusters of
characteristics and have proven useful for building powerful models of users when
no, or only a small amount of information, is available [McTear93]. Rich presents
the system GRUNDY that acts as a librarian recommending books based on a
dialogue with the user [Rich79]. Two kinds of information is required for enabling
an effective use of stereotypes in GRUNDY. First, a set of facets associated with
values will in sum characterise the user. Secondly, triggers signal when a
stereotype is appropriate and should be activated. The information in the
stereotypes is probabilistic, and therefore constitute <attribute, value, rating>
triples. The user model, or user synopsis (USS), is built from information of
actions, stereotypes and the user. Since the system must justify its own
information, the USS consists of a set of <attribute, value, rating, justification>
quadruples and is used for guiding the rest of the system. Inheritance plays an
important role for stereotypes in order to deduce information.  

While the stereotypes in GRUNDY rely on linear parameters with simple numeric
scales, other techniques for constructing user models exist. If the system should
represent the user's knowledge, goals, plans etc., a more expressive scheme, like
concept-based representations, is needed. [McTear93]. In FRONTMIND, a
bayesian network is used [Kobsa01]. Other schemes can be based on logic,
inference rules, frames, production rules and connectionist (neural) networks. In
the SiteIF project the user models are represented by semantic networks where
every node and relation have weights in order to represent different levels of
interest for the user [Stefani+99]. Kules suggests some guidelines that should be
considered when constructing user models for adaptive systems, focusing on the
importance of embedding the philosophy “know thy user” into the system
[Kules00]. The user should also be aware of the existence of, and understand the
user model, possibly being allowed to adjust its attributes. Fink et. al stresses
privacy issues and an open dialogue with the user in their AVANTI system. In
additional to technical solutions regarding security, users can choose the sort of
modelling to be used [Fink+97]. 

4.3.3 Acquisition, maintenance and reasoning

In GRUNDY, learning happens through the modification of the stereotypes. In
general, updating user models is important when interacting with a user over time.
The values of the above attributes may be either explicitly captured by prompting
the user for information (user driven acquisition), or implicitly during the course of
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dialogue (system driven acquisition). In the first the system plays a passive role.
Stereotypes might be used when information about the user is limited, or as a
supplement to other methods. Implicit acquisition, on the other hand, is more
dynamic and requires rules of inference and a way of handling conflicting
information [McTear93]. The analysis engine is essential to the system as a means
for deriving new facts about the user, and next potential steps can be suggested. 

Even though the information contained in a user model varies according to the
application, situation and the sort of modelling used, a typical user model needs
maintenance on the following attributes [Kules00]:

• User preferences, interests, attitudes and goals 
• Skills of the user (concerning both domain and system) 
• Interaction history 
• Stereotypes, if present

Connectionist networks can more easily handle inexact information and
incremental acquisition by assigning each node with energy levels (which are
spread to connected nodes in the network) and allow the weights of the nodes to
gradually evolve over time.

How to model the user’s knowledge and beliefs is important for an adaptive
system. Plan recognition helps inferring new tasks and is a source for further
information about the adaptation. In order to provide context-sensitive feedback,
plans can be recognised by monitoring or reasoning about the user
[Malinowski+92]. The KNOME-system infers what the user knows about UNIX,
providing different answers to users with different levels of expertise. McTear
emphasise that models tend to be incomplete and inconsistent. The information
provided by the user is more likely to be true than information based on the user's
stereotype. The more specific information should therefore override the more
generic information if the properties are inherited. Methods for combining or
adjusting numerical values are also part of the maintenance process [McTear93]. 

Dynamic models are closely related to adaptive systems, but require methods for
resolving conflicts. According to Kobsa, the shift from traditional shell systems
towards less demanding domains like user-tailored web sites, made complex user
modelling redundant, i.e. other aspects yield significance: 

• quick adaptation should be based on short initial interaction 
• companies can integrate their own methods or third-party tools 
• heavy work should be distributed
• mechanisms to recover in case of system breakdown 
• inconsistencies and faults in the models must be avoided 

New services like predicting the future actions of a user based on trends among
similar users, demand support for privacy policies and explicit representations of
the patterns inferred. Systems like PERSONALIZATION SERVER and GROP
LENS, provide many benefits: easy access among applications on user
information, methods that can be applied for model protection, easy integration of
complementary information from different sources, and centralising the user model
servers in order to relieve the clients from the user modelling tasks. Serving many
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applications at the time is solved by allowing the user modelling system to
communicate with the application through inter process communication
[Kobsa01]. 

4.3.4 ITS, an illustrating example 

Hypertext documents tend to overwhelm the reader with information or present an
inappropriate level of detail. User modelling helps an adaptive system to avoid
presenting information that is already known to the user. Goals of intelligent
tutoring systems (ITS) are curriculum sequencing and interactive problem solving
support. These goals reflect the need for models in adaptive systems well. The first
concerns the order in which new knowledge should be learned. In textbooks the
author has predefined the curriculum of the learning path in advance of the
interaction. Such a static organisation assumes an average learner and does not
take into account individual preferences. Electronic textbooks take user freedom a
step further since they allow for a more random-like surfing through the text by
choosing links. An adaptive system should, in addition to this freedom, “give hints
as to what pages will be most suitable for visiting next” [Weber+97]. In other
words, the user should not have to work way through new pages that offer
knowledge with which he or she is already familiar. Browsers that annotate visited
links come short in comparing the content of a document with the user knowledge.
Representing the individual user knowledge in corresponding user models is
essential for adapting the presentation distinctively for each user. The second goal
concerns interactive problem solving support and can be facilitated through model
tracing, using techniques where the system e.g. monitors the user during problem
solving and gives advice when it discovers that the path followed will lead to an
error.

In ITS, individual student models representing the student’s knowledge of a
domain, are subject to frequent changes and therefore have to be updated
continuously. One way to achieve adaptivity in this setting is by inferring which
concepts are learned, and compare each student model with an ideal model
constructed in advance of the interaction. The result is that new information can be
customised according to what is most useful and understandable for each student.
Combined with hypertext and a Web environment, this yields new opportunities
for net-based teaching, i.e. replacing the traditional learning situation with a non-
linear course tailored to each student. 

4.4 Adaptive hypermedia

Conventional hypermedia applications offer navigational freedom, but rely on a
strong authoring model which assumes that the author “knows best” [Bodner+00].
Adaptive hypermedia systems attempt to overcome these problems of orientation
and comprehension, particularly necessary in a Web environment. As noted before,
an adaptive system uses explicit models to achieve its goals often founded on
intelligent technologies for user modelling and adaptation. 
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4.4.1 A brief history of adaptivity

Brusilovsky presents the state of the art in one of his surveys [Brusilovsky01]. The
research field of adaptive hypermedia can be traced back to the early 1990s and is
a result of the two somewhat older parent fields of Hypertext and User Modelling.
The year 1996 is a milestone in the “adaptive world” because of the explosive
growth of the World Wide Web and the accumulation of experience in the field.
Before 1996, mostly laboratory systems were built to demonstrate ideas, whereas
systems born after 1996 demonstrate real world settings. Currently, three major
technologies exist, namely adaptive content selection, adaptive navigation support
and adaptive presentation:

1. Adaptive content selection: Such systems select and prioritise the information
resulting from a query according to what is assumed to be most relevant for the
user. 

2. Adaptive navigation support: Studies have shown that manipulating link
anchors can increase the navigational speed and prevent the user from feeling lost
in hyperspace, but also that only certain strategies work [Höök+99].
Approaches include directed guidance, link hiding, link sorting, link removal,
link annotation and map adaptation. 

3. Adaptive presentation: Systems that have means to present the content
dynamically or adaptively belong to this category. A widespread strategy is to
conditionally show, hide, highlight or dim fragments, whereas other systems
tailor new, adaptive documents by comparing a user model to an overlay domain
model. Presentations according to the needs of each individual visitor is often
referred to as customization, whereas transformation improves the presentations
by identifying interaction patterns from all visitors. Finally, content based
adaptation organises material based on content and apply for ITS and the like.  

Whereas the first generation of adaptive hypermedia concentrated on modelling
user knowledge and goals serving adaptive navigation support and adaptive
presentation, the second focused on adaptive recommendation systems based on
modelling user interests. These systems monitor the browsing activity and try to
deduce the goals and interests of the user. If successful they can present a set of
relevant links. Nowadays, a third, mobile generation adds to the system models of
context like location, time, bandwidth and platform, hence improving functionality
so as to adapt to the user situation as well [Brusilovsky+02]. 

4.4.2 Recommenders - an example of adaptive 
hypermedia challenges

It is important to distinguish recommenders working in a closed information space
from those working with the whole Internet. Today search engines make use of
techniques from information retrieval research. A similar (yet far more powerful)
adaptive hypermedia system needs to learn about the structure and content of
nodes by analysing the documents and turn them into a corresponding closed
hyperspace. Learning about the structure of documents requires working within a
closed space. According to Brusilovsky, there are two ways to close an open
hyperspace [Brusilovsky01]: 
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1. Select the most relevant links by analysing a few steps ahead of the present
browsing point of a single user.

2. Learn about the documents by collecting browsing data from a community of
users.

The goal of the process is for the system to understand hypertext-documents and
links without use of a human indexer, and obtain documents indexed
corresponding to the user’s goals, knowledge and background. 

4.4.3 Other approaches to individualised 
presentations

Next door to adaptive hypermedia systems we find the field of dynamic hypertext
which uses natural language techniques in order to fuse information and move
away from the strong authoring model offered by traditional hypertext. Dynamic
hypertext unifies querying and browsing, thereby avoiding the need of switching
between search mode and browse mode. Another benefit is that dynamic links
don’t get broken. Bodner et. al claim that systems implementing the idea work best
for collections with coherent vocabulary and well written text [Bodner+00]. Both
adaptive hypertext and dynamic hypertext tailor documents to the user. The latter
contrasts adaptive approaches since there are no existing hypertext documents
before the user requests them [Milosavljevic+98]. In other words, dynamic
hypertext systems move further than adaptive hypertext systems, thereby
overcoming the problem of committing to some pre-written segments.  

4.4.4 Future challenges

Adaptive systems provide dynamic adaptation through possibly implicit
acquisition and hence little or no effort is required from the user who may not even
know about the existence of user models. With the shift from expert users to
relatively naïve inexperienced users in the Web environment, complex systems
providing adaptivity at satisfactory levels while preserving the need of the user
feeling in control are required [Schneiderman+97]. Fischer emphasises the need of
separating user modelling from task modelling. Privacy should be maintained and
misuse of the models avoided. These aspects challenge many commercial
strategies found on the World Wide Web today [Fischer00]. 

4.5 Planning an adaptive hypertext 
system

According to Wu et. al, most adaptive hypertext system architectures depend on a
domain model (DM), a user model (UM) and an adaptation model (AM) [Wu+01].
In this thesis we focus on ensuring quality to the construction of the domain model
of an AHS, whose overall strategy is introduced in this section. Some components
are based on ideas from ITS. 
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In order for adaptation to take place in a sophisticated way, the AHS needs to build
a model of the domain, maintain individual user models, and generate adaptive
documents by reasoning on what the user should be presented next.  

4.5.1 Building a domain model

A domain model must represent important information in order to express the
domain knowledge. As shown in Figure 4–3, we plan to first parse each HTML-
document in order to extract as much information as possible, aiming at
automatically extracting proper concepts and relations of high quality. Rules
should assist the selection of concepts that describe the knowledge of the
documents and their sections, and help identify relations among the concepts. DM
is incrementally built as documents are exposed to analysis, but since it is regarded
a difficult task to determine the meaning of a Web page reliably [Perkowitz+00],
one might assume the results to be far from perfect. Somewhat similar to ITS,
whose modelling concern how a domain expert would represent the knowledge to
be taught to the learner [Beck+96], manual evaluation and adjustment from
someone skilled in the domain is probably needed in order to perfect the DM. For
our approach the interesting question is whether we can realise a domain model
without asking too much of the author. 

4.5.2 User modelling

By monitoring the user during interaction a conceptual user model that represents
the user knowledge in terms of concepts is incrementally built. This information
reflects which concepts the system believes the user presently knows. In ITS, one
way to represent student models is through an overlay model [Beck+96]. The same
assumption is made in our system so that the knowledge of the student is regarded

Figure 4–3: The process of making a domain model is semi-automatical, which means an 
expert should evaluate the proposed model and adjust it manually.
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a subset of that of the expert, illustrated in Figure 4–4. We note that due to student
misconceptions such a model may be imperfect. 

4.5.3 Generating adaptive presentations

For adaptation to take place, the system needs to modify documents so that they
allow for the present knowledge of each user based on information about what the
user already knows. The system could perform a real-time analysis of the contents
of the document requested for, but there are two problems to overcome. First,
going through the processes of parsing, conceptualising and building a network
representation again would likely result in an imperfect temporal representation of
that document. Secondly, as mentioned before, it is expensive to perform such an
analysis in a real-time environment and requiring the user to wait too long would
be unacceptable. As a solution, adaptive documents of high quality can be
generated simply by comparing the incomplete user model to the perfect domain
model. Given that the domain has been analysed in advance, this approach is both
inexpensive and flexible. Each presentation would therefore consist of information
represented by the concepts selected by the system, accounting for individual
preferences of the users. Hence in order to bridge the gap of knowledge, the system
would need to reason on which concepts the user has insufficient expertise and

Figure 4–4: The user model is a subset of the domain model.
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tailor adaptive documents with the required information. The steps of this process
is visualised in Figure 4–5. 

Figure 4–5: Adaptive generations are based on both DM and UM.
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5 IT’S ALL ABOUT 
MODELS

De Bra et. al outline that an AHS should perform its tasks without requiring any
sort of programming by the authors [De Bra+99]. Therefore, the first task towards
adaptive behaviour is for the system to learn the content of a domain. Section 5.1
investigates how to develop suitable methods for extracting information from the
domain sources in an hypertext context. Next, in section 5.2 we find that Heuristics
can ensure quality to the process of abstracting concepts, and we try to identify
relations among the concepts found. From this basis, section 5.3 raises issues on
how a knowledge representation of the domain can be constructed and how the
generation of adaptive documents for each user can be fulfilled. 

5.1 Extracting information

It is important to separate the information gathering from the information
processing. According to the overall plan outlined in the previous chapter, a crucial
step towards a domain model concerns the identification and modelling of the
content of each document. After stating the hypothesis of our work, this section
discusses the nature of concepts. Also, generic document characteristics and proper
techniques for extracting candidate concepts are identified. 

5.1.1 Hypothesis of this thesis

As mentioned in the introduction, some models might represent the domain
knowledge better than others, and as models play important roles in adaptive
systems, the performance of the system depends on the quality of the models.
Figure 5–1 illustrates the different roles played in the adaptive system explaining
the notion of high quality: The author has a mental model of some knowledge, and
expresses this knowledge as HTML documents. During analysis of the static
documents, the adaptive hypertext system tries to generate a domain model which
agrees with the author’s view of the domain. The domain model and the user
models make up the basis from which the system can generate documents adapted
to each user. Since the adaptation depends highly on the content and structure of
the domain model, we therefore choose to focus on ensuring high quality to the
semi-automatic construction of the domain model, and thereafter use the methods
found to build an adaptive hypertext system. Remember from the introductory part
that with high quality we mean that the system should capture the domain
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knowledge well with respect to concepts and relations, so that the domain model is
in accordance with the author’s view of the domain. 

