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Abstract

The research described in this thesis presents an investigation and evaluation into the
field of adaptive hypermedia techniques. The aim of this research was to develop,
implement and test a new adaptive hypermedia technique i.e. shading fragments of text.
The course of research started off by carrying out a study to develop a simple student
model framework containing both static and dynamic variables that could be used for
educational adaptive applications. The first empirical study carried out compared three
hypermedia applications based on dating techniques in archaeology, one using adaptive
navige}tion support, one using shading to grey out complex fragments of text. These two
adaptive applications were compared against an existing (non-adaptive) Archaeology
application that had been used in the Department of Archaeology for the previous three
years. An evaluation study was carried out to compare the usability aspects of these
applications using pre and post-session questionnaires and a log of interaction was also
recorded. This study found that shading fragments of text was an accepted method of
adaptive hypermedia. It also showed that some of the static variables previously
identified as part of the student model such as educational background were very
important.

The second empirical study also compared the usability of three applications based
on the same content i.e. dating techniques in archaeology. One supported the shading
method of adaptive hypermedia and adaptive navigational support in the form of
dynamic link annotation by changing the colour of links depending on their state i.e.
ready-to-be-learned, or not-ready-to-be-learned. All visited links were underlined. The
second application only supported dynamic link annotation without shading and the
third was again the existing (non-adapted) hypermedia application was used as a control
application. Again, the results reflected user attitudes towards the shading from the first
study i.e. that it was a useful adaptive hypermedia technique especially when combined
with link annotation. In general users also performed better when using this application,
for e){ample they re-visited less documents and visited more glossary terms. This study
also revealed that time could be used as a variable in a dynamic student model to

predict and assess user performance.
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Chapter 1 Introduction

1.1 Introduction

Since it’s inception, possibly as early as 1945 (Bush, 1945), researchers in the field of
hypertext have strived to drive forward the theory and ideas behind hypertext. Over the
years this has resulted in the use of a combination of media, navigation techniques,
varying document structures and increasingly user-friendly interfaces. It was Ted
Nelson (1980) who coined the terms hypertext and hypermedia around the 1960s.
Hypertext refers to the associations between non-linear text. Hypermedia refers to the
associations between mixed media types i.e. graphics, video etc. The following quote
summarises hypermedia (Lowe et al., 1998).

An application that uses associative relationships among information
contained within multiple media data for the purpose of facilitating
access to, and manipulation of, the information encapsulated by the data.

The terms hypertext and hypermedia are often used interchangeably. Today,
despite the mass acceptance of the world of the World Wide Web, problems with
accepting such technology still exist which prevent the uptake of hypermedia in areas
such as education, which can be one of the most useful applications of hypermedia
technology. The possible advantages of hypermedia in education are obvious, for
example one to one tuition. However, putting what we know into practice has proved to
be more of a challenge due to many factors. Some still feel that educational hypermedia
applications can only be useful as a reference tool and cannot replace a human teacher
as they lack knowledge of the student, the ability to communicate with and guide the
student, 1.e. all attributes which human teachers bring into the classroom.

Traditional educational systems such as computer based learning (CBL) and
computer assisted learning (CAL) either direct the course of learning by controlling the
dialogue between the machine and the user, or are exploratory systems that encourage
the_user to explore concepts using a constrained tool set. However, hypertext tends not
to lie ‘within either of these categories as they do not support the freedom to browse the
available links in any order which is the philosophy behind hypertext (Hall, 2000).

Adaptive hypermedia (AH) is a spin off from research into hypermedia. AH can be

viewed as the next stage in the evolution of hypermedia within the educational
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paradigm. Essentially, AH represents the integration of artificial intelligence techniques
with hypermedia. Researchers in the AH community believe that they are on the edge
of a breakthrough in educational teaching/ learning technology, since the technology
exists and now the theory can be applied with the implementation of adaptive
educational hypermedia applications. In effect, they argue that the use of AH can
increase the functionality of hypermedia. Hypermedia applications have already broken
through traditional educational barriers and AH applications can take educational
computing one step further by making the virtual learning environment (the
application) more comfortable, accessible and personal to individual users. This is
achieved by tailoring the environment to specific user needs and requirements as
opposed to conventional CAL material, which in general presents the same documents,
links, and text to all types of users.

Technology within the educational environment must be utilised and presented in a
user-friendly manner allowing all levels of users access to the technology, including
users without previous experience. AH can ease this process so that users feel they are
conversing with an intelligent machine, which would guide them just like a human
teacher, not to necessarily replace human teachers but to complement and support the
learning process.

Many AH techniques exist which can manipulate the links and/ or the content of
the hypertext. Because AH is such a new research area, little work has been done to
show which techniques are the most effective. Evaluation within AH applications is
also an area, which has not been widely researched. Working with adaptivity, by
definition makes evaluating such applications a difficult and complex task.

The research described in this thesis started by looking into the construction of a
basic student model (SM) framework for use in educational adaptive applications. Due
to the complexity of the resulting SM called the SaDy (Static and Dynamic) SM, it was
necessary to test the model. To do this it was decided to carry out an empirical
investigation to gather data to populate and test the SaDy SM. This investigation
resultéd In a simultaneous investigation into adaptive hypermedia techniques, which
steered the research into adaptive hypermedia as opposed to research into student

modelling per se.



J. HOTHI 2000 CHAPTER 1

It is difficult to move AH research on, present realistic solutions to developers or
continue to study adaptivity unless we can present techniques that have been tried and
tested through user evaluation studies. This research attempted to develop and combine
complementary techniques that would achieve the following; reduce cognitive
overload, provide dynamic navigational support, reduce information overload and not
hide links or content for any level of user. This led to the development of the shading
method of adaptive presentation.

The first empirical investigation considered the static sections of the SaDy SM and
some dynamic variables. This was done by comparing three applications: a shaded text
appligation, an adaptive navigational support application and a pre-existing hypermedia
application that was authored and developed by archaeologists. The first study revealed
some important variables of the SaDy SM and also revealed the usability of the shaded
method of adaptive hypermedia. This study was then followed by a second empirical
investigation, in which the shaded method of AH was combined with dynamic link
annotation. This application was compared to a dynamic link annotation application
and the existing hypermedia application non-adapted version of the application. Again,
this study suggested the usability and acceptance of the shaded method of AH
combined with dynamic link annotation and the importance of some variables in the

SaDy SM.

1.2 Declaration
The work in this thesis is all the author's own work except the material used for the

experiments which was provided by the Department of Archaeology at the University
of Southampton and Dr. Ian Heath wrote the Microcosm filter that was needed for the

second AH experiment.

1.3 Structure of the Thesis
The overall aim of this thesis is to present research which has been carried out in the

area of AH to date and discuss future directions. The definition of ‘adaptive
hypermedia’ can vary considerably. For example, what does adaptive mean, what can
be adapted etc. To clarify this, Chapter 2 discusses adaptation in depth and defines what
adaptation within this research means. Chapter 3 takes a look at evaluation in general

and then presents some evaluation examples of existing AH systems. Chapter 4 takes a

13
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deeper look into the role of user modelling in AH. This chapter then goes on to present
a survey which was carried out to construct a student model framework for educational
adaptive applications. The first adapted hypermedia experiment is discussed in Chapter
5 and the results are examined in Chapter 6. Chapter 7 discusses the development of a
second empirical study, which was carried out to investigate AH techniques. These
results are discussed at length in Chapter 8. Chapter 9 presents the conclusions from the

study and provides some possible directions for future research.



Chapter 2 Introduction to Adaptive Hypermedia

2.1 Introduction

The main aim of this chapter is to present the concepts and techniques in Adaptive
Hypermedia (AH). Section 2.2 begins by discussing AH concepts it then goes on to
describe AH techniques which are classed as either link level adaptation or content
level adaptation. Section 2.3 presents some examples of AH systems which support
these various techniques. Section 2.4 introduces open hypermedia systems and
discusses Microcosm as an AH system.

Before attempting to discuss AH and open hypermedia systems, it is important to
clarify the definition of hypermedia again. Basically hypermedia allows us to navigate
through an information space using associative links. Hypermedia provides us with
multiple paths through an information space whereas traditional media such as books
present a linear path through the information.

Within the scope of this chapter we are concentrating more on AH, however a
detailed discussion on hypermedia systems and applications can be found in Lowe et

al.’s book (1999).

2.2 Adaptive Hypermedia Concepts and Techniques

Adaptive systems recognise that individual users behave differently when using
hypermedia systems. For example, experts generally know more and manipulate their
knowledge in a different way, they want more choice, less guidance and they have
better organised memory in general, whereas a novice requires more instruction and
guidance and a more tolerant dialogue with inflexible structures (Nickerson, 1986)
(Nicol, 1990). This illustrates how each user group has different needs and preferences.
Adaptation has the ability to target different dialogue for different users and prevent
particular user groups from using certain commands and nodes. AH has the ability to
accommodate the variability between users as well as the changing requirements of the
user over time, thereby presenting an application that is better matched to user needs.
Again, the most appropriate introduction to AH was found from this basic quote,

which has been taken from Brusilovsky (1998b).



J. HOTHI 2000 CHAPTER 2

AH systems apply different forms of user models to adapt the content
and links of hypermedia pages to the user.

During the literature review it was found that within the context of AH, authors
refer to adaptivity at the user interface or application level. Schlingbaum (1997) refers
to the various forms of adaptation at the user interface level, whereas Beaumont et al.
(1995) refer to whole hypermedia systems/ applications. It is believed that these two
areas of adaptation should be viewed separately as they have their own methods and
ways of adapting, both as important as each other. Adaptation in user interfaces aims to
provide usable information for overall access to the system whereas adaptation in
hypermedia pages aims to provide useful information by providing content and
navig;tional support (Nill, 1997) (Fink et al., 1998). However, it should be made clear
that users interact with the interface as well as the application directly via buttons/ links
(the links are a form of interaction therefore can be viewed as part of the interface).
Therefore the interface and the application (i.e. the structure of the links and the domain
model) should work together to aid and assist the user to achieve their goal. However,
within the scope of this work we concentrate on the adaptation at the application level
i.e. link and content level.