We hypothesise that the combination of Information Retrieval (IR) techniques and
an analysis of document properties and hypertext structure, yields a means to both
find and use Heuristical rules for the identification of concepts and relations, and to
ensure a resulting domain model of high quality for an adaptive hypertext system. 

5.1.2 Some possible approaches

How can the content of the documents be abstracted? One way is to require that
each document should be structured in a specific manner and tagged with respect
to content. Knowing exactly how the documents look like, the adaptive hypertext
system can be programmed to perform powerful adaptations. This is clearly a very
inflexible approach in that it places a heavy load on the author in the tagging phase.
It also conflicts goals of using existing HTML documents as easily as possible, as
exemplified in the system KN-AHS, which compose documents based on
knowledge about with which hotwords the user is familiar [Kobsa+94]. The
hotwords are designed to fit the system in advance of interaction. Systems that

Figure 5–1: The concept of high quality explained in terms of the actors. 

Table 5–1: Main hypothesis

The combination of IR-techniques and an analysis of document
properties and hypertext structure with respect to content, yields
Heuristics that secure the production of an AHS domain model of
high quality. 
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manage personalised views of information spaces extend the notion of classical IR-
hypermedia systems by not only locating but also organising the information in a
way the user wants [Brusilovsky01]. However, running traditional IR-analysis on
the documents with vectors representing each section in a document, the adaptive
information could be presented by comparing the vector-representation of the
document requested for with the user’s knowledge represented in a similar vector
space. Marinilli et. al propose a case based approach to information filtering that
presents HTML documents according to the interests of the users. A filtering
component selects relevant documents for each user by means of a vector model.
After exposing a text document to stoplist, weighting and separation of words, the
resulting array of values (one value for each category) is mapped into stereotypes
[Marinilli+99]. Before bringing our approach to light, we refresh on HTML.

5.1.3 What is HTML?

According to the specifications of the World Wide Web Consortium (W3C),
HTML (Hyper Text Markup Language) “is the lingua franca for publishing text on
the web” [w3]. It is essentially a subset of SGML, but even though a much less
complexity in HTML, the language usually offers authors enough flexibility. An
HTML-document may consist of elements like text, tables, graphics, sound etc.,
and these elements are marked up by means of tags. As HTML is fairly easy to
learn, anyone can make, structure and format their own Internet pages. The
documents may be created either by writing tags and text directly into an HTML-
editor or by converting an existing formatted text-document to an HTML-

document. In the latter case, a standard text-editor1 uses advanced techniques like

style sheets and the like to extend the expressive power of the HTML-language2

and make an HTML-document look as similar as possible compared to the original
document. A complicating characteristic with such automatic conversion, is that
the source of the resulting HTML-document is very difficult to read and edit for a
person due to much redundant coding from the automatic process. Programs to
“clean up” such auto-generated code, or bad programmed documents, exist,

however3. 

An HTML document consists of a header section with meta information and a
body section with the text and graphics presented on the screen. The tags mark up
the text, so if the author of a document wishes to make a piece of it appear in bold,
<B> and </B> tags mark where the bold face-formatting should start and end,
respectively. The tags are present in the HTML-file, but only the interpreted result
is displayed on the screen by the browser. More advanced features like XML,
stylists, Javascript, Java applets and the like can be embedded as necessary to
further format and add functionality to the documents.

1. Text editors range from simple to more complex ones, e.g. Notepad, Microsoft Word, 
Lotus AmiPro, FrameMaker, etc. 

2. DTDs and style sheets redefines the standard formatting provided by the tags.
3. The program “Tidy” for Unix is an example of a program that fixes incorrectly tagged 

documents.
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5.1.4 Using tags in the conceptualization process

Brusilovsky emphasises that adaptivity requires knowledge about links and
documents, where the documents must be indexed according to the user's goals,
knowledge and background [Brusilovsky01]. The process of conceptualization
tries to abstract the information of a domain and associate descriptive concepts
with this information. For an AHS there is a need to separate the information
entities and understand their relative importance as knowledge sources for the user.
We therefore question how to identify and conceptualise each chunk of knowledge
before constructing the domain model. 

There are two interesting observations concerning the nature of online material.
First, with the ability to link different documents the author can make a more
natural decomposition of large documents into smaller ones, so that the size of an
HTML document is on the average relatively small, often limited to knowledge
sources dealing with a specific subject. Secondly, writing and formatting a
document normally involves emphasising important words, structuring the text
through paragraphs, setting up links to related documents, summarising
information in tables and bulleted lists, and perhaps of most importance: using
descriptive headings. The purpose of formatting is to improve readability and the
user’s understanding of the content, and from this we can advantage when aiming
for an AHS. Assuming that most concepts, conceptual structures and domain
specific terminology appear in the documents of the domain, it should be
promising to acquire knowledge from the corresponding nodes [Kietz+00]. Figure
5–2 illustrates how an HTML document is divided into different elements, or
sections, in terms of content and presentational form.

In adaptive hypermedia systems, concepts are used both in the domain model and
throughout user interaction, and are essential to the system since they are the clues
that point to the specific knowledge sources. Davis et. al argues that it is important
that a knowledge representation acts well as a medium of communication and
expression [Davis+93]. The conceptualization can be fulfilled by picking out the

Figure 5–2: Example of HTML documents as they appear for the user on screen, 
illustrating how the author might organise content into different elements.
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most promising keyword terms from the elements, and concepts can be labelled in
a way understandable by a person by using the keywords abstracted. This method
therefore agrees with the demand to simplify the manual evaluation and adjustment
from a domain expert and facilitates the author’s interaction with the domain
model. Moreover, users can better control the content of their user models by
simply looking at the concept label and sort out which concepts seem familiar or
not. In their simplest form, concepts would consist of only one keyword term. By
permitting several concurrent terms, or phrases like “Saying the right thing at the
right time” when labelling the conceptual states, the problem of how to compare
different concepts arises. On the other hand, if several independent terms are
allowed for the concept, similarity measures can be applied. Finally, notice the
possible ambiguity in that a term can have different meanings in distinct contexts. 

De Bra et. al distinguish three kinds of concepts. Atomic concepts are the smallest
information units, pages are composed of atomic concepts, and abstract concepts
represent larger units of information [De Bra+99]. In a similar fashion, we assume
that regarding content, documents are likely to have a context superior to its
sections, and likewise, some documents might be superior to other documents. We
therefore find it convenient to separate document concepts from element concepts
in the process of building a domain model. 

5.1.5 Importance of the elements

Since the formatting tags are included along with the content in the HTML-files,
the system can easily search for concepts in elements regarded important. A tag is
embraced in brackets and has a name, but not all tags need to be closed, that is, no
end-tag is needed to mark the end of the element in order for the browser to
interpret the page correctly. Most tags have some optional attributes that can be
assigned values specifying the purpose or layout of elements. Table 5–2 presents
the most commonly used tags.

Even though different tags are designed for different purposes in HTML, the
author is free to use the tags for other purposes, like layout. There is no guarantee

that tags are used coherently among different domains or even within a domain.1

Particularly, in their survey of the history of hypertext, Ashman et. al call attention
to studies which have shown that the set of links varies a lot from author to author
[Ashman+99]. 

The diversity of the use of tags complicates the process of selecting which
elements are the best indicators of concepts and choosing the correct level of
abstraction. In order to extract the meaning from a document based on its elements,
we need to find out and analyse how the average author has used tags to mark up
documents, or in other words, identify what are the most important tags in terms of
conceptualization for a randomly picked document. As expected, this task is
complicated. Therefore, and due to the limited scope of this thesis, the following

1. XML (eXtended Markup Language) is designed with coherence in mind, but since the 
vast majority of the documents on the web today is HTML-documents, we have chosen 
to stick to HTML in this research.
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discussion is based on a small set of empirical data focusing on the ideal use of
tags, the different roles the elements play and potential traps when it comes to
extracting concepts based on the elements. 

Meta elements contain information about a document, hidden for the visitor but
usable for spiders helping search engines to index Web documents. The three most
important meta tags are the description meta tag, the keyword meta tag and the title
meta tag. The last one is most commonly used and should identify the content of
the document in a fairly wide context. Since the title is a property of the document
and not part of the text presented to the user, it can and often is used to label the
browser window. Its value is also default as descriptor for both browser history and

Table 5–2 The most commonly used HTML-tags

Tag 
name

Short description Notes End

<HTML> Language used is HTML The document is embraced by this tag No

<HEAD> Header information Not visible to the user, only to the browser Yes

<TITLE> A descriptive title of the document Often used to label the browser window Yes

<META> Main purpose is to guide search
engines during indexing 

The attributes are identified by search engines No

<BODY> Indicates the start of the visible
portion of a page

Everything contained within the document body is
visible to the user

No

<H1> Heading level 1 Largest font size of the six headings Yes

<H6> Heading level 6 Smallest font size of the six headings Yes

<UL> Unordered list of LI-elements Can be nested Yes

<OL> Ordered list of LI-elements Can be nested Yes

<LI> List element Each LI forces a new line No

<EM>, <I> Emphasise and Italic, respectively The <EM> tag usually appears as italic Yes

<B>, <U> Bold and Underline, respectively <U> should not be confused with links Yes

<FONT> Provides font formatting Additional attributes specify size/color Yes

<P> Denotes a paragraph Inserts an empty space before and after No

<TABLE> Has rows <TR> and columns <TD> A table cell can hold any element including another
table

Yes

<IMG> Inserts an image in the document. A
description is shown in case the
browser has turned images off

<IMG SRC=”name” ALT=”descriptive text goes
here”> 

No

<!-- --> Comment Not interpreted by the browser Yes

<SCRIPT> Embeds a script of a specified type Scripts can be stored in external files Yes

<A HREF>
</A>

Link, i.e. hyper reference <A HREF =”url”> links to the document with the url
specified
<A NAME=”location”> creates a target location
somewhere within a document that can be linked to 
<A HREF=”url#location”> links to a specific
location inside a document 

Yes

<BR> Line break Inserts a carriage return. No spacing No

<DIV> Element used for special purposes Often contains a class definition Yes
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bookmarked favourite sites. Short and descriptive titles should be used, but there is
no guarantee the same title is not used throughout the domain. In general, a
drawback in the adaptive setting yields that meta information in the worst case
could be equal for every document in a domain. Even worse, this often happens to
be true. When creating a bunch of documents an efficient technique is to make a
template document with only the structure or form, this acting as the basis for
constructing the domain documents in order to ensure the same layout and local
structure. Meta information is not visible to the user and the author might therefore
more easily forget to change it according to the content of each document. 

Headings serve the purpose of describing the content of the sections to follow.
Hence headings alone are powerful sources of identifying keywords connected to
the distinct elements and the document as a whole. Headings are ordered according
to levels ranging from <H1> to <H6>, and by default the font size of <H1> is
larger than <H2>, which is larger than <H3> etc., so a natural assumption to make
is that the structure of the document agrees with the intended tree-like ordering
provided by the HTML specification. 

Tags like <B>, <I>, <EM>, <U>, <CITE> and <STRONG> are designed to
emphasise text. They often occur inside other elements, and hence serve two
purposes: both to outline important keywords or even whole sentences, and to
make the text more structured and readable. Even though promising, note that there
is no guarantee that emphasizers are used properly or hold important words
representative for their parent elements. 

Among indicators of intended groupings are ordered and unordered lists,
designated with <OL> and <UL> respectively. Lists consist of several <LI>
elements. There is a possibility of nesting lists, that is a <LI> element may actually
be replaced by a new list. Another commonly used element for grouping
information into paragraphs, is the <P> tag, popular in most documents since it is
the easiest way to embody perceived open spaces between textual elements. Other
groupings of text are provided by block quotes and tables. The latter is both an
interesting and complex matter. <TABLE> can be used to group other HTML
elements, summarise information, or even for layout purposes. Many efforts have
tried to extract or categorise information into e.g. databases based on analysing
table content like in [Cohen00]. It is difficult for the system to find out what
purpose a table serves, and hence an analysis of the information exhibited is not
too promising. 

<A HREF> is the tag indicating a hyper reference, or link, to (somewhere in) a
document. Links provide a means to connect related documents, allowing the user
to quickly manoeuvre the hyperspace from one place to another. The power of a
link is that it can point to anything. Without links, the flexibility of the web
disappears. Many styleguides recommend that the text embraced by the link tag
should be descriptive of what it is linking to [Berners-Lee95], that is qualified with
a clue like “a step-by-step tutorial” rather than “click here”, to allow some people
to skip it. What does a link mean to different people? If used properly, even people
jumping in on a page from outside the present context would be able to decide
whether to explore the link or not. Among common problems are documents
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overcrowded with links, and broken links, i.e. links pointing to another destination
than intended or to a non-existing destination. 

Finally, images should not be forgotten. The phrase “an image says more than a
thousand words” is one reason why the web is filled with illustrations. Another
reason is that images provide interactive experiences for the user, either as static
images or as clickable image maps. The <IMG> tag has an optional ALT attribute
that should hold a short textual description of the image. Until recently, this
property was needed and widely used since many users instructed their browsers to
not show images due to low transfer rates, and authors therefore embedded
descriptions in order to allow the users to consider explicitly requesting for the
image. Despite increased transfer rates, the ALT-attribute is still widely used today
since most browsers show its description whenever the mouse passes over the
image. Moreover, images are useful to spice up the content, or for summarising
important and difficult subjects in a document. The most commonly used graphical
format is jpg- and gif-images. 

From the perspective of a the browser software, its task is to interpret the tags in
the HTML document in order to present a formatted page to the user. It is our
belief that the adaptive hypertext system can make use of the very same tags in
order to choose the elements that are important to conceptualise, as illustrated in
Figure 5–3. The task to follow concerns how to extract as much information as
possible in order to lay the grounds for ensuring quality to the selection of final
concepts. 

Figure 5–3: Some tags indicate which elements are important to conceptualise, while others 
assist in the process of conceptualization.
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5.1.6 Using IR-techniques within important 
elements

After identifying important features of the elements above, we need methods to
further analyse them in order to extract possible concepts. In the field of
Information Retrieval (IR), the main goal deals with automated classification and
retrieval of unstructured documents [Frakes+92]. IR-techniques such as lexical
analysis, stoplists and stemming provide a way to identify the words of each
document with high discrimination values, thus forming the basis of building an

index. When a query1 is being executed the most relevant document(s) matching
the query can be retrieved. 

An IR system seems useless as an adaptive hypertext system since it provides little
or no understanding of document quality [Berners-Lee96]. The basic IR-
techniques, however, may assist in the adaptive hypertext system, since what is
needed in the conceptualization phase is a proposal of important keywords. That is
the concept candidates are partly a result of a statistical IR-analysis, whereas the
selection of final concepts is made by a more intelligently reasoning upon the
candidates.