The various techniques in AH fall neatly under one of two main headings, content
level adaptation and link level adaptation i.e. adaptive presentation or adaptive
navigational support (ANS). Adaptive presentation can be used to support groups of
users with varying knowledge levels and adaptive navigational support is used to
prevent users from getting lost by annotating links and providing guidance during
navigation (Brusilovsky, 1998b). Examples of AH systems using these techniques are

described in section 2.3.

2.2.1 Various Dimensions of Adaptation in Time
Adaptation can be viewed from 3 dimensions in time i.e. at points in time when the

adaptation takes place.

1. "Adapted - where the hypermedia system is adapted for different groups of end users
at.design time e.g. novices, regular and expert users.

2. Adaptable - where the end user has the ability to change the functionality and or

characteristics of the hypermedia system.
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3. Adaptive - where the hypermedia system adapts dynamically during the session
according to end user behaviour.

For AH systems a stereotypical user model should be used during design time,
where application independent characteristics can include; user preferences,
capabilities, motor skills and application dependent characteristics including goals,
knowledge of system and application. This stereotypical user model must be acquired
as a result of comprehensive requirement analysis (Schlingbaum, 1997). However, if
the hypermedia system is adaptive then the user model is built during interaction and

dynamically updated. User models are discussed in more depth in Chapter 4.

2.2.2°Why Adapt Hypermedia?
In general, all hypermedia systems can be considered as adaptable to some extent i.e.

they give the user the ability to make individual decisions. End users can adapt the

system to their individual needs by deciding which links to follow next, for example

clicking on textual links and bypassing %Eaphics or other media. However, in general,

mf)st hypermedia systems provide the sa;ne sets of links and documents to all types of

users, whereas in reality, user goals,%ﬁreferences, background, knowledge and

objectives differ when using the same hypermedia system. AH attempts to solve this

problem for different class of users.

e AH can adapt information and links by using information about the user

e AH can reduce the possibilities of getting lost and confused, thereby reducing the
‘lost in hyperspace’ phenomenon by providing ANS and limiting the browsing space

e AH can provide adapted comments and help to individuals

Using AH resources within the educational domain results in other benefits including:

e Overcoming of resource problems e.g. lack of staff (Underwood et al., 1996)

e Aiding of special learners

e Presenting information in various ways

e FEasing load on teaching staff

Reducing the number of teaching hours (Orsini Jones et al., 1996)

@

Allowing self paced learning by providing an environment for one-to-one

correspondence between student and application tutor
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Evidence also suggests that adaptive systems can increase the effectiveness of a
user interface (Cakmakov et al., 1993) and that interface characteristics can heighten or
reduce cognitive overheads (Wright, 1991). However, it can be argued that adding
intelligence and control to an interface is contrary to the philosophy of hypermedia;

which is supposed to give the user full control to explore the available content.

2.2.3 Adaptive Presentation
Adaptive presentation in the main refers to changing the presentation of the content of a

document or style of the text depending on a user model. For example presenting
different groups of users such as expert and novice groups with a different version of
the same content. Novice users may get a brief introduction or more explanations and
experts may be provided with more detail or complex information. At a very basic level
we can say that adaptive presentation is based on ‘fragment variants’ which may be
chunks of text or whole pages.

An example of an adaptive presentation methodology is conditional text, which is
used in ITEM/IP (Brusilovsky, 1992). In this method all the information is divided into
chunks where each chunk is associated with a level of user knowledge. Each chunk is
only presented if a user meets a particular requirement. Stretch-text is a method where
chunks of information may be displayed or not, depending on the user’s knowledge
level. A traversed link results in an expanded explanation of the link, which replaces the
hot word resulting in a longer version of the original document. This text can also be
collapsed back to the hot word. MetaDoc (Boyle et al., 1994) applies this method. In
this method the user or the system can make adaptation decisions, resulting in an
adaptive and adaptable hypermedia technique. The most powerful technique for
conditional test is a frame-based approach, used in Hyperadapter (Hohl, 1996). Where
information of a concept is represented in a frame and slots of a frame can contain
several different explanations of a concept. A technique developed and used in the

PUSH system (Hook et al., 1996) is a cross between frame based and stretch-text.

2.2.4'Adaptive Navigation Support
Adaptive Navigation Support (ANS) refers to changing the presentation of links in a

document, many methods exist under this heading, for example direct guidance,

sorting, hiding and annotation.
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A very basic method for ANS is to provide a different set of links for different
groups of users. Direct guidance is also classed as a basic method for ANS, the system
decides which link the user should follow next depending on their goals and
preferences (as used in ISIS-Tutor (Brusilovsky et al., 1994)). Although this is a useful
technique, it does require additional link management support (Brusilovsky, 1998b).
There are two main ways to support this method, the links can be visually outlined or
links can be dynamically added or deleted/ hidden. Link ordering/ sorting occurs when
available links are re-ordered dynamically on the document usually with the most
relevant first. This is a useful technique for information retrieval systems such as
HYPERFLEX (Kaplan et al., 1993).

L;nk annotation augments links to provide the user with some idea of the status of
the node behind each link within the current document. Annotations can be in the form
of text or visual clues. Visual clues can be in the form of different icons, colours, font
types and sizes. This method eliminates incorrect mental maps (i.e. how a user models
the hypertext network in their mind) and is more effective than link hiding as hiding
can only distinguish 2 states of a link; relevant or not relevant. Hiding links is the most
commonly used method to support ANS. It works by restricting fhe number or
presentation of links, which are presented in a document and can help to reduce
cognitive overload. But it does result in users building incorrect mental models of the
hypertext. De Bra et al. (1998a) present 3 variations of hiding, link removal which
removes the non-relevant links, link disabling where the link is visible but the
functionality is removed and link hiding where the functionality is retained but the link
text is presented in the same font/ colour as the rest of the text (usually black). In the
latter, the link can be used if the user discovers it. Dimming can be used to support link
disabling, i.e. links can be dimmed by changing their colour to grey. One or more of
these methods of adaptation can be used within one AH system. Examples of AH
systems using either adaptive presentation and/ or ANS are discussed in the next

section.
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2.3 Examples of Adaptive Hypermedia Systems

2.3.1 AHA

In a paper by De Bra et al. (1998a) the authors present the AHA system (Adaptive
Hypermedia Architecture) which was developed at Eindhoven University. AHA is an
open adaptive hypermedia architecture for the Web, the difference is that it separates
the interface from the user modelling and adaptive features. The system supports an
educational hypermedia course on the Web, however it can also be used to support
other hypermedia application areas such as on-line help, on-line information systems,
institutional hypermedié and personalised views. AHA is one of the most versatile AH
systems. It can support 4 types of link level annotation and 2 types of content level
adaptation. The text is fragmented and the links are annotated by changing the colour of
the link. This system is also adaptable in that the user can choose between link
annotation and link hiding. Different fragments of text can be displayed or hidden
depending on the user model. To support fragment variants in AHA, a preprocessor
filters the content by conditions encoded into HTML comments as HTML cannot
support fragments of text which may be visible or hidden. The paper provides examples

of correct and incorrect code, which is useful to anyone with knowledge of HTML.

The paper discusses three sub groups of link hiding: link removal, pure link hiding
and link disabling. However, AHA only supports link annotation and pure link hiding
although link removal can be simulated i.e. the author or user can chose between link
hiding and link annotation by changing the colour scheme. Link hiding is supported by
selecting black as the colour for undesirable links, assuming the rest of the text is also
presented in black. The user will only know the link exists if they run the mouse over
the text at which point the cursor will alert the user to the existence of a link. Link
annotation is provided by classing the links and displaying them in a different colour.
The-links may be desirable or not, this is where the pre-processor classes them as good
or bad respectively with respect to the user model. It is possible to support adaptive link
removal by changing the HTML code i.e. the anchor tag into conditional text. Direct
guidance can be supported via conditional content however it is a more difficult

process. For more detail of the AHA architecture refer to another paper by De Bra et al.
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(1998b), which gives a detailed description of the AHA architecture and gives a very
brief but solid introduction to AH and it’s techniques. This paper explains the system in
more detail and provides 3 examples of applications based on AHA. AHA is used to
present an on-line course ‘Hypermedia Structures and Systems’. Again the paper
provides more detail by providing examples of the content adaptation and how the
conditional text may result in hiding it or replacing it with more relevant version of the
text.

This paper also goes into detail about the structure of each node as well as how an
author can develop a user model. AHA can support up to 148 different types of users
which, is an impressive level of granularity. The authors suggest a simple but effective
user model, i.e. (¢, v) where c is a concept and v is a value. In this user model, the
references are represented by Boolean values, for example true or false, which shows
how much a user knows about that concept, i.e. known or not known respectively, but
the colours of the links are stored as explicit colour values. The system also builds a log
file for each user, where the time a user spends on a document is stored as well as each
test score. In this system, knowledge is generated by reading pages and taking tests.
The authors explain that the user model is limited in that if an undesirable node is read
the model assumes that the user did not learn anything and the user model is not
updated. However, it is explained that INTERBOOK (see section 2.3.2) has overcome
this drawback by allowing each node to have four states. The paper also discusses the 3
link types that AHA supports; conditional, unconditional and external. An external link
is one which points to a web page outside the current hypertext. A conditional link may
be classed as good, bad or neutral depending on the user model. An unconditional link
can be classed as neutral or good depending on if it has been visited or not. Again this
paper goes into detail about the conditional content with example of code. The paper
also presents a clear and simple diagram of the AHA architecture. The AHA engine is a
CGI script and the paper sets out all the functions it performs, and how it works. AHA
is cTassed as an open architecture because it has the ability for other systems to pick up
user );nodels as well as to update them. This is done by the system generating an
external representation of the user model. However, the authors point out that this is
only the first step on the way to building open AH systems. The paper concludes by