Lexical analysis is the process of transforming a stream of characters into a list of
lower case words or tokens, by removing any character that is not a letter nor a
digit. This implies that an HTML-document passing through lexical analysis
would loose its brackets around the tags, as the brackets are non-letter characters.
Clearly the adaptive system would fail if this important information were lost.
Performing the IR-analysis on the text embraced with interesting elements only
(not the entire HTML-document) solves this problem. 

Frequent occurring words2 from the spoken language have no indexing value.
The use of a stoplist may reduce the number of words since stopwords typically
account for 20-30 percent of the tokens in an average document. In the stoplist
process, every word from the text is checked against the stoplist and eliminated if
found there, thus the survivors are more likely to be of importance. 

Stemming is the automatic fusion of term variants, so that after stemming the
terms “concerned”, “concerning” and “concerns” all get conflated into the stem
“concern”. Although stemming may reduce the size of an index by as much as
50%, some information about the terms going through stemming is clearly lost.
The Porter-algorithm is a well-known and fairly small implementation of
stemming [Frakes+92].

For instance, we performed a test (using the basic IR-techniques) on an element
from a randomly picked HTML-document. The results showed that after being

1. If the user wants to find information on the Internet about a subject, he/she needs to 
formulate a (boolean) query consisting of key terms. 

2. Van Rijsbergen have developed a stoplist of 250 words that is widely used in IR-
analysis [Frakes+92]. Common words occurring in many documents may be for 
example “time”, “any”, “all”, “into”, “very”, “asking”, “where” etc.
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exposed to lexical analysis and stoplist only 133 out of 290 terms remained (i.e.
46% of the total number). Removing duplicates before stemming lead to a
resulting 96 terms (i.e. 33% of the total number), while removing duplicates after
stemming reduced the text to 87 terms (i.e. 30% of the total number). Even though
about 70% compression was obtained after IR-analysis, the test indicated that these
procedures alone were not enough to fully extract a few concepts describing the
element. The problem is that one paragraph alone is likely to produce far to many
potential competing concepts. A more exhaustive approach is needed. 

5.1.7 Domain specific list

A concept of an element could be represented by a vector of all the terms in the
element accounting for all the terms in the domain. The conceptual space would
then consist of many different vectors so that similar elements would have quite
similar vector representations. The alternative approach implemented in this
research uses human knowledge to ensure quality with respect to the
conceptualization. If the author of a domain wants to prepare a collection of
documents for the adaptive system, one might require that the first thing to do is
constructing a domain-specific list with keywords regarded as being indicators of

concepts or important paragraphs of text. Using such a domain specific list1 or
DSL actively when analysing each document, would help the system to identify
possible concepts and important elements and later help in building relations
among the concepts proposed. As an example, say that the term “star” is listed in

the domain specific list2 and also found in an element. Then the system could
select the word “star” as one strong concept candidate for that element or for the
document as a whole. Note that constructing a DSL needs only to be done once for
each domain. 

The performance of the adaptive hypertext system is related to both the quality and
complexity of the DSL, since the idea is for the system to actively be using the list
in the process of conceptualising the documents. Obviously the content and size of
the DSL would influence the selection of concepts. A thoroughly considered list
would therefore increase performance, and, from the view of the end user, make
the system act more intelligently. Furthermore, using not only one, but several
different lists should add flexibility to the system. Remember the DSL is not only
of value before extracting information, but also when monitoring the user and
adapting documents on the fly. The influence of several lists is best illustrated in an
educational setting where the level of knowledge may vary significant among
students due to a variation in individual skills and related knowledge obtained from
prior courses. If the students were allowed to modify their own DSL and the
system could use lists from related courses, the goal of a presentation tailored to

each user seems much closer 3. 

1. The domain specific list can be thought of as an “anti-stop list”, that is a list acting 
directly opposite to the IR stoplist method.

2. Allowing for more than one DSL yields a flexible facility to the adaptive hypertext 
system

3. This is necessary in the case of documents being analysed on the fly. In our approach, 
we intend to perform the analysis in advance of the user interaction. 
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Making models explicit to the system adds both flexibility and system performance
with respect to intelligence. The system KN-AHS does not integrate the user-
modelling component BGP-MS into the application. This leads to adaptivity in the
following senses: many types of information about the user can be represented
simultaneously, the user-modelling component can receive and answer questions,
and accumulation of knowledge takes place more naturally [Kobsa+94].
Embedding the domain specific list in the domain model should help during the
analysis of documents. Using the DSL therefore yields a simple technique that
strengthens the strategy of conceptualising a document based on the contents of its
elements.

5.1.8 Other ways to extract information

Term frequencies (TF) can be used in order to extract concepts [Kietz+00], based
on the assumption that terms that occur often, with the exception of stopwords, are
of importance. After counting the TF, the resulting information can be sorted so
that the most frequent occurring term (TFmax), or all terms with a higher TF than a
given threshold (TFtreshold) can be listed. 

So far we have found that a domain consists of different documents linked
together, each of which has different elements, and we know some simple
techniques that can be used to gain statistical information of the text. Keeping this
in mind, the work continues on the development of a strategy to guide the
conceptualization. 

5.2 A domain model in the horizon

It seems convenient to represent the domain knowledge in terms of concepts and
relations among the concepts. Before we explore how to build a domain model in
the next section, we formalise the notation of the information as provided by the
techniques introduced in the previous, and develop Heuristical rules in order to
select the most promising concepts and relations. The rules are the backbone of the
construction of the model which in turn is quite critical concerning the system’s
ability to perform adaptations. The following discussion is therefore essential to
our work. 

5.2.1 The sets of candidate concepts

From the discussion in section 5.1.5 “Importance of the elements”, page 37, we see
that those elements classified as “important” serve various purposes for both the
user and the author. Due to this variety, the system needs to take action according
to rules in order to extract concepts. These rules should account for as many
aspects as possible, both the global ones concerning the document as a whole, as
well as the local ones, like document subsections. Keeping the rules in a rule base
yields both power and flexibility to the process of analysing HTML-documents.
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New rules may be easily added to the base without affecting other modules of the
system. An appealing strategy is to parse each document looking for important
elements, extract the information within, and finally, in the search for concepts,
analyse it according to rules.

Each method m used on an element i, produces a set Sim consisting of n candidate
concept terms cj when run on an important element, i.e. Sim = {c1, c2, ..., cn}.
Therefore we refer to the techniques as information sources from now on. A brief
summary of the functionality of each information source is listed in Table 5–3. 

Each method produces different sets of terms that all can be more or less suitable
as a concept describing the element. In order to visualise, regard the following
rather simple element written in HTML: 

• <P>Our solar system is only one of millions of
other solar systems. It consists of nine
<B>planets</B>, of which the <A
HREF=”tellus.html”>earth</A> is the only one with
developed life </P> 

Assume a domain specific list (DSL) holding the three terms “Pluto”, “Mars” and
“Earth” and a term frequency threshold set to two terms. The list below illustrates
the different sets of terms originating from the different information sources.
Notice that the terms from the element are stemmed, as are those in the DSL.
Finally, since the element is surrounded by a paragraph-tag, we label the sets with a
leading “P”. The meaning of the first item in the list is that the set S of terms from
element P when exposed to Lexical Analysis, are “solar”, “system” etc.  

• SP LA = {solar, system, million, consist, nine, planet, tellu, earth, develop, life}
• SP DSL = {earth}
• SP TF = {solar, system}
• SP Emp = {planet}

Note that with this notation, it is easy to picture different sets and how their
members influence each other. 

Table 5–3: Functionalities of the information sources

Method / 
Abbreviation 

Information source Functionality

LA Lexical analysis Converts the stream of characters in an element to
a list of terms, where stopwords are removed

DSL Domain specific list Identifies terms from the element that match
terms in a domain specific list

TF Term frequency Counts number of occurrences for each term in an
element

Emp Emphasizer
identification

Lists terms in emphasised elements that occur
within an element
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5.2.2 Values separate the candidates

For an element, the task for the adaptive system is to choose the best concept from
the set of all information sources, that is the concept must be chosen from Ci = ∑m
∪ Sim Notice that the set notion is also true for the whole document, i.e CDOC is a
valid set just as CTABLE, CIMG and CP are valid sets. Apart from image and link
elements, all elements that go through lexical analysis (and stopword removal,
both denoted by LA) have a potentially large set Si LA. The more the number of
competing terms, the more difficult the process of ensuring quality to the final
selection. Inspired by Sharma, who outlines the power of a strong Heuristics model
for developing a user model in the absence of well known methods [Sharma01],
we apply a straightforward approach to the conceptualization process of the
document and/or each element by adding values to each candidate from Celement
based on Heuristical rules. The most important terms can be distinguished from the
less important ones simply by judging the final numeric values summed up from
all Heuristics, so after all Heuristics have done their job, a set of candidates ci
ordered by value is the result, where the value of c1 ≥ c2 ≥ c3 etc. To exemplify, say
the system produced the candidates “sun”, “rain”, “day” and “wind” for an
element, where the candidates had values of 14, 12, 9 and 3, respectively. Then the
matter of selecting the concept is simply finding the head of the ordered list, which
means that “sun” becomes the concept. The tail of the original list hosts all the
candidates that were not selected. 

Let us stress the definition of the word value. A value is associated with each
Heuristic. The terms take on these values as the Heuristics fire, so after the process
of analysing an element, all the element terms have various scores. In other words,
the score of a term is the total of all values added to the term. As an example, say
that the following values are associated with three of the Heuristics: 

• HeuristicA: positive value of 3 
• HeuristicB: positive value of 8
• HeuristicC: negative value of -4

Table 5–4 illustrates the difference between the values of the Heuristics and the
total score. Note that the values are fixed, and are used to add up the score of a
term. From now on, we refer to the present score of a term as its present value. 

Table 5–4: The values as assigned by the Heuristics and the total scores held by the terms

Terms HeuristicA HeuristicB HeuristicC
Total 
score

agent Yes No No 3

user No Yes Yes 4

model Yes Yes No 11
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The following discussion on Heuristics debates how to choose the correct level of
abstraction and explores how to guide the process of adding appropriate values to
the candidate concepts.   

5.2.3 Their fate is in the hands of Heuristics

Three groups of Heuristics were identified. The Heuristics for important elements
are listed in Table 5–5 followed by those that focus on aspects for the document as
a whole in Table 5–7. An interesting discussion concerning the roles of the
elements in total leads to the Heuristics described in Table 5–8. 

Consider a fictional piece of text explaining user models with a section debating
user model acquisition. Within this text the formatted string (written in HTML)
<B>Explicit</B> models gather information by prompting the
user  contains the emphasised word “explicit”. The author would prefer the term
“acquisition” as the proposed concept, however, so the system needs to account for
more than the “emphasizer” Heuristic. Furthermore, when creating the DSL, the
author might browse quickly through the pages looking for keywords from
headings and emphasizers as a help to create the domain specific list. Higher
values should therefore be added to concepts suggested by Si DSL than those in
other sets, as stated in the first group of Heuristics below. 

Interestingly, Si TF might be quite similar for many documents, if the frequently
occurring terms of one document also has a frequent appearance in others. In order
to reduce this problem, terms that occur often in many documents could be
punished by using a collection frequency and normalising the set [Kietz+00].
Additionally, through the use of stemming the figures are further incremented
since terms with the same stem count twice. 

Notice the complementary nature of the sets as illustrated in Table 5–6. When their
elements coincide, the respective values summed up thus far are incremented or
decremented according to Heuristics. The total value, or score of a concept c in the
set Celement is therefore the sum of the values calculated from one or more

Table 5–5: Some Heuristics used for important elements

HC-1 Terms stated explicitly by some domain expert are very
likely to be among the most useful concepts, a fact that suggests
assigning high values to members of Si DSL  

HC-2 The more a term occurs, the more important it is. The set Si

TF results from counting term frequencies in Si LA. Assigning each c
with values relative to these frequencies therefore seems promising. 

HC-3 Members from Si Emp can provide quality for the system in
the selection process. Even though the author decides selectively
which words to emphasise, emphasizers are not always used
properly, and therefore the value should not be too dominant.
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Heuristical rules, so e.g. if Si LA = {c1, c2, c3, c4, c5, c6, c7, c8}, the score of c5 is
the sum of values defined by Heuristics HC-1 and HC-3. 

The second group of Heuristics focus on aspects for the document as a whole.
Since the document can be considered as an element containing children elements
(subordinate elements), the information sources (DSL, TF, LA) are valuable and
the Heuristics from Table 5–5 can be applied. In addition, the ones listed in Table
5–7 are important contributors to the quality of the Conceptualization of a
document. 

Despite the potential quality provided through meta information and the title
element, these sources could in the worst case be equal for every document in a
domain, and often is, as noted in the discussion in section 5.1.5 “Importance of the
elements”, page 37, thus misleading the system to choose the same concept for
every document. The solution is straightforward and involves comparing meta
information in every document with that information found this far. If two
documents have the same meta information, then Heuristic HC-4 is cancelled for
these documents. 

Two very interesting features are implicitly contained in Heuristic HC-5. First, if a
candidate concept recurs in several different elements within a document, it is
likely to be an important keyword for the entire text. Due to the different roles of
the elements, their respective candidates should not count equally in the process of
adding up values. In particular, headings at the highest level (normally <H1>)
should have higher priority than lower level headings, tables and lists. The second
feature e.g. reveals the dual role of external hyper references, i.e. links to other

Table 5–6: The complementary role of the Heuristics 

Set name Set content Associated Heuristic

Si DSL {c2, c5} HC-1

Si TF {c1, c4, c6, c7, c8} HC-2

Si Emp {c3, c5, c6} HC-3

Table 5–7: Some Heuristics used for the entire document

HC-4 Meta information and the title element ensure quality to the
selection since their content most likely are considered thoroughly
from the author’s side. Relatively high values can therefore be
applied in such cases.

HC-5 A value that reflects the characteristics of the element in
which a term lives, should be added to the score. The type of
element where a candidate concept occurs matters in the selection
process, that is some elements are more important than others. 

HC-6 If a document d is pointed to from another document in the
domain, the description of the link element in d should be assigned
a very high value, based on the assumption that hyper references are
of value for the conceptualization of future documents. 
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documents. As noted in section 5.1.5, the text embraced by the link tag <A HREF>
is often (or at least should be) qualified with a clue indicating what it is pointing to,
rather than the often used printing block “click here”. Hence, one of the terms in
the clue is very likely to be a concept (or at least a very strong candidate concept)
of the document pointed to by the link. The same term is simultaneously

destructive as a candidate for the document at hand1. In other words, candidates
from hyper reference elements should not be accumulated to the set Cdoc when
searching for a document concept, but should be saved for future use, that is only
candidates from hyper references pointing to the present document should be
accumulated to Cdoc. Heuristic HC-6 therefore has the implicit assumption that all
links in the domain are known in advance of the conceptualization of documents,
are represented somewhere (e.g. a matrix or a file) and are used throughout the
analysis. 

As an example of how Heuristic HC-6 works, assume that the hyper reference <A
HREF=”file3.html”>user</A> appears in “file1.html”. Then the term user
is very likely to be the concept of the document “file3.html”, but it should not be
the concept of “file1.html”. A high value is added to the score of occurrences of
user in “file3.html”, and a low value to occurrences of user in “file1.html”. 

It is interesting to question which rules should fire, that is, are all sets of equal
relevance, or should some be omitted under certain conditions? Do the different
element types influence the final outcome? Obviously there is a possible conflict
between the conceptualization of a document and its elements. By treating the
document as one big element enclosed by the <HTML> and </HTML> tags, we
see that all sets Celement from a document is contained in Cdoc but the reverse does
not hold, as illustrated in Figure 5–4. The candidate concepts appear as black dots. 

Why is this observation so important? Remember the purpose of the concepts -
they should act as descriptors of the content of each particular knowledge source in
the domain, providing a basis for building the domain model. Furthermore the

1. Two documents should not have the same concept according to the requirements of the 
domain model, but as will be explained in Heuristic HC-7, different sections of a 
document might very well have the same concept due to their complementary roles.

Figure 5–4: Candidate concepts of a document belong to different sets
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division into document concepts and element concepts was based on the need to
acquire knowledge sources at different levels in the adaptation phase. In other
words, element concepts should differ from document concepts in order to prevent
overlapping information, thus ensuring a better domain model. This conflict is not
unique. What happens if the same conceptual description is found for elements of
distinct types? Heuristics that solve such problems are listed in Table 5–8 below.
Note that most of these Heuristics don’t hand out values as did the previous ones
(except Heuristic HC-8).  

Brusilovsky points out that an adaptive system can choose different types of media
with which to present information to the user, according to what is most relevant at
the given node (i.e. document) [Brusilovsky01]. Accounting for the fact that
different elements act as complementary sources of information for the user
provides a means for the system to add variety to the presentation based on context
and user preferences, so Heuristic HC-7 suggests that similar conceptual
descriptions should be accepted only when the element types differ. Note that this
applies for whole documents as well (remember the document-as-HTML-element
view), so two documents should not be assigned the same concept. When it comes
to the future adaptive generations, the system would be better off if it for elements
that equal in terms of both type and proposed conceptual description, tries with
another concept. Similarly, candidates that equal the document concept found
should not be considered when searching for concepts in the important elements,
since they provide no new information to the system. Heuristic HC-8 therefore
implies that the search for document concepts should precede that of element
concepts, a statement consistent with its fellow Heuristic HC-11. 

Heuristic HC-9 claims that the level of abstraction may vary. Moreover, headings
should not be regarded as stand-alone elements, as they indicate the start of a new
section in the document and are likely to reflect its content well. The scope of a

Table 5–8: Some Heuristics used for the ensemble of elements in a document

HC-7 In case the same concept is proposed for two distinct
element types, the system can perform more powerful adaptations
based on user preferences. Presentational form matters in the
adaptive phase, so information on the element types should be
preserved.

HC-8 Candidates that equal the document concept found should
not be considered when searching for concepts in important
elements. In order to prevent their influence, such candidates could
be assigned large negative values.

HC-9 The level of abstraction can vary for different documents.
Headings indicate the start of new sections and are likely to describe
the content that follows. 

HC-10 Lists, images and tables should always be considered as
single units since they provide variation in the document and often
act as complementary sources of information for the surrounding
text. 

HC-11 Since some elements might be superfluous, an analysis of
the document structure should precede that of the elements.
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header includes all elements from below it to the next heading at the same level.
The problem of choosing the correct granularity concerns which information
entities should be regarded as atomic. In the eyes of a natural language expert, the
task is to mine text from each sentence. For the adaptive hypertext system, the
attempt is to represent the knowledge of a domain in terms of a conceptual domain
model: as indicated so far, each document and the different elements are subject to

this conceptualization. Some documents are larger than others1, but if well
structured, e.g. assuming a proper use of headings cf. section 5.1.5, the system
could try to bring the process of conceptualization to a more fine-grained level. In
particular, an examination of which header tags are used should reveal how many
levels of the concept hierarchy a single document covers. 

Heuristic HC-10 outlines the importance for images, lists and tables to be
considered as single units. For instance, in order to conceptualise list elements
(<OL> or <UL>), it is important to understand how they are used in the document.
First, a list can be considered as one entity which implies finding one good
candidate concept is desirable. Secondly, an analysis of the content of each <LI>
element in a list is somewhat more complex, but provides a means to identify
relations between global list concepts and sub concepts within the list. Obviously,
if the document only has one element, namely one big list, important information
would get lost if the individual <LI> elements were never subject to further
analysis. On the other hand, the resulting document representation could get far too
complex if all list elements in addition to other elements were analysed. The
important and difficult task here is to choose the appropriate level according to the
overall document structure. Similar considerations apply for table elements.
Finally, due to their value for the user and interactivity, images would probably
denote important concepts either for the document or for elements depending of
where they occur. The problem of how to conceptualise an image, can be solved by
looking in the ALT attribute or using the filename of the image. 

A summary of the above discussion is exemplified in Figure 5–5. The conceptual
descriptions ki are document concepts (squares) and element concepts (circles)
representing the document and elements of the illustrated types - images, tables,
text and lists. Agreeing with Heuristic HC-7, we see that k2 represents both an
image and plain text. The same apply between documents: The system might very

1. An easy measure for size is file size (remember images are imported by reference in 
HTML), another more demanding measure is by counting words. 
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well propose the same conceptual description k4 for the image element of one
document as for the table element of another.  

5.2.4 Ensuring flexibility

In order to control the impact from the combination of the different Heuristics, the
respective values can be kept in a file and hence adjusted by the domain expert,
introducing a means to experiment empirically on the relative importance of the
rules. Making a value zero means preventing its rule from influencing the total
score of a term. An high negative value would mean that rule to block a candidate
from consideration, which would be desirable in cases like Heuristics HC-5 and
HC-8. Using ideas from the theory of neural networks (NN), in which values
(called weights in NN terminology) are adjusted over time by the system to change
performance and knowledge, the adaptive hypertext system could even find means
for adjusting the values itself e.g. by tracking the domain expert’s rejection of
concepts. 

Due to the possibly erroneous outcome of the entire conceptualization process and
the future manual adjustment, it is important that the system retains all the
information found about every element. If a domain expert is dissatisfied with the
suggestions, the system can simply propose new promising concepts selected, and
it could even explain why it chose particular concepts by logging and displaying
the rules fired and their associated values. If the expert keeps on rejecting the
suggestions of the system, it could also, for each specific type of element, track
which information sources the expert seems to prefer, and further identify patterns
in order to modify or develop new heuristical rules, or the system could learn new

Figure 5–5: Conceptual representation of two documents. Note that an element from the first 
and one from the second document have been assigned the same concept.
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rules stated explicitly by the expert. This modification is possible only if the rules
are kept external to the system and if some sort of rule inference engine exists. In
time and throughout interaction, such a system would possibly improve its

performance. Hence the adaptation could be taken further to other levels1, but such
issues are outside the scope of this research. 

In the above discussion we tried to choose a document concept and some element
concepts for each document. The selection tried to capture the best among several
candidates by adding values guided by Heuristics. Regardless of the outcome, the
result is a set of concepts describing the content or knowledge of the original
document and its parts. In other words, Kdoc = {k1, k2, ..., km} where the selected
concepts ki ∈ Cdoc ∪ Celement. The next task is to relate the concepts. 

5.2.5 Relationship types

In this section there are two aims. First, we want to find a set R of directed
relations r of various types between the concepts in order to extend the knowledge
of the domain model, so Rdomain =  ∑i ∪ ri where ri = (ko, kp, relationship_type).
This expression should be read “concept ko is ‘relationship_type’ to/by concept
kp”. Secondly, we want to discuss the possibilities for automatically extracting
these relations, ensuring quality to the process. 

Along with all selected concepts, there is a set of candidates L (ordered by value)
that were not selected, i.e. ∀ ki ∃ Lki = {ca, cb, cc...}, where the value of ca ≥ cb ≥
cc etc. Repeating one of the examples used in the previous section, say the system
produced the candidates “sun”, “rain”, “day” and “wind” for an element, where the
candidates had values of 14, 12, 9 and 3, respectively. Then the head of the ordered
list is the concept selected, in other words “sun” becomes the concept of the
knowledge entity. The tail of the original list hosts all the candidates that were not
selected. 

For stand-alone individual documents a representation of the knowledge in terms
of conceptual names may seem sufficient. However, for a collection of q
documents we reveal that in Kdomain = Kdoc_1 ∪ Kdoc_2 ∪ ... ∪ Kdoc_q, there
obviously are identical items and relations among the elements, reflected through
similar concepts and implicit conceptual relations. If we make a peek into the
adaptive phase of the interaction, the gap of knowledge in the user model can be
bridged by means of selecting appropriate concepts from the domain model and
present corresponding knowledge sources to the user. Without representing some
sort of connections or relations between the concepts (i.e. the nodes) in the domain
model, it is difficult to embody the process of selection in a thoroughly considered
plan for a sequence of adaptations. 

Many types of relations can be identified in order to extend the domain model and
the adaptive performance of the system. In their AHAM system, Wu et. al use the

1. As noted in chapter 4 “Adaptivity”, page 19, a system that takes initiative to, proposes, 
selects and executes the adaptation, is called self-adaptive [Malinowski+92]. 
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prerequisite, inhibitor and part-of relations [Wu+01], which illustrate conceptual
dependencies in terms of adaptation. Before exploring the characteristics of
conceptual hierarchies and prerequisites, we introduce the discussion searching for
concepts that act as deeper explanations for others. Again we rely on the use of
Heuristics, this time for the identification of the different relationship types.

The system should be able to provide the user with many knowledge sources in
order to broaden the understanding of a subject. For the user, the most conspicuous
relationship type is clickable hyper references (links) provided by <A HREF> in
HTML, as they relate either documents, elements, or a combination. What does
such explicitly stated relations tell the user? Why does the user click on links after
all? Is there a reason for the author to embed hyper references in a document? 

Heuristic HR-1 states that identifying links provides a means for the system to find
deeper explanations of a concept. First, links invite the user to move around in
hyperspace. Second, and of importance for deducing this Heuristic, they are
designed by the author and likely to point to information of relevance for the
present context. That is, the author invites the user to find more information by
following the links. Therefore, linked knowledge sources should be represented as
relations in the domain model through connecting the corresponding concepts with
the has_deeper_explanation relationship type, directed from the source to the
destination, so the set Rhas_deeper_explanation =  ∑i ∪ ri ,  ri = (ko, kp,
has_deeper_explanation). Most likely, such relations would occur between
element concepts and document concepts, provided that most links exist within
important sections and point to documents. In particular, a link referring to
somewhere specific in another document (c.f. <A HREF=”url#location”> in
Table 5–2), indicates a conceptual relation between the element concept hosting
the link and the element it refers to.  

Let us exemplify HR-1. The relation should be directed from the source of the link
to the destination. Assume that the link <A HREF=”agentsmore.html”>learn
more about agents</A> has a source element whose concept is found to be
the term agent, and that the document “agentsmore.html” is conceptualised as
reactiv. Then the relation to be set up is: 

• r =  (agent, reactiv, has_deeper_explanation). 

Instead of duplicating information that already exists elsewhere (outside the
domain), the author may choose to set up external links. Furthermore, as pointed
out by Heuristic HR-2, the external links are of less importance than the internal
ones discussed above, as their destinations are more likely to go beyond the scope

Table 5–9: Heuristics for finding deeper explanations

HR-1 Hyper references between two knowledge sources
somewhere within the domain are also relations of type
has_deeper_explanation between the corresponding concepts. 

HR-2 External links with destinations outside of the domain are
slightly different from internal ones, and the corresponding relations
between such knowledge sources should be labelled as external. 
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of the domain. Still, such links should broaden the user’s understanding, hence the
corresponding relations should be labelled external, so that Rexternal =  ∑i ∪ ri
where ri = (ko, kp, external). Notice that due to Heuristic HC-6 (page 47), the
adaptive hypertext system has a means to identify both relations and concepts in
one turn, thus strengthening the participatory role of hyper reference elements in
the process of building the domain model. From this we can advantage when
searching for a label for the external concept, namely by conceptualising the <A
HREF> element and let the winner candidate describe the external concept that the
link points to. 

So much for explicitly stated references. A document consists of subordinate
elements subject to conceptualization, and their contents are likely to be somehow
related since they appear in the same document. This kind of implicit hierarchy is
not constrained within the limits of single documents, but apply between
documents and possibly even between domains, as illustrated in Figure 5–6. 

Heuristics for the conceptual hierarchy guide the search for the sets of parent and
synonym relationship types, denoted Rparent and Rsynonym respectively. 

Figure 5–6: The two sections (X.1 and X.2) of the first document are related since they are 
both in the context of the more general document subject (X). The document hierarchy shows 

how section X.1 is superior to the entire second document, as illustrated by the directed 
arrows. 

Table 5–10: Heuristics for the conceptual hierarchy 

HR-3 All element concepts found within a document are children
of the document concept.

HR-4 There is a parent relation if a member from a set of
candidate concepts equals an already found concept. 

HR-5 If two concepts have some joint members from their set of
candidates, the concepts are synonymous. 
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In agreement with the assumption that the concept abstracted from the document
has a context superior to the concepts at the element level, Heuristic HR-3 suggests
relating the document concept and the corresponding element concepts through the
parent relationship type, instead of relating all the element concepts found in a
document with each other. In other words, such elements are implicitly related
through their cohabitation in the same original document, a structure which should
be kept intact in the final domain model. Note that due to concept similarity,
implicit parental relations between different documents or elements can be caught
simply by comparing the conceptual descriptions. For instance, a document
conceptualised to agents with four elements conceptualised to reactiv,
interfac, autonom and dictionary, respectively, leads to the relations 

• r =  (agent, reactiv, parent)
• r =  (agent, interfac, parent)
• r =  (agent, autonom, parent)
• r =  (agent, dictionary, parent)

Figure 5–7 illustrates the merging of the conceptual representations of the two
documents from Figure 5–6. Note that one element concept of the first document
equals the document concept of the second, namely k3. The parent relations
correctly capture the hierarchy “k6 is secondary to k1” through the relational
sequence r2 to r5. The system must somehow record that k3 now both represents a
document (“Doc2.html”) and an element (“X.2”). Since the document is an
element of type <HTML>, the same method apply for the situation illustrated in
Figure 5–5 (page 51). The implementation specific details are discussed in the next
chapter. 

Now let’s turn to the last two Heuristics from the set of hierarchy. As far as the
loser candidate concepts concern, their lives should not be ended despite their loss
in the fight for presidency in the selection process. Given new importance by
Heuristic HR-4, they can finally rejoice and contribute in the process of identifying

Figure 5–7: The relations are of type parent, correctly capturing the concept hierarchy
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parent relations. If there, for two concepts k1 and k2, exists a candidate c´ in the
loser set Lk1 with the same conceptual description as k2, then the context of k1 is
likely to be superior to that of k2. In other words, if a knowledge source has the
concept softwar and that one of its loser candidates user is the concept of
another knowledge source, then the softwar concept is parent to user. More
formally, if ∃ c´ ∈ Lk1, c´ = k2, then r = (k1, k2, parent). Additionally, if the
reverse also hold at the same time (i.e. ∃ c´ ∈ Lk2, c´ = k1) then the relationship is
not of parenthood, but rather of a more synonymous nature. Heuristic HR-5
therefore claims that two concepts are synonymous if their L sets have some
common denominators. More generally, note that whenever the L sets of two
concepts share candidates so that Lki ∩ Lkj ≠ {∅}, the synonym relation is present
between concepts ki and kj. Finally, due to the values associated with each
candidate, their joint sum provides a means to determine the strength of the
relation. E.g, a threshold might be used so that relations weaker than the threshold
can be turned down, hence controlling the size of the sets Rparent and Rsynonym.
Figure 5–8 illustrates the role of the candidate sets.   