outlining extensions to the system.
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Another paper worth mentioning is De Bra (1999) which describes AHAM
(Adaptive Hypermedia Application Model). This is a reference model for AH
applications. AHAM is based on the Dexter model. AHAM augments Dexter with
features for doing adaptation based on a user model, which persists beyond a session.
The main aim of this paper is to define and place AH within the Dexter Model and also
develop a framework to aid the development of AH systems in which authoring would
be easier than in a system such as AHA and INTERBOOK. A diagram is presented to
show how AHAM fits into and extends the Dexter Model. The paper provides the
reader with 10 detailed definitions of the various components. For further information

please refer to De Bra et al. (1999).

-

2.3.2 INTERBOOK
INTERBOOK (Brusilovsky et al. 1998a) (Eklund et al., 1998c) is an authoring and

adaptive textbook delivery system based on the WWW. INTERBOOK provides
dynamic ANS by using three different fonts and four different coloured bullets to
represent four states; ready-to-be-learned, visited, not-ready-to-be-learned and
unknown. For example the system either a}&)laces a different coloured ball next to a link
to show it’s current status, or one of three levels of check marks to represent already
visited concepts. The adaptation takes place with respect to an individual user model,
which is constantly updated. Eklund et al. (1998b) present a more detailed discussion of

the system and presents a strong case for the use of AH in higher education.

2.3.3 ISIS-Tutor
ISIS- Tutor is one of the earliest AH systems (Brusilovsky et al., 1994) in which ANS

support is provided by link hiding and annotation. It uses different colours and special
marks to annotate the set of links leading from the current node to related nodes
according to the users current knowledge and educational goals. This system holds a
basic student model. Each concept and related hypernode is represented as one of four

states; not-ready-to-be-learned, ready-to-be-learmned, in-work and learned.

-

2.3.4 ANATOM-TUTOR
A paper by Beaumont et al. (1995) describes two AH systems within an educational

context: ANATOM-TUTOR, which is an intelligent tutoring system, and ISIS-TUTOR.
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In ANATOM-TUTOR, adaptation takes place at the link and content level. Adaptation
at the content level involves the adaptation of the style and content of the text. This
system also provides custom tailored explanations. The system utilises a user model,
which uses stereotypes and mechanisms for deducing information about a user. User
information is gathered using a questionnaire, which the user completes at the start of
the first session. This is used to apply stereotype knowledge from one of two main

groups of users, distinguished as beginner and advanced.

2.3.5 HYPERADAPTOR
HYPERADAPTOR (Hohl et al., 1996) is an adaptive and adaptable hypertext system

which supports the learning of programming. The paper goes into detail about the
architecture and explains the knowledge base in detail. It also gives a detailed diagram
of the HYPERADAPTOR architecture. The system builds a detailed, dynamic student
model of user expertise, which is then used to provide personal assistance. The model
holds information such as personal data, programming competence and personal
interests. The system supports four user stereotypes: novice, beginner, intermediate and
expert. Link attributes are evaluated by selection rules, which prevent users being
presented by information they are not ready for etc. The main features of the system are

that it can adapt information and links for individual users.

Original user information is collected via questionnaires, which are filled out at the
start of the first session. The paper provides screen shots of the questionnaire and goes
on to present two screen shots of the content, one for a beginner and one for an expert.
Topic browsers can be used to aid navigation. The system aims to incrementally
broadening the user’s knowledge by tracing their progress. The system is one of only a
few which provide users with access to their profile, called a user model inspector,
again a screen shot is provided. The last section of the paper discusses related research
and talks about other adaptive systems in terms of their user modelling components. In
conclusion the authors suggest extensions to the system by designing more realistic

user rhodels as well as taking into account the concept of decaying knowledge etc.
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2.3.6 ELM-ART 11
Weber et al. (1997) developed a system called ELM-ART (ELM Adaptive Remote

Tutor) which is an intelligent interactive textbook based on the WWW and supports the
learning of LISP. It provides dynamic adaptation by annotating and sorting of links and
adapting the presentation of the content. Adaptation decisions are based on a user
model, which is updated dynamically during the session. All the documents presented
are generated on the fly. The sorted links are presented with the most relevant first.
ELM-ART 11 uses the traffic light metaphor to visually annotate the links. The green
ball means that the link is recommended, a red ball means that this page is not ready to
be learnt, the yellow and orange balls mean different things at different times. For
examgle, the yellow ball can mean a question has been answered correctly or a

particular document has been visited.

2.3.7 PUSH
Hook (1997) developed the PUSH system, which is a web-based system developed to

aid users when using an on-line manual. PUSH does not affect how users navigate
around the system only how much information is displayed on a document. PUSH uses
stretch-text technology and selects what to hide in a page thereby avoiding information
overload. Stretch-text is a method of self-adaptation where a highlighted keyword is a
link, if clicked the system replaces the original keyword with an expanded explanation,
within the same document. This text can also be contracted back to the keyword. Local
maps of the information space are also available which can be used as a navigational

aid.

2.3.8 AVANTI
Fink et al. (1997) designed and evaluated a system called AVANTI, which can be

accessed via the WWW. It is a distributed information system that provides information
about a geographical location to a variety of users, such as tourists, the elderly, the
blind etc. The adaptability is provided at the user interface and the application level i.e.
the content of the documents and presentation of the links. The user model holds
information on user interests and preferences, domain knowledge, computing
experience and their interactions with the AVANTI system. The system decides what

information to display depending on the user model, which is updated during the
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interaction process. The original assumptions for the user models were acquired by

interviewing and dialogue interaction from which users were allocated stereotypes.

2.3.9 HYPERFLEX
HYPERFLEX is an on-line information retrieval system developed by Kaplan et al.

(1993). The HYPERFLEX system implements adaptive sorting of links, where the
system provides the user with navigational support by displaying an ordered list of
nodes related to the current node, depending on the relevance of each node. The most

relevant is displayed first.

2.3.10 GUIDE
The Guide system (Cheverst et al., 2000) is a live system that provides visitors with up

to date information about a city using a hand held wireless unit. Information presented
to visitors is tailored according to their personal context (location and profile) and the
environmental context. The visitors profile is constructed at the start of the session
where they enter some personal details such as interests and language. This information

is currently static but work is being carried out to make it dynamic.

2.4 Open Hypermedia Systems

Earlier hypermedia systems were mainly classed as closed systems, i.e. a system which
provides fixed applications which are highly integrated with the links mechanics of the
system (Legget et al., 1993). The documents contain the embedded links which makes
external access of documents and links by other hypermedia systems impossible. On
the other hand, open hypermedia systems allow any application to manipulate the
hypermedia mechanics and functionality of the system. However, the level of openness
may vary depending on the restrictions of the protocol. An open hypermedia system
should be open with regard to size, the ability to import new nodes, links and anchors
without limitation. The system should also be able to import and use any data format
and. allow access to the links service by any application. In addition, the hypermedia
data model should be configurable and extensible, it should be possible to implement
the system on various distributed platforms and finally the system must support
multiple users and allow them to hold individual views within the system (Lowe et al.,

1999). With these criteria, no system can claim to be truly open and the WWW must be
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classed as closed, however it is possible to implement an open hypermedia system
within this type of environment for example the Distributed Link Service (Carr et al.,
1995). A good introduction to open hypermedia systems can be found in the
introduction to the JoDI (Journal of Digital Information) special issue on the subject

(Wiil, 1998).

2.4.1 Microcosm as an Adaptive Hypermedia System
Microcosm is an example of an open hypermedia system. It separates the links from the

content and no mark-up is required. The main aim of developing Microcosm was to
reduce the effort required for authoring. Firstly authoring large sets of documents is a
difficult task anyway and secondly, embedded links once created are difficult to keep
track of. Also these links are only position dependent and cannot be reused. Another
important aim of the project was to enable the system to apply links to read-only media.
The resulting system, does not mark up the content or data and uses a link service,
which can be applied to any data type and data within a third party application. The
separation of the data and link structure allows the reuse of content. Again this is
important for AH systems, if links are not embedded, the system can reuse the same
content to display to different users in various combinations and contexts.

The Microcosm architecture (see Figure 2-1) is based on the use of filters, these are
programs or processes that can communicate with Microcosm, and handles messages
with the Filter Manager. Almost all process are designed and implemented as filters
(Lowe et al., 1999). This allows unlimited scope for adaptability, and filters can be
designed to carry out AH functionality and support various AH techniques. One such
filter may be used to support ANS by displaying annotated dynamic links at run time
based on the content or context of a source anchor rather than the location within a
document. Another example is the computed links filter, which applies information
retrieval techniques on a selection of text on other text documents to find the same or

similar vocabulary.

.
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Figure 2-1 The Microcosm Architecture

All links in Microcosm are stored iiT"a linkbase. Multiple linkbases can be used at
afny one time allowing for different VieWi of the same content and potentially resulting
in an adaptive application. By separating the links into separate linkbases the author or
user can tailor the information space for different groups of users. Again, these links
may be configured to support ANS by displaying a different colour for different types
of links. This also allows Microcosm to support the use of hidden links i.e. by
displaying the links in black to match the document text. Further annotation techniques
such as adding icons etc can also be supported by designing new filters.

Linkbases support three link types:

specific link -is a link from a particular object at a specific point in a source
document that connects to a particular object in a destination document
local link -is a link from a particular object at any point in a specific document
that connects to a particular object in a destination document
= generic link -is a link from a particular object at any position in any document
 that connects to a particular object in a destination document

It is recommended that a minimum of three linkbases are used for any application,

one holding links created by the author, the second holding generic links to background
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material and glossary terms and the third holding links which have been created by
individual users. This environment is ideal for developing AH systems and
applications, as all information requires a basic structure connecting the background
concepts, while generic links, can lead to explanations presented in different ways
depending on the end user. Also the context dependent links can be generated for
different types of users or contexts depending on the end user requirements and goals.