An interesting question is whether other relationship types can be found or should
be embedded in the domain model. Obviously, some concepts are more difficult to
understand than others. Does the presentational sequence matter during user
interaction? Are some concepts redundant for some users, but highly necessary for
others? How can we improve and facilitate intelligent reasoning in the adaptation
process? The prerequisite relationship type adds knowledge to the conceptual
hierarchy as it rely on a deeper understanding of the semantics of the concepts. If
concept k1 is a prerequisite for concept k2 it means that k1 should be presented to
the user before k2, whereas if k1 inhibits k2 the latter is no longer desirable in a
presentation once the first is known. Note that it can be possible to infer the
inhibitor relation from a sequence of prerequisites, though not necessarily: if k1 is

Figure 5–8: Heuristic HR-4 is illustrated to the left and HR-5 to the right. 
Different values of the candidate concepts are reflected by

 the various sizes of the black dots. 
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a prerequisite for k2 which in turn is a prerequisite for k3, k3 most likely inhibits
k1. The next set of Heuristics therefore focuses on ways to find prerequisites only.

As seen before, only the most valuable terms of a knowledge source were subject
to abstraction. Remember that all candidates are terms but not all terms are
candidates. There are two steps used by Heuristic HR-6 in order to infer
prerequisites,  visualised by Figure 5–9 and explained in the following.  

Table 5–11: Heuristics for prerequisite relations 

HR-6 A term in a knowledge source KS1 which is neither selected
as concept nor in the upper list of candidates, yet a member of the
DSL and chosen as concept for another knowledge source KS2, is
prerequisite to the concept of the first knowledge source KS1.

HR-7 In the presence of a relation between two concepts, together
with an unique, explicitly stated path of documents connecting the
two corresponding knowledge sources, there is a set of prerequisite
relations between the concepts of each document (but the first one),
and the destination of the path. 

Figure 5–9: In the knowledge source “goms.html”, “GOMS” is selected as concept. One of the 
low-score terms “KLM” also occurs in the domain specific list. Since the “KLM” concept is 

already identified as a concept of another knowledge source (namely “klm.html”), the system 
concludes it to be important for the user’s understanding of the “GOMS” concept. This is 

indicated in the domain model through the prerequisite link. 
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For a randomly picked knowledge source KS, assume ki was selected as the
concept. The first step towards the prerequisites is to check if a term t from KS is
assigned a low score during the conceptualization process. Then the system
believes it to fall short as a key issue. Therefore, due to the Heuristics of the
previous section (page 46 and on) it is unlikely that such a t is explained
thoroughly in the text of KS. Second, if t, despite its low value, turns out to be a
DSL member, it is for certain that it represents important knowledge of the domain
as a whole. Since this knowledge is not debated in KS during user exploration, we
conclude that if a concept k´ from another knowledge source KS´ that equals t
already exists in the domain model, then it is a prerequisite to ki. In other words,
the system can identify prerequisite relations r = (k´, ki, prerequisite) by
comparing the DSL with the “less important” candidates from Lki.

The last Heuristic depends on the results from the previous ones, as it makes use of
one of the discovered implicit relations of any type between two concepts ki and
kj, i.e. r = (ki, kj, relationship_type). A sequence of linked knowledge sources
(stated explicitly by hyper references) make up a path, and therefore the
corresponding concepts constitute an explicitly stated path Pki, kj = [ki, ..., kj],
which is at least true at the document level. If both an r and some P exist for two
concepts ki and kj as exemplified in Figure 5–10 below (k1 to k9), Heuristic HR-7
gives birth to another part of the set of prerequisites Rprerequisite , namely ∑s ∪ rs
where rs = (kn, kj, prerequisite) and i < n < j. The existing relation that led to the
prerequisites, can be deleted since it duplicates the information. 

In short, say a parent relation exists between the two concepts debat and
agent, whose knowledge sources are “debating.html” and “agents.html”
respectively. Moreover, when there also is a sequence of links from the two
sources, e.g. from “debating.html” through “software.html” and “iui.html”, to

“agents.html”, then the following prerequisites should result 1: 

Figure 5–10: The explicitly stated path Pk1, k9 = [k1, k3, k6, k9] together with the 
implicitly discovered relation r1 = (k1, k9, relationship_type) leads Heuristic HR-7 to find two 

prerequisite relations, namely r2 = (k3, k9, prerequisite) and r3 = (k6, k9, prerequisite).

1. When the sources “software.html” and “iui.html” are conceptualised as softwar and iui, 
respectively. 
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• r =  (softwar, agent, prerequisite)
• r =  (iui, agent, prerequisite)

5.2.6 Completing the domain model 

By now the system has identified a set of concepts Kdomain = ∑i ∪ Kdoc i  where
and a set of relations Rdomain = {Rhas_deeper_explanation, Rexternal, Rparent, Rsynonym,
Rprerequisite}. Together, the sets constitute the building blocks of the domain model,
i.e. representing the knowledge of the domain, which is an important basis for the
adaptation engine to perform its tasks producing adaptive presentations for the
user. As previsioned in section 4.5.1 “Building a domain model”, page 30, the
system can not be expected to construct a perfect domain model. Furthermore, as
pointed out by Davis et. al, an imperfect model will lead to incorrect conclusions
[Davis+93] which even more necessitates the need for revision and manual
adjustment from a domain expert (i.e. the author). 

When generating hypertextual presentations in the adaptive phase, the appropriate
knowledge sources must be called forth. For efficiency reasons, the elements
extracted from the documents should be stored in a database or in many small files
(one file for each element). First, explicitly storing this information would ensure
quicker customization of documents. Second, when in the adaptive phase the
system must choose ingredients of the document to be generated. Since each
knowledge source is formatted in HTML, scripting languages like PHP, JSP or
ASP can be used to generate documents easily. 

The notion of “document concepts” helped in the process of relating the different
knowledge sources. Tempting as it may seem, merely storing the elements found in
individual small files in the final knowledge base yields a potential pitfall. First, it
would be difficult to reconstruct the original documents from the extracted, new
knowledge sources, despite the parent relation, since only the elements classified
as important were subject to conceptualization. In the worst case the original
documents might be poorly tagged, hence leaving the system to omit a lot of
important information in its domain model. Second, it would be difficult for the
system to allow a user to switch between adaptive and original mode. 

Retagging the source documents, i.e marking up each element with an unique ID
using the <A NAME> tag, would elegantly solve these problems. Even better,
retagged documents allow for other variants of adaptations including dynamic link
generation to specific areas of interest, adding or removing sections of the original
documents and so forth. Retagging the documents therefore yields an essential



60

supplementary source of information for the system, second to the file/database
representation. The storage issue is shown in Figure 5–11. 

5.3 Generating adaptive presentations

With knowledge of the domain model a step is taken towards tailoring documents
to each user. The next concerns user modelling. This section briefly suggests some
overall pragmatic issues in order to place the work from the previous sections in
context of an AHS. In particular, we show how some of the previous made
commitments ensure intelligence a the system’s behaviour. 

5.3.1 Structure of the user model

According to Heuristic HC-7, one concept represents many knowledge sources.
This implies that a more complex representation of which concepts are actually
learned should be embedded in the domain model. An appealing solution is to
associate the knowledge state with each concept, so that the degree of user
knowledge on a concept may vary. E.g. the user might have no knowledge at all,
incomplete, complete or deeper knowledge about a concept. 

Figure 5–11: To the left, an example of a retagged document holding information about the 
elements. For efficiency reasons, the elements are also stored in individual smaller files (to the 

right). The representation in total yields flexibility for the adaptation in many senses
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A user model (UM) is a knowledge representation (KR) that must represent the
knowledge state of each user. In general, a KR play five main roles [Davis+93],
each leading to important properties. First, since the KR is a surrogate for some
real entities, it is a source of error. Second, we need to make some decision on
“what to see” in order to hide some of the potential complexity, and these
ontological commitments constrain the view of the task at hand. Third, the KR is
only part of intelligent reasoning. Different definitions of intelligence contribute
both to the selection of what representation to use and to the form and content of
the inferences that can be legally made. Finally, the last two roles deal with
efficiency and expression issues, which is of less importance for the following
discussion. 

At first glance, it seems natural to copy the building blocks from the domain model
(DM) into UM. However, several questions concerning the interaction are at hand.
What should be presented to the user at the first time of interaction? How can
adaptations be made based on empty user models? Do all users have equal
preferences? When is the content learned? In order to answer these questions, we
outline a structure for the user model, keeping the nature of a generic KR in mind.

The first two questions have straightforward solutions. First, the user could browse
the original documents leaving for the system to record the concepts encountered
(note that this is possible due to the retagging introduced in the previous section).
After some initial interaction steps, UM would hold some few concepts (i.e.
nodes), and adaptive behaviour can take place. The second option is for the system
to present the information associated with a start-node, explicitly specified by the
author, or randomly picked. Third, if the user has used the AHS earlier in other,
related domains, as might well happen in educational contexts, there is a chance for
similar concepts from the user model UM´ of the already learned domain and the
concepts to be learned from the present domain DM, thus allowing the system to
initialise the present user model UM. Figure 5–12 illustrates a situation with a

Figure 5–12: The user has already learned a domain UM’, which has some common concepts 
with the DM at hand. Note that since the concepts “b” and “f” are not directly related in DM, 

they remain so in the user model.  
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previously learned user model UM´ = {b, f, h, i, j, o, s} , where the letters represent
concepts, and the domain model to be learned is DM = {a, b, c, d, e, f, g}. The
system can easily initialise a new user model UM through the operation UM´ ∩
DM, i.e. UM = {b, f}.   

The third question points out an additional benefit of embedding user models in
adaptive systems. Not only the knowledge level will vary among users.
Presentational and learning style preferences are also likely to differ, especially for
hypertextual environments. Therefore, user models for an AHS should include
preferred learning style or media types, background, skills of the user etc.
Additionally, drawing assumptions on the level of the user skills, can be useful.
More skilled users should be presented advanced features and immediately
understand the underlying concepts, whereas novices would need a mix of many
different presentations of the same concept. A stereotype approach as discussed in
section 4.3 “Models add power to adaptive systems”, page 24, can be used for this
part. 

There are many factors to be considered when analysing user behaviour, e.g. how a
node (concept) is accessed, which information is contained in the node and the
time spent [Brusilovsky96]. Griffin suggests that a time interval is more
appropriate, since people also can get distracted from their task [Griffin97]. 

To summarize, the user model should at least contain information on concepts, user
characteristics (expert, intermediate, novice), user preferences (illustrations, text,
summaries), state of the concepts (complete, ready-to-learn, incomplete) and the
relations.

5.3.2 Adaptation Model

The system should tailor documents for the user in order to fill the gap of
knowledge. In its simplest form the selection task constitutes the relative
compliment KDM - KUM, that is picking those concepts from the domain model
that has not yet been offered to the user. However, such a solution is not sufficient
for an intelligent behaviour. In which order should the concepts be presented?
When is a concept actually learned? How to best bridge the gap of knowledge for
users with varying skills? Obviously, the system lacks an important component. 

According to Wu et. al, the adaptation model states how the system can perform its
adaptation based on a set of adaptation rules. In order to separate the
implementation dependent aspects from the explicit models AM, DM and UM,
some sort of adaptation engine (AE) responsible for performing the adaptation
[Wu+01] and updating the user model [Kules00] is necessary. For our AHS, an AE
provides the composition of documents on the fly by selecting knowledge sources
as pointed to from the concepts in DM, through reasoning on UM, based on rules
from AM. Henceforth, the process of tailoring documents is referred to as how to
select appropriate concepts.

Due to the presence of the conceptual states in UM and the relationship types in
DM, the AE can add intelligence to the process of selecting concepts. Concepts in
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UM have values indicating at which level they are understood. The relationship
types of DM indicate how the concepts are related. Keep in mind that the goal of
serving the user with information would be twofold: both to plan for a sequence of
concepts and to complete their respective knowledge states. In the following both
parts are intertwined, since the adaptive documents should result based on both
considerations. 

In order to fill in more knowledge about a concept and complete its state,
corresponding sections not yet learned could be offered to the user. Following
has_deeper_explanation and parent relations should extend the user’s
understanding of a concept, e.g. when presenting a concept that is a deeper
explanation of another, the status of the latter should be updated from “incomplete”
to “deeper”. For concepts that don’t have any attached deeper explanations, the
deeper level can be obtained when all knowledge sources associated with the
concept is learned. Furthermore, traversing nearby concepts, not only increases the
respective conceptual states. In general, for the task of bridging the gap between
concepts far apart in UM, relations from DM would usefully guide the AE to
construct paths that in sum would network the gaps. The rules from AM would
specify what to do when encountering different relationship types, hence
contributing to the resulting curriculum. In particular, rules in the AE might use the
prerequisite relations to verify whether the prerequisite concepts are satisfied every
time a concept is asked for, and if not, simply present the prerequisites first.
Finally, for expert users external relations would be useful as they most likely
extend the context of the domain (c.f. HR-2, page 53). Likewise, external resources
should not be presented to novices until all concepts are known. 

5.3.3 Various forms of adaptations

Hitherto, the task of our AHS was to dynamically generate documents based on
knowledge extracted from the domain. However, the structure of DM and the
preservation of the original (retagged) documents presented in this thesis should
provide for many sorts of adaptations. It is interesting to briefly explore some of
the possible variants. We close this chapter by proposing three options acting as
either stand alone solutions or extensions to our AHS. 

One option that makes its actions quite transparent, is for the AHS to follow the
predefined curriculum and content of the original documents, greying out
undesired fragments, insert new sections, and dynamically adding constructed
links (which is referred to as link construction in the literature). Greying out an
undesired fragment would be based on whether the concept representing that
section is learned or not. Sometimes, prerequisite relations would trigger the
system to add more information on a page, e.g. based on incomplete knowledge of

prerequisites1. Link generation can easily be accomplished due to the form of the
marked-up sections from the retagging phase (c.f. Figure 5–11), allowing dynamic
links to refer to specific areas of the original documents as well as the documents
as a whole. 

1. The system might simply embed prerequisite concepts whenever their knowledge states 
are incomplete. 
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As a second option, based on the element types, we propose that short summaries
can be customised for users asking for a synopsis of the domain or some subject. In
particular, a synopsis for one concept can be made by generating lists out of
knowledge sources that originally were e.g. heading-elements. Likewise, if a
resumé of the domain is to be made, the system can use the same strategies for
concepts it infers to be more important than others, that is for “key concepts”. As
an example, an Heuristic which claims the number of relations to and from a
concept indicate its importance, would be provide a simple way to identify key
concepts. More sophisticated methods are obviously possible, like a more thorough
analysis of DM, searching for the most centralised concepts. Remember from the
discussion in the first section of this chapter where we debated what form the
concepts should take on. Since we stuck to descriptive terms stolen directly from
the knowledge sources instead of building a vector representation, even shorter
summaries can also be provided by listing a range of concepts and present them as
a keywords-list. This additional benefit would require no extra work but a few
rules to select and display the most suitable concepts. 