Microcosm also allows users to become authors by giving them the ability to create
links within existing hypermedia documents, without changing the basic structure
provided by the original author. This adds a new dimension to AH systems where users
can literally create their own personalised views of the data depending on their personal
goals‘\and knowledge levels. This can also be viewed as adaptable hypermedia, where
the user has the ability to make the system adapt to their personal mental maps.

Three primary navigation or browsing methods exist within Microcosm, the
hypermedia link service, computed linker and the Document Management Service
(DMS) which is a file browser. Again this can be viewed as adaptable as the user has
the ability to decide which navigation method to use or alternatively the system can
dynamically decide which method to present to the user depending on their
characteristics. One aspect of AH systems which Microcosm is currently lacking is the
provision of a user model engine, however, this can be overcome by designing and
implementing a user model filter.

This section has briefly discussed how Microcosm can be viewed as an AH system.
A more detailed discussion of the Microcosm architecture can be found in Davis et al.
1992. The following quote (Lowe et al., 1999) summarises Microcosm within the AH
system paradigm.

The Microcosm architecture enables different views of the same set of
documents to be presented to different users either by associating
different logical types to the files in the application in the DMS or by

-~ using different combinations of linkbases. The filter architecture allows
~ for the dynamic generation of links via an algorithm defined in a filter,

which can in turn lead to the development of AH applications.
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Having discussed the various types of AH systems, in the next chapter we consider

how their use can be evaluated.
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Chapter 3 Evaluating Adaptive Hypermedia

3.1 Introduction
Evaluation is an extremely important part of any project lifecycle, especially where

end-users are concerned. Many different types of evaluation techniques exist, each
incurring varying monetary, human and time costs. Results from evaluations can be
used to assess a given design solution, compare designs or as a foundation to base

future design decisions. A definition given by Jacobs (1998) summarises evaluation;

Evaluation is the systematic reviewing of the value and effectiveness of
a piece of courseware, and is normally carried out by collecting
. experimental and other data before coming to objective conclusions.

To investigate the evaluation of AH it is necessary to explore the various
techniques used in the evaluation of user interfaces in general, as well as issues
involved in evaluating hypermedia. This chapter presents a three-part review of
evaluation techniques, starting with a brief look at usability issues in section 3.2.
Section 3.3 discusses general techniques used in evaluating user interfaces. Section 3.4
discusses the evaluation techniques used in evaluating hypermedia applications, and

section 3.5 discusses the evaluation techniques used when evaluating AH applications.

3.2 Usability
Usability refers to the effectiveness of the interaction between people and the system,

1.e. all the activities performed by the user that are affected by the technology they use.
Individual aspects of usability are called usability factors, for example, speed of
performance, incidence of errors, recovery from errors, retention of learned skills and
satisfaction (Newman et al., 1995). Most usability measures depend on the activity
being performed. Usability can be measured analytically by performing simulations of
user activities. These techniques can be carried out quickly and informally and they do
not_involve real users. Usability can also be measured empirically, by observing and
recording actual user performance of frequent or critical tasks usually performed on a

prototype. These techniques require prior planning and careful experimentation.

30



J. HOTHI 2000 CHAPTER 3

3.3 Interface Evaluation Techniques

3.3.1 Cognitive Walkthrough

The cognitive walkthrough method involves individuals or groups of evaluators
inspecting a user interface by completing a set of tasks and evaluating its
understandability and ease of learning. The user interface is often presented in a paper
mock-up or working prototype. This method of evaluation works well with team
walkthrough situations compared with individual walkthroughs (Karat et al., 1992).
This technique is usually applied to designs for systems that will be used by people
without prior training or for exploratory type learning environments. It can also prove

to be most useful in systems that have been changed or extended (Polson et al., 1992).

A study by Wharton et al. (1992) found that the walkthrough method required a
higher knowledge of cognitive science terms, concepts and skills than most software
developers would possess. Other problems with this method are that only a small subset
of the tasks can realistically be evaluated, task selection itself may be problematic and
the evaluator does not have a global view of the interface. However, the walkthrough
method is good if resources are limited and may be useful when used early in the
development lifecycle, as it could be used to evaluate competing solutions before
development begins. However, it is felt that this method is not suitable for use on
highly functional systems unless further extensions are made to the method (Karat et

al,, 1992) (Wharton et al., 1992).

3.3.2 Checklists
The advantages of using a checklist approach to evaluation are that it provides a

structured list of relevant criteria for evaluation and can replace expensive empirical
testing. This method is easy to handle and it can produce the impression of a complete
set of evaluation criteria and procedures. However, it has been suggested that
evaluation based exclusively on checklists can only be considered as a ’first level
rev‘fe»_v’ and would therefore also require support from a variety of other evaluation

methods to produce a complete evaluation report.
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3.3.3 Interviews
Interviews are a good technique when trying to capture in-depth information such as

attitudes, impressions, opinions and ideas (Dix et al., 1993). The interviewer can direct
responses or develop responses further if the they feel they do not understand, resulting
in a more precise and controlled discussion. The face-to-face method can also be useful
because the interviewer can pick up on physical responses or reactions of the

interviewee.