Lastly, if the user has insufficient or incorrect knowledge about a concept, e.g.
revealed through predefined, provisional tests, the system should decrease its state
in UM to the appropriate level, so that previously presented concepts can be
redisplayed. This process possibly includes a reorganisation of the first curriculum
or a more extensive use of illustrations. Furthermore, assume that the system can
visualise DM, i.e. drawing the domain model network on the screen. When
combined with the user model, the knowledge gap could be shown to the user, who
would thus be able to place what was already learned into a larger context
understanding what is around the next corner. Note that the ability for the user to
puzzle the context of the part of DM which is not already walked-through, is again
due to the conceptual descriptions. 
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6 IMPLEMENTATION AND 
EVALUATION

Up to the present, we have outlined the overall architecture and possibilities of an
AHS, focusing on the development of Heuristics for adding quality to the process
of building the domain model. In this chapter we first present an implementation of
the strategy, demonstrating the resulting concepts and relations based on a small
document collection. Next, we discuss and evaluate our work, concluding with
some promising fields of future research. 

6.1 Realising the domain model

Our strategy for conceptualization presumes that the domain documents are being
parsed for important elements in order to build the domain model. Every term in
these elements is a candidate concept. Guided by the Heuristics for concepts
introduced in section 5.2.3, a conceptualizer module associates values with each
candidate, leaving some with a higher score than others, and finally selects the
most promising term as the concept. The same process apply at both the document
and element level. The results from the parsing is passed on to another module for
further analysis, which includes a merge of concepts and identification of
relationship types. 

Our HTML parser is written in C though any language would do for the task. The
analysis is performed by PROLOG. Due to its properties as a language, PROLOG is
very suitable for performing effective and powerful reasoning using only a few
lines of programming code. The decision to use the combination of C and
PROLOG is based on a wish for integrating the AHS routines into an existing agent
based framework written in C. The agents at hand are PROLOG machines that can
call C routines [Thomassen99]. Furthermore, C and PHP come well along, and
suggestively, functions from OpenGL can easily be called from a C agent. All
implementation specific details are attached in Appendix E - Implementation of
conceptualizer. 

6.1.1 A walk through the conceptualization 
processes

Before parsing, all hyper references in the domain are identified and stored in a
file, and the values of the Heuristics for finding concepts are initialised. All the
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documents in the domain are listed in a file of document names, one name for each
line. The process of analysing the domain is therefore controlled by walking
through the file line by line while opening the next document and analysing it.
Since stemming is used throughout the analysis, the DSL is also stemmed to be on
the safe side. Thereafter, the first document is parsed followed by all its elements
classified as important, then the second document and its important elements, and
so forth. Unless otherwise stated, from now on we refer to both documents and
important elements as knowledge sources. 

According to one of the principles of HCI, it is much easier to agree or disagree
with some proposal than coming up with something new from scratch. For
instance, a DSL could be constructed semi-automatically by proposing the highest
weighted terms from each document, then allowing the author to edit and correct
the list. The construction should be rather simple since it can basically be
implemented as a text file of words regarded as being important. 

The Heuristics for finding candidates rely on several methods for operating on the
knowledge sources in order to incrementally adjust the values of each candidate.
All sets of temporal or longer term results are written to text files with one term for
each line, allowing for easy manipulation of appropriate sets in the combination of
an ADT (abstract data type) List. Regularly used functions include list operations
for comparison, searching for specific terms, sorting, counting occurrences of the
elements, reading a file to its internal list representation, and removing duplicate
members. The step of lexical analysis and removing stopwords has an expensive
cost and could account for as much as 50% of the computational expense of
compilation [Frakes+92]. An extremely efficient implementation is to remove
stopwords as part of the lexical analysis, that is, functions for lexical analysis and

stopword removal are intertwined through the use of a DFA1. All terms surviving
this process are given values by counting term frequencies, according to Heuristic
HC-2, and membership in the DSL is checked for (HC-1), adding the associated
value to members. Similarly, emphasizers in the knowledge sources are identified
(HC-3), while meta information is of great importance for documents only (HC-4). 

The links play a dual role. To fresh up from the discussion in the previous chapter,
terms in hyper reference elements from somewhere in the domain pointing to the
document being analysed, are likely to be among its strongest candidate concepts.
Since such hyper reference terms are strong candidates for the corresponding
destination documents, they are not suitable as candidates for the document
hosting the link element. In concordance with Heuristics HC-5 and HC-6, the file
of all identified links in the domain guides the punishment and reward of
candidates. As mentioned earlier, documents are parsed before its elements, as
required by Heuristics HC-8 and HC-11, and occurrences of the selected document
concept in the elements of a document are punished by adding negative values. 

As the parsing makes progress several things happen at different levels. Of
importance, duplicate combinations of the tuple <tagName, conceptName> are not

1. A Deterministic Finite Automaton (DFA) object represents words in a network of 
interconnected characters, so that a whole word is found by following paths of linked 
characters.
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allowed for elements nor for documents, so the system rejects such proposals and
tries to select among the consecutive candidate concepts until successful. The
sections of the documents are being retagged and the knowledge sources identified
are stored in individual, uniquely named files, all together constituting a new
knowledge base. As far as reporting concerns, all candidate concepts are written to
individual log files, one log file for each document. Additionally, the concepts
selected are added to another file in a form understandable by PROLOG in order to
facilitate further analysis. As illustrated in Figure 6–1: the file
“parsing_results.pro” has information on each knowledge source, like conceptual

representation, the element type1, an ID for later retrieval from the already
established knowledge base, and a list of candidates with scores close to that of the
concept selected. The latter attribute (also referred to as “the upper list of
candidates”) facilitates evaluation and adjustment of the proposed domain model
as the system might suggest other candidates if the author is displeased with the
proposed DM, and, as seen in the previous chapter, they will also play an important
role when it comes to the identification of certain relationship types. 

Each element originates from a document. The observant reader might wonder
why document names are listed as well. Even though this information is held by
the third attribute, or ID, it facilitates the implementation of one of the Heuristics.

1. Just as element types are labeled with the corresponding tag names, documents are 
labeled as “html”. 

Figure 6–1: Information about the knowledge sources are written to a file in a format 
understandable by PROLOG. For the document concepts, the ID’s appear as filenames only. 

For each element within a document, its ID is composed as follows: 
“filename” + “#elm” + “number”, where the number is increased as new elements are being 
analysed. Note that the concepts are stemmed. Also worth noticing is the uniqueness of the 

combination concept + tag, which agrees to the previous discussion. 
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The reason is that PROLOG is weak on string manipulation, even for a simple task
like extracting the file name from the ID. 

6.1.2 Seaming up the domain model 

From the file in Figure 6–1 we see that some conceptual descriptions coincide.
Note that the temporary division of document concepts and element concepts (c.f.
section 5.1.4) were useful for splitting up the domain knowledge into appropriate
knowledge sources, and for discussing how to capture the conceptual hierarchy.
For the final DM, however, this division is superfluous since the conceptual
hierarchy will be reflected through the relations. Furthermore, the file
“parser_results.pro” must be kept intact for the future adaptation phase, since it
holds information on which knowledge sources each concept represents.
Therefore, listing all the conceptual descriptions as PROLOG facts in a new file
while removing duplicates, elegantly solves the first part of completing the DM.
We want a PROLOG representation of the domain knowledge in terms of
abstracted concepts and how they are related. The left part of Figure 6–2 shows the
domain model as such a file. To the right, the DM it is visualised as a conceptual
structure.

From the two illustrations shown by now, we see that one goal to be accomplished
is to abstract the concepts only, from all the information held by the fact
kw_source, where new facts should be written on the form

Figure 6–2: The domain model represented in a PROLOG file.
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concept(ConceptName). This task can be implemented straightforward as
illustrated by the rather simple PROLOG code below: 

Heuristics HR-1 and HR-2 sought to find deeper explanation relationship types,
doing so through the use of already identified hyper references. Remember that the
initial step of conceptualization was to file all hyper references of the domain,
which was then necessary to help the parser to point out concepts. Now this file
becomes a useful source for the relational Heuristics HR-1 and HR-2. Figure 6–3
illustrates a small sample of links generated from the analysis of a domain.    

As mentioned, the domain was parsed based on a listing of all document filenames.
The domain is useful when identifying relations, so this file is transformed to a
PROLOG fact using a list. That is, for a domain with e.g. the four files “file1.html”,
“file2.html”,  “file3.html” and “file4.html”, the corresponding PROLOG fact takes
on the form:

Table 6–1: PROLOG code for collecting all concepts and writing these as new facts.

%------------------------------------------------------------------------
% This code collects each concept from the kw_source fact, 
% and writes the result as a new fact.

make_concept :- 
     kw_source(ConceptName, _ , _ , _ , _ ) ,
     assert( concept(ConceptName) ) ,
     fail. 
     % fail forces backtracking so that every combination is tried

make_concept. 
     %when everything is tried and the above rule fails, this one succeeds

Figure 6–3: The file based on linkage between the original documents. Note that one link in 
Doc1.html points to a specific section of Doc4.html, which in turn has a link directed to 

somewhere outside the domain (namely to a document debating (“foley”). The destination in 
Doc4.html that is named “pattie” leads to the identification of a name-clause.
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domain([“file1.html”,“file2.html”,“file3.html” ,“file4.html”]).

a task which can be accomplished e.g. by the C-routines. Furthermore, by
combining facts about hyper references with the facts on the knowledge sources,
PROLOG routines can find out which sections are related and link the
corresponding concepts. The built-in predicates assert and retract makes it
possible to update the program with new clauses or delete clauses during program
execution, another advantage with the PROLOG language. In other words, as the
program precedes, it can modify itself. This convenience is used thoroughly in the
implementation of the Heuristics, and was also used when making concepts out of
the kw_source fact (c.f. Table 6–1). The code for the first two Heuristics are
illustrated below. 

Table 6–2: Heuristics HR-1 and HR-2 expressed in PROLOG.

%------------------------------------------------------------------------
% HR-1: Hyper references between two knowledge sources somewhere within
% the domain are also relations of type has_deeper_explanation between the
% corresponding concepts.  

hr1 :- 
     href(From, To, _ ) , 
     kw_source(ConceptA, _ , From, _ , _ ) ,
     kw_source(ConceptB, _ , To, _ , _ ) ,
     assert( relation(has_deeper_explanation, ConceptA, ConceptB) ) ,
     fail.    % forces backtracking 

hr1. % ensure success

%------------------------------------------------------------------------
% member is recursively defined and finds out whether an X is in a list.

member(X, [X | Tail]).  
member(X, [Head | Tail]) :-
     member(X, Tail).
     
%------------------------------------------------------------------------
% The domain is constrained to a list of valid filenames, here exemplified
% with four files only. The rule outsideDomain checks for membership in 
% the domain list.

domain( [“file1.html”, “file2.html”, “file3.html”, “file4.html”] ).

outsideDomain(F) :-
     domain(D) , 
     not member(F, D).

%------------------------------------------------------------------------
% HR-2: External links with destinations outside of the domain
% are slightly different from internal ones, and the corresponding 
% relations between such knowledge sources should be labelled as external. 

hr2 :- 
     href(From, To, _ ) , 
     outsideDomain(To) ,
     kw_source(ConceptA, _ , From, _ , _ ) ,
     kw_source(ConceptB, _ , To, _ , _ ) ,
     assert( relation(external, ConceptA, ConceptB) ),
     fail.    % forces backtracking 

hr2. % ensure success
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As an example, the task for HR-1 is to find concepts that are linked based on
document linkage and we therefore start with establishing the source (the variable
From) and the destination (the variable To) of each link by searching the href
facts listed in Figure 6–3. Then we need the document concept from the source of
the link and the document concept from the link destination, so we pick only these
from the kw_source facts listed in Figure 6–1, elegantly ignoring the element
types and the list of candidates using the PROLOG understandable underscore
character as argument. Note that due to the form of the arguments of href and the
form of the ID argument from kw_source, we don’t have to account for element
types, i.e. only document concepts will be selected. The set of Heuristic for the
conceptual hierarchy can also be easily implemented in PROLOG. Before finishing
the rule for HR-3, we note that when the filenames equal for two concepts, they
denote the same document, and the element type “html” denotes the document
concept. 

Table 6–3: Implementing the Heuristics for finding parent and synonym relationship types.

%------------------------------------------------------------------------
% HR-3: All element concepts found within a document are children 
% of the document concept.

hr3 :- 
     kw_source(DocumentConcept, html, _ , _ , File) ,
     kw_source(ElementConcept, _ , _ , _ , File) ,
     not DocumentConcept = ElementConcept ,
     assert( relation(parent, DocumentConcept, ElementConcept) ) ,
     fail.    % forces backtracking 

hr3. % ensure success
     
%------------------------------------------------------------------------
% HR-4: There is a parent relation if a member from a set of 
% candidate concepts equals an already found concept.

hr4 :- 
     kw_source(ConceptA, _ , _ , CandidateList, _ ) ,
     kw_source(ConceptB, _ , _ , _ , _ ) ,
     not ConceptA = ConceptB ,   %  the two concepts should not be equal
     member(ConceptB, CandidateList) ,
     not relation(parent, ConceptA, ConceptB) , %only consider once
     assert( relation(parent, ConceptA, ConceptB) ) ,
     fail.    % forces backtracking 

hr4. % ensure success

%------------------------------------------------------------------------
% HR-5: If two concepts have some joint members from their 
% set of candidates, the concepts are synonymous.

commonMember(List1, List2) :-
     member(Term, List1) , 
     member(Term, List2).

hr5 :- 
     kw_source(ConceptA, _ , _ , CandidateListA, _ ) ,
     kw_source(ConceptB, _ , _ , CandidateListB, _ ) ,
     commonMember(CandidateListA, CandidateListB) ,
     not ConceptA = ConceptB ,
     not relation(synonym, ConceptA, ConceptB) , %only consider once
     assert( relation(synonym, ConceptA, ConceptB) ) ,
     fail.    % forces backtracking 

hr5. % ensure success
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The last two Heuristics will aim at finding prerequisite relations. Similar to
converting the file with the domain document listing, we also assume that the C-
routines produces a PROLOG understandable version of the DSL. In order to make
Heuristic HR-6 work, we need information on the terms that is not in the upper list
of candidate concepts, in other words those terms that are not present in the last
argument of clauses named kw_source. Remember from the previous discussion
that such a list exists for each element, namely in the log file for each document.
Assuming that the C-routines also convert this list to PROLOG facts on the form
lowerList(ID, ListOfLowerScoreTerms), we are set to implement this
Heuristic. 

The PROLOG code of Heuristic HR-6 seems more complex than those of the
previous rules. Will it generate the prerequisite relation correctly? Refresh on the
situation of Figure 5–9 (which illustrated Heuristic HR-6) where a regular term
klm, which also occurred in the DSL, was only briefly mentioned in a document.
Since klm already had been identified as a concept somewhere else, and goms was
voted as concept of the document in which klm lived as a regular term only, we
claimed klm to be prerequisite to goms. In order to explain the implementation, we

Table 6–4: “Prologging” the first prerequisite relationship type.

%------------------------------------------------------------------------
% Lower score terms are listed as PROLOG facts, here illustrated with 
% three examples. Note that the lists in lowerList and kw_source
% together constitute all the terms surviving lexical analysis.

lowerList("file4.html", [speech, futur, direct, manipu, design, system]).
lowerList("file4.html#elm1", [design, system, speech, memori, direct]).
lowerList("file4.html#elm2", [softwar, disagr, mainli, due, ben]).

inLowerList(Term, Location) :-
     lowerList(Location, Z) , 
     member(Term, Z).

%------------------------------------------------------------------------
% The domain specific list contains terms that are regarded important, 
% here exemplified with seven terms only. 

domainSpecificList( [hci, adapt, iui, user, model, domain, intellig] ).

inDsl(Term) :-
     domainSpecificList(DSL) , 
     member(Term, DSL).

%------------------------------------------------------------------------
% HR-6: A term in a knowledge source KS_1 which is neither selected as 
% concept nor in the upper list of candidates, yet a member of the DSL 
% and chosen as concept for another knowledge source KS_2, 
% is prerequisite to the concept of the first knowledge source KS_1.

hr6 :- 
     inLowerList(Term, Location) , 
     inDsl(Term) ,
     kw_source(Concept , _ , Location, _ , _ ) , 
     concept(Term) ,
         %does the concept of the source equals the term?
     assert( relation(prerequisite, Term, Concept) ) ,
         %if so, then make a relation between the two.
     fail.    % forces backtracking 

hr6. % ensure success
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illustrate by including only the facts necessary. Note that the content of Table 6–5
corresponds to the klm/goms situation, where the two clauses concept(goms).
and concept(klm). were obtained by calling the previously stated rule
make_concept.   

To start, we ask hr6. in order to identify the prerequisite relations which
conditions to the Heuristic. The first two goals tries to satisfy membership in the
lowerList and the domainSpecificList, using the rules from Table 6–4. For
successful bindings to the variable Term (in our case the second member of the
lower list, that is klm), the Location variable is further used in order to identify
the concept of the knowledge source. Next, we must ask whether the term found is
also a concept, simply by posing the question concept(Term). Since there is
such a clause for the present term, namely concept(klm). the question
succeeds, and a prerequisite relation can be inserted as part of the knowledge
database. Finally, in order to validate, we ask PROLOG the question
relation(prerequisite, A, B). to check whether any relations were
found. The result is that the variables A and B are bound to klm and goms
respectively, in other words PROLOG found the newly inserted fact
relation(prerequisite, klm, goms).   

The last Heuristic HR-7 assumes there is a path between two related concepts.
Thus, its solution involves the traversal of several paths. We therefore start by
defining the code for how to find a path, and doing so requires the use of edges, (a
path is made of edges between the nodes). Note that we already have the edges
established from the href facts. If a path exists along with an already discovered
relation, the procedure addToSet starts to extend the database with new
prerequisite relations. Finally, the original relation is removed. The code for all this

Table 6–5: A small portion of the knowledge on two documents as seen from PROLOG.

kw_source(goms, ul, "file5.html", [operator, mhp, analysis], "file5.html").
kw_source(klm, p, "file7.html", [keystroke, button, time], "file7.html").

lowerList("file5.html", [mouse, klm, movement]).

domainSpecificList( [hci, foley, norman, goms, klm, mhp, gestalt] ).

concept(goms).
concept(klm).
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is summarised below and will not be further explained. Again, notice the compact
form due to the properties of the PROLOG language.  

By now, we have seen that all concepts and relations can be found using PROLOG.
Together, they provide the basis for completing the domain model. Once this
information is merged into one file (e.g. “dm.pro” used in Figure 6–2), this file
essentially constitute the domain model, that is, one single file can represent the
domain knowledge. The Heuristics work independently of each other, and hence
there is also a chance that some concepts are linked with more than one relation. In
particular, some Heuristics produce bi-directional relations. For instance, Heuristic
HR-1 produces the relations 

relation(has_deeper_explanation, software, debat).
relation(has_deeper_explanation, debat, software).

Table 6–6: Paths are the basis for finding more prerequisites.

%------------------------------------------------------------------------
% There is a path between two nodes if there is an edge from the first
% node to an intermediate node, which again has a path to the destination
% node. This code also adds the nodes to the head of a list.

path(From, To, [To] ) :- 
     href(From, To, _ ).

path(From, To, [Intermediate|Tail] ) :- 
     href(From, Intermediate, _ ), %adds to head of list
     path(Intermediate, To, Tail).  

%------------------------------------------------------------------------
% This rule asserts prerequisite relations from the intermediate
% members of a path to the last node

addToSet([Head|Tail], ToConcept) :-
     kw_source(FromConcept, _ , Head, _ , _ ) , 
     not FromConcept = ToConcept ,  %write relation if the concepts differ
     assert( relation(prerequisite, FromConcept, ToConcept) ) , 
     addToSet(Tail, ToConcept) ,  %move down the path

addToSet([], _). %trivial case

%------------------------------------------------------------------------
% HR-7: In the presence of a relation between two concepts, together with
% an unique, explicitly stated path of documents connecting the two 
% corresponding knowledge sources, there is a set of prerequisite
% relations between the concepts of each document (but the first one), 
% and the destination of the path.
% Note that the procedure removes the original relationship type if 
% some prerequisites are found

hr7 :- 
     relation(Type, ConA, ConB) , %if any relation exists
     kw_source(ConA , _ , From, _ , _ ) , %we go get the
     kw_source(ConB , _ , To, _ ,  _ ) ,   %destinations
     path(From, To, Visited) , %is there an explicitly stated path?
     addToSet(Visited, ConB) , %add all relations along this path
     retract( relation(Type, ConA, ConB) ) , %remove original relation
     fail.    % forces backtracking 

hr7. % ensure success
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In order to fix this problem, one of the superfluous clauses can be retracted from
the PROLOG database. The rule removeBidirectional in Table 6–7 shows
how. 

A well known principle of design is that human beings find it easier to overrule
errors from a proposal than coming up with one themselves from scratch. As noted,
someone skilled in the domain should revise the DM in order to secure that only
appropriate concepts and relations remain. We suggest a graphical visualization in
the form of a conceptual network, though other presentational forms are possible.
Note that the number of concepts might get out of hand. Therefore the system
should provide means for “switching off” some concepts and hence leaving only
part of DM visible. Such a demand can be fulfilled simply through hiding the
subordinate concepts of the parent relations, that is zooming in or out until the
desired level of detail is achieved (when using a graphical interface). In a similar
fashion, if the author prefers a pruned network, the system should offer to
permanently delete all concepts and relations not visible. Moreover, for the human
reviser, the file “parsing_results.pro” proves to be useful in many ways. As an
example, its list attribute, whose members are ranked by value, will facilitate tasks
like renaming since new concepts can be proposed as substitutes for those
incorrectly suggested (by the system) in the first place. 

6.2 Possibilities for the AHS

In the following we briefly sketch an example of how a simple user model and
adaptation model might look, thus substantiating the choice of a PROLOG based
implementation. We focus on the representation of the conceptual knowledge and
generic user information and preferences. 

6.2.1 Picturing a simple user model

As outlined in the previous chapter, UM must hold information on the user’s level
of conceptual knowledge. A simple scheme is to save information on which
concepts the user already has knowledge and at what level. The user model should
be incrementally built so that it at any time can provide the adaptive hypertext
system with information on what the user knows. Since one concept can represent
many different knowledge sources, it is important that the user model also records
which knowledge sources have been presented for each concept. Continuing with

Table 6–7: Some clauses to clean up bi-directional relations

removeBidirectional :- 
     relation(Type, ConceptA, ConceptB) ,
     relation(Type, ConceptB, ConceptA) , 
     retract( relation(Type, ConceptB, ConceptA) ) ,  
          %removes the latter bidirectional relation
     fail.    % forces backtracking 

removeBidirectional. % ensure success
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PROLOG notation, we use a fact knowledge which has attributes on the concept,
along with a list of knowledge sources that have been shown for each concept, and
finally a state indicating which knowledge level the user has on each concept. For
instance, the state of the concept “debat” is set to deeper since the user has
accessed the external resource conceptualised as “foley” (c.f Figure 6–2). Since we
regard UM as an overlay model of DM, it seems natural to also include the
corresponding relations as new concepts are learned, that is, relations to neighbour
concepts. Why embed relations in the user model? There are at least one reason.
When a concept is learned and its neighbours are not, the knowledge gap should be
bridged, and if the relations are kept in the domain model only, the implementation
of the adaptation rules becomes cumbersome. Figure 6–4 shows how the file

“um.pro” represents a simple user model1. Note that due to the uniqueness of the
tuple <tagName, conceptName>, the information in the tag list can be either in
terms of the ID or as the tag name (we prefer using the ID, in case the author,
despite warnings from the system, overrules the recommendations and assigns the
same concept for two equal elements). 

A user model should present information according to the needs and preferences of
each user with regard to presentational form and learning abilities. Thus, by
including some generic information on the learning styles and skills of each user in
UM, the system is not constrained to a selection among the concepts not yet
learned. Along with unknown concepts, also the preferences of each user can
influence the adaptive commitments, so that presentational form and degree of
difficulty can be further varied. 

Figure 6–4: A simple user model representing user knowledge at various levels. Note that only 
relations to neighbour concepts of the concepts already learned, are included in UM.

1. Possible extensions include e.g. the time spent on each node and interaction history.
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From the clauses 

learning_style( [graphical, philosophical] ).
capability_level(intermediate).

we see that the user “Lady Ada Hyper” prefers the system to generate
visualizations if possible, a task that can easily be accomplished simply by asking
for images and tables of the concept being debated. Remember that this
information can be found from the attribute element-type in the kw_source
facts. Likewise, the system has somehow inferred the capability of the user to be
intermediate. It would therefore e.g. present easier concepts before the more
difficult ones, but still challenge the user on more difficult subjects, thus aiming at
improving the user knowledge without exaggerating. 

6.2.2 Adaptation rules 

We believe that the implementation of DM and UM in terms of facts has made a
powerful foundation for the adaptive phase, and opened for various and flexible
adaptive presentations, which can be fairly quickly generated by means of
PROLOG rules. According to the introductory part on adaptive systems in section
4.5 “Planning an adaptive hypertext system”, page 29, the actions or tasks of an
adaptive hypertext system are controlled by the adaptive engine operating on an
adaptation model. In accordance with our work so far, a task would lead the
adaptive engine to execute a query, and the rules in the adaptation model would
ensure that the correct action can be executed. Three independent tasks to illustrate
example rules are proposed in Table 6–8. The tasks will be explained in the
following. Note that the clauses of the last rule are explained in detail after
discussing the first two rules.  

Table 6–8: Examples of how easily powerful adaptation rules can be written in PROLOG.

Description of 
task

Example of AE 
call

Rule that fires in AM

1. Provide 
graphical 
information about 
a concept to the 
user.

?- show(agent,img). show(Concept, ElmType) :- 
  kw_source(Concept, ElmType,
            FileID, _ , _ ) , 
  display(FileID).

2. Based on a 
concept in DM, 
visualise a sub-
network of 
relations and 
neighbour 
concepts not yet 
visited.

?- visualise(user). visualise(Concept) :- 
  concept(Concept) , 
  relation(Type, Concept, Neighbour) ,
  draw(Concept, Neighbour, Type) ,
  fail. %get all neighbours
visualise(Concept). %ensure success

3. Propose new 
concepts to be 
presented to the 
user based on the 
gap close to a 
given concept in 
the user model

?- next(softwar). next(Concept) :- 
  getNeighboursDM(Concept, DMList) ,   
  userKnows(Concept, UMList) , 
  findGap(DMList, UMList, GapList).
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The first task listed concerns to embed graphical information on a concept in the
adaptive document being presented to the user. It assumes the parser found exactly
that concept for an image element during parsing the documents. If so, the image to
be presented is contained as HTML code within the knowledge base in a small file
whose reference is kept in the third attribute of kw_source, so the solution is
simple: Query the Adaptive Engine to display the correct fileID if the associated
concept and the correct type proves to be true for a knowledge source. Note that we
assume that the rule display(FileID) exists without focusing on its
implementation. Somehow, it should return the fileID to the system for
generation of the adaptive document to be presented. One way to do this is for
display to write include-sentences to a file “includes.php”, which e.g. a PHP script
traverses and uses further for generation of the final documents. Note this is very
simple for PHP since it can tailor many different documents by simply including
their filenames. 

The second task provides a visualization of the nearby network of a concept upon
request. Note that whereas the information is provided by simple PROLOG clauses,
the actual routines for drawing might be more complex and typically performed by
a routine written in another programming language, typically OpenGL. As noted,
one reason for choosing PROLOG and C is that the two can communicate within
an already existing agent based framework, and OpenGL routines can be called
from C. 

Before considering the third task, we recall that the goal of adaptation is to satisfy
the user with respect to knowledge, and in order to do so, a plan for which concepts
to present next and how to present them, is needed. There are various strategies for
filling up the user model, each leading to different adaptation rules. One strategy is
to search the domain model in a breadth first manner and introduce all concepts
briefly before focusing on increasing the user understanding of each concept.
Cycling through the domain model in order to cover up incomplete user knowledge
would gradually perfect the user model. More likely than benefiting from many
walk-throughs, the user could experience all the jumping and revisiting to be
annoyingly inefficient and loose track of the knowledge to be learned. The
opposite strategy follows a depth first like search through the domain, aiming at
fully describing each concept in one operation. A problem with finishing off each
concept before regarding new ones is that the user could miss sight of the greater
picture. 

Another strategy for guiding the selection process is based on the relations
identified so far. Using relations when searching for new pieces of knowledge
includes several subordinate tasks to be accomplished. Remember that the gap of
knowledge in the user model consists of unrelated areas in the user model with
corresponding related areas in the domain model. The task then comes to bridge
the gap of knowledge using the relations of DM. Note from the below illustration
that the concept softwar in DM is related to the concepts intellig, agent,
definit and debat, whereas the user has learned the concepts software and
agent only, as indicated with empty circles. In other words, there is a gap close to
the concept software which should be bridged, and the concepts intellig
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and definit constitute the building blocks to the piece of engineering work at
hand. 

The strategy is to let lists represent both UM and DM, and show all members from
UM not also in DM. The first step is to identify a list of neighbours from DM close
to a concept, doing so by calling the rule getNeighbours(Concept,
DMList). and now DMList holds all nodes close to the concept. Similarily, a
list of user model neighbours to the concept must be found. The next step of the
strategy is to use the rule findGap(DMList, UMList, GapList). to subtract
the concepts of the user model from the members of the domain model. This
operation is basically a process of deleting every member of UMList from
DMList, resulting in another list GapList holding the concepts to be displayed
to the user. Using our example,  DMList initially looks like this:

[agent, intellig, definit, debat] 

and the UMList contains

[agent, debat]

so GapList would after the findgap rule is run, yield

[intellig, definit]

Note that the system should also validate whether other concepts are required to be
known before displaying the members of GapList, placing possible prerequisites
along with the gap concepts found in a final list, which should then be traversed

Figure 6–5: The gap in the user model. 
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and displayed to the user. Table 6–9 sums up the rules needed for bridging gaps,
but does not embed the rules needed to validate prerequisites.  

6.3 Evaluation

The goal of the conceptualizer module was to abstract the contents of documents
and the sections as good as possible. Rules were then used to complete DM with
relations between the appropriate concepts. Fine, but are the results reliable? How
can we justify the actions taken? What if the structure of a collection of documents
deviate from the assumptions of some Heuristics? This section discusses the
influence of the commitments made. 

6.3.1 Optimizing and justifying the performance 

In section 5.2.4 we suggested that it is possible to experiment with the total
outcome of the conceptualization process by varying the values associated with
each Heuristic. The candidate concepts are terms, where the one with the highest

Table 6–9: Examples of adaptation rules written in PROLOG.

%------------------------------------------------------------------------
% The rule next(Concept) finds a gap and builds a bridge, that is a list  
% of concepts that can be visited next. Note that this routine does not 
% validate the prerequisites of the concepts in the gap. 

deletepossible(Item, _ , [] ).
deletepossible(Item, [Item|Tail] , Tail).
deletepossible(Item, [Y|Tail] , [Y|Tail2] ) :- 
     deletepossible(Item, Tail, Tail2).

insert(X, List, BiggerList) :-    %insert is the inverse of delete
     delete(X, BiggerList, List).

findGap( [] , R, R).  %trivial case
findGap( DMList, [Head|Tail], GapList):-
     deletepossible(Head, DMList, IntermediateList) ,  
             %deletes common members
     findGap(Tail, IntermediateList, GapList).

all(Concept, ListIn, ListOut) :-   %go get all neighbours
     relation( _ , Concept, Next) ,
     not member(Concept, ListIn) , 
     all(Concept, [Next|ListIn], ListOut).
all(C, List, List). %trivial case

getNeighbour(Concept, DMList) :-  %get neigbours to a concept in DM
     all(Concept, [], DMList).

userKnows(Concept, UMList) :-    %get concepts known to the user. 
     all2(Concept, [], UMList).  %almost equal to all, except that 
                                 %relation in all is the DM relation, 
                                 %and relation i all2 is UM relation.

next(Concept) :- 
     getNeighboursDM(Concept, DMList) ,   %list all neighbours from DM
     userKnows(Concept, UMList) ,  % build list of neighb. known to user
     findGap(DMList, UMList, GapList) ,  %subtract UM from DM
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value after all Heuristics are performed, is selected as concept. For every term ti an
Heuristic can either apply or not, indicated in Table 6–10 with “Yes” and “No”,
respectively. The columns indicates which of the Heuristics do fire for each term.
Based on some few possible combinations, this section tries to draw some
conclusions and apply suitable values for an optimal combination of the values
donated from each Heuristic. Note that HC-5 is implemented in two portions in
order to account for its dual nature while Heuristics HC-7, HC-9, HC-10 and HC-
11 are left out since they mainly deal with issues like the level of abstraction,
sequence of analysis etc.   

For instance, the term t1 does not appear in the DSL, nor in any important element,
so the only Heuristic that strikes, is Heuristic HC-2, as shown in its column. We
make several notes from the above combinations:

1. All candidates have a term frequency (HC-2), but the number will vary from one
and up. In the worst case, no Heuristics but the second one proves correct, as for
t1. 

2. A term might well occur both in the DSL and in outgoing links, as illustrated with
t2.

3. There are terms like t3 that occur both in outgoing and incoming links (HC-5b
and HC-6) at the same time. With incoming links, we think of links from
elsewhere pointing to a specific section hosting the term. 

4. For an element, all Heuristics but the last one suggests assigning positive values
to the candidate t4.

Instead of testing empirically which combination of values yield the better results,
we try to analyse the points observed above. From the first we conclude that the
values must agree with the term frequencies so that they can affect the total
outcome. The second point reveals a problem. Outgoing links are subject for
punishment (negative value) whereas DSL members obviously should yield a high,
positive value. Which Heuristic should veto? Since the DSL apply for all
documents, we infer that HC-5b should overrule HC-1. The third case concerns
instances where a candidate is regarded likely to be the concept of another
document and the present one at the same time, due to membership in hyper

Table 6–10: The outcome of a term is determined by the total score, which is due to the effect 
from each Heuristic. Some of the possible combinations are listed in the columns. 

Heuristic t1 t2 t3 t4

HC-1 (Domain specific list) No Yes No Yes

HC-2 (Term frequency) Yes Yes Yes Yes

HC-3 (Emphasizers) No No No Yes

HC-4 (Meta and title) No No No No

HC-5a (Occurrences in different elements) No No No No

HC-5b (Punish outgoing links) No Yes Yes No

HC-6 (Incoming links pointing here?) No No Yes Yes

HC-8 (Punish document concept) No No No Yes
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references. In order to resolve this conflict, we note that since links are only
assumed, not for certain, to be descriptive of their targets, the sum of the two
should neutralize each other. Finally, even though the first Heuristics seem to
assign plenty of positive values for an element, the same candidate is already
chosen as the document concept. It should therefore not be selected again as
concept for any element in the document. It is necessary for HC-8 to have a
negative value able to beat the sum of the positively minded Heuristics HC-1, HC-
3 and HC-6, also accounting for relatively high term frequencies. 

Almost like solving a mathematical equation, appropriate values can be set. Note a
little trial and error will do in order to find values that satisfy all of the above
demands. As one solution, Figure 6–6 reveals how the results (the kw_source
facts) of an optimal set of Heuristics (the header section) differ from the setup used
for the other examples of this chapter, thus outlining the importance of committing
to appropriate values. Note that this is favourable rather than a limitation for the
system since it allows for a variation of proposed models made by the system.
Additionally the author can decide which Heuristics to apply or omit, the latter
being fruitful in case a collection of documents uses some tags for other purposes
than outlined in this thesis. 

By leaving Heuristic HC-1 with a value of zero, i.e. neglecting the DSL, the final
DM would again turn out different. Note, however, that in the absence of a DSL,
both the conceptualization and the identification of the prerequisite relationship
type would suffer. In a similar fashion, we may expect the granularity of the DSL
regarding content to affect the grand total. Therefore both the DSL and the values

Figure 6–6: The values should be optimal in accordance with
 the observations listed in Table 6–10. Note that these values result in different 

knowledge sources than the values used in Figure 6–1. Hence, other 
concepts and relations are produced for the final domain model.
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of the Heuristics can be regarded as tools for which we can experiment on the final
outcome. 

6.3.2 An ocean of relations

The code for the relations can very easily be tested using any PROLOG
environment. For the four sample documents listed in appendix C (which is also
the basis for most of the screen-shots from this chapter), the results are clear: quite
a lot of relations were found, especially due to the parent- and synonym
contributions:

• 4 instances of the has_deeper_explanation relationship type were found. 
• 1 instance of the external relationship type was found.
• 21 parent relations were found, some duplicates and bi-directional occurrences

were removed.
• 23 synonym relations were found. 
• 0 prerequisite relations were found. 

Note that even though zero prerequisites were found for the four documents, we
believe that the rules of Heuristics HR-6 and HR-7 are promising. During testing,
the rules correctly caught the prerequisite relationship as outlined in Figure 5–9
and Figure 5–10. Anyway, the figures are scary. Altogether 69 relations were
found. In comparison, only 11 unique concepts were found, which means that on
the average each concept has more than 6 relations. Of course these numbers may
differ on larger collections. Another important factor is the construction of the
sample documents. More profound testing and possible revision of the rules is
needed, but beyond the scope of this thesis. Questionable, therefore, how else can
we secure that the system performs tolerably well given the proposed framework?
Remember that the author has been quite silent all the way through, except when
creating the DSL and pushing some buttons in order to start the processes of
building the domain model. Let us therefore close up with putting a load on the
author. 

6.3.3 Document concepts vs. element concepts

An early commitment as part of the process towards a domain model, was to
separate document concepts from element concepts. The decision was based on the
observation that documents have a context superior to its sections and other
subordinate documents. Indeed, the separation gave birth to the three different sets
of Heuristics for conceptualization, and later on proved convenient for the
identification of the parent relationship type. 

As a side-effect, the separation also produced knowledge sources of different
granularity. First, the original documents were preserved and conceptualised with
the second attribute set to html, as exemplified in the kw_source fact

kw_source(softwar, html, “file3.html”, 
                  [interfac, intellig, user, direct, manipul], “file3.html”).
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but also the elements of each document were written to individual smaller files,
like in

kw_source(dictionari, p, “file2.html#elm5”, [act, behalf] , “file2.html”).

From the latter example we see that both the ID and the element type p indicates
that this knowledge source originally was part of another document. 

Is it useful to preserve both knowledge sources in the new knowledge base? One
goal of adaptation is to tailor new documents that differ from the original ones, if
more suitable for the user. The issue on document concepts versus element
concepts are important as they are an essential part of the foundation for the work.
We believed the system would benefit from this separation, but another view is that
the resulting domain model actually will be limited due to the choice. The
separation could in the worst case preserve the original hierarchy and structure so
much that the resulting domain model will not capture anything but the original
link structure. On the other hand, as indicated in Figure 6–7 there are two chooses
for how to view the present knowledge base: 

Preserving original document structure along with an identification of elements,
are useful as it provides flexibility and the choice to suddenly “turn off” the
adaptive guidance provided from the system. The other view is that of the left side
from the figure, indicating that only the knowledge sources stemming from
element concepts should be regarded when generating adaptive documents. Note
that in this case the document concepts are still necessary for the identification of
the parent relations. We conclude that more empirical research is needed in order to
evaluate the positive and negative consequences of the separation of document
concepts and element concepts, along with the possibilities for adaptation.  

Figure 6–7: The original domain consists of documents. After the conceptualization, a 
knowledge base consisting of documents and elements (to the left) are the result. Another 
view is to regard the knowledge sources stemming from the elements only (to the right). 
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6.3.4 Clean up the mess before the guests pay you 
a visit

According to Zibell, Klare’s notion of “useful information” is still useful for web
designers today, almost 40 years later [Zibell00]. For traditional systems,
knowledge of the user’s knowledge level would help the author to suggest the
correct depth of concepts and organization of content. The resulting domain will be
static. For an adaptive hypertext system, the dynamic organization depends upon
how well the DM can be constructed. Starting with the DSL construction, the
following processes of analysis, element division and generation of relations are up
to the system, with a resulting domain model as the gift to the author. As seen, the
number of relations will probably get out of hand, but this does not mean that those
found are not useful for the author. Obviously, the task of removing incorrect or
unwanted relations and/or concepts, are a task a lot more pleasant for the author,
than creating an entire domain model from scratch. Additionally, recall that all the
important elements are sorted out of their original files and saved in a knowledge
base, with the references kept intact in the kw_source facts. In other words, the
present prototype of the system will indeed be expected to help the author in
preparing a static domain for dynamic, adaptive presentations.   

Due to the possible imperfect outcome of the proposed DM and its implicit
assumption of well organised, consistently marked up documents, we would also
have to require a proper use of tags in order for the AHS to perform at its best. At
least the author should prepare existing documents for the system initially before

the automation starts1. For future adaptation we propose that new documents
should be composed with some guidelines in mind: 

• Hyperlinks should be labeled so as to predict the content of the target. 
• The domain should be well structured and decomposed into smaller documents. 
• Knowledge sources on the same subject should be varied in different elements

like lists, images, tables, text etc. in order to enrichen the knowledge base. 
• Emphasizers should be used with caution. 
• If applied, the title element and meta information should predict the content of

each individual document well, and be varied among the domain documents. 

The prototype does not handle poorly tagged documents, nested lists, and simply
skips advanced features like scripts and css. 

1. The Tidy program is available from www.w3.org and helps to fix incorrect use of mark 
up tags.
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7 CONCLUSION

In this thesis we have explored means for assisting an author on the way towards a
domain model for an adaptive hypertext system. After identifying the main goal of
this thesis and exploring related research from the field of adaptivity, we proposed
an overall architecture for an AHS and then zeroed in on techniques for achieving a
domain model. More specifically, we found that the tags play an important role
regarding content of the documents, leading to Heuristics which secure the
extraction of concepts and the identification of relations among the concepts
selected. After implementing the conceptualizer module of the system, we briefly
sketched how easily relatively powerful adaptive presentations and variations of
adaptivity can be realised, facilitated by the use of the PROLOG language. 

When hiking on the future trip towards adaptive systems, we believe the first hill to
climb is that of convincing authors that making an adaptive system is actually
manageable. From the author’s point of view, the effort should not be put into
redesigning existing documents, but rather in planning what sort of adaptive
behaviour to use. 

The main goal of this research was to design an adaptive hypertext system that
could bridge user gap of knowledge in the context of a domain, developing
methods that facilitated the use of existing HTML-documents. In order to achieve
the desired flexibility, a domain model was needed. An analysis of some randomly
picked documents led to the observation that the tags actually would help to sort
out important keywords, leading to the hypothesis that the relative importance of
the elements combined with some basic IR-techniques would yield positive results
for the system. The rules that guided this process was based on Heuristics, which
in turn were drawn up from the characteristics and patterns of a relatively small set
of hypertext documents, along with our previous experience with HTML. 

After implementing a prototype, an evaluation of the system in total revealed that
some rules produced far too many relations. Moreover, one might assume that the
methodology outlined in this thesis would not work equally well with all
collections of documents. Still we believe that the idea of combining the results of
rules and IR-techniques with more intelligent reasoning is fruitful, and that authors
will benefit from our methods. 

Finally, as a digression, how can an AHS based on our design be published online?
The task should, theoretically, not be as complex as it might seem. Small scripts
(e.g. written in PHP ) can arrange for the layout in order to prepare the system for
the Web. The plan is straightforward: 
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• The adaptive engine reasons on which knowledge sources are most appropriate to
present and instructs the script with a list of the respective IDs (i.e. filenames) to
be presented. 

• The script in turn stitches together documents simply by including files from the
knowledge base into a standard template HTML file. 

The decision to use the combination of C and PROLOG was based on a wish for
integrating the AHS routines into an existing agent based framework. Due to the
ease for C to communicate with both PHP and OpenGL both generation of
adaptive hypertext documents for the Internet today and interesting 2D or 3D
visualizations of the domain model should be achievable using agents. 

As mentioned several times throughout the thesis, more research and intensive
testing is obviously needed in order to improve both the rules and some of the
framework, and validate the system. In addition to an online implementation of the
work of this thesis, the following are subject to future research: 

• The development of an inference engine able to develop new rules to guide the
conceptualization

• The embedding of other techniques for extracting information in order to
increment the reliability of the system

• Applying better Heuristics for conceptualization that would fit a larger audience
• Test whether the development of various adaptive behaviours is indeed as simple

and promising as predicted in this thesis.
• Justify the selection of the split between document concepts and element

concepts, possibly trying other solutions. 
• Embed techniques for visualization of the domain model and the user conceptual

models, e.g. allowing users to navigate their own mental models in a three
dimensional landscape.  
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