3.3.4 Questionnaires
Questionnaires, in which users describe their experiences, attitudes and opinions of

using«the system, gather subjective data from users. Some evaluators argue that this is
the most important type of information i.e. knowing what the user thinks is more
revealing than objectively measuring the same parameter. Questionnaires can be
designed to provide specific or general responses by using open ended or closed
questions. They provide an accurate and fast method of gathering data. Subjects may
feel more inclined to respond honestly to questionnaires as they are usually anonymous.
Questionnaires are especially useful when requiring a large number of responses. Once
created they can be handed out and collected at a later time and can be distributed by
inexperienced people at a low cost. The data from the results provides a good basis for
using statistical analysis. Many types of questionnaires can be used. For example pre
and post-task questionnaires can be used to establish the acquisition of knowledge and
pre and post-session questionnaires can be used to establish subjective attitudes about
particular system issues. Lindgaard (1994) highlights five issues regarding the design of
questionnaires; the format and content of questions, response categories and scales,

coding of responses, layout and structure. A major drawback of using questionnaires is

that they are less dynamic than interviews and responses can not be discussed.

3.3.5 Focus Groups
Focus groups are designed to collect information by questioning 6-9 users who have

been brought together to discuss the system. The investigator prompts a discussion by
asking a few questions. This encourages other group members to speak out and may

trigger other thoughts or comments. Again, responses may be investigated further or the
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investigator may ask for clarification of points if they do not understand a response.

However, it is easy to lose track and discuss issues that may not be relevant.

3.3.6 Heuristic Methods _
Heuristic evaluation is carried out by specialists who interact with the interface and

attempt to form an opinion on how good or bad it is. Heuristic evaluation is an informal
method of detecting possible usability problems using a set of guidelines called
heuristics. In general, this method is a two-stage process. First it employs a team of
evaluators and then heuristics are designed which are used to guide the evaluators.
Examples of simplified usability heuristics are; be consistent, provide feedback, use
simpl® and natural dialogue, minimise user memory load and prevent errors (Nielsen et
al., 1990). Heuristic evaluations (or usability inspections) usually only involve expert
evaluators as they are better at performing heuristic evaluations than non-specialists
(Nielsen, 1992) (Garzotto et al., 1997). These evaluators look at the design and
investigate what is right or wrong about it. This technique can be carried out relatively
quickly resulting in reduced costs and resolution of problems. It is intuitive to perform,
no advance planning is required and it is suitable for use in the early stages of
development (Neilsen et al., 1990). This method is the most useful when evaluating a
running interface (Nielsen, 1993). However, several evaluations must be carried out for
the maximum benefit and it is ideally carried out by experts. There is a danger that
experts may miss potential end-user type problems and may focus on problems and not
solutions. A heuristic study by Nielsen (1993) found that heuristic methods only find
usability problems and do not address other phases of the usability engineering
lifecycle. It was also found that performance estimates from heuristic estimation and
GOMS analysis were highly variable. A study by Molich (1990) found that heuristic
evaluation was difficult to carry out, but also found that by aggregating the evaluations
of teams, the overall results did improve. Molich et al. stated limitations of the method
implying that the approach only looked at individual usability problems in the

development phase where the design is completed but needs refinement.
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3.3.7 Empirical Evaluation
The most common empirical strategy is the usability test (user testing) where the aim is

to study the performance of real end-users. Formative or summative evaluation
methods may be used. Formative evaluation assists the process of enhancing the
systems design by helping to form the solution to the design problem. Summative
evaluation tests the design as a whole, so it is seen as being less effective than
formative evaluation (Newman et al., 1995)

Summative evaluation is usually carried out on the final version of a system, with
real end-users performing real life tasks in a real work environment. Formative
evaluation is carried out with users to establish problems while it is still possible to

make modifications.

Some researchers feel that experiments that take place in a laboratory can not apply
to real learning environments. It is felt that by studying the user closely, this approach
may lead to the Hawthorne effect, where the very act of performing the evaluation
experiment affects the results; students may perform differently in an evaluative
situation than in a normal learning environment (Jacobs, 1998). An empirical study
carried out by Karat et al. (1992) identified the largest number of usability problems
and a significant number of relatively severe problems that were missed by the
walkthrough method. This finding was consistent with a study undertaken by Desurvire

(1994).

3.3.8 Observational techniques
Observational techniques include direct observation, video recording and analysis,

protocol analysis and system monitoring. Direct observation requires evaluators to
watch the user as they perform their task, usually by sitting near the user and taking
notes. It can be intrusive but this can be overcome by using a one way mirror. This
technique should be used in conjunction with another technique. User observation is
good at identifying external pressures e.g. social issues, which may impact the user
during real time use. This is an expensive method, which requires at least one observer
to observe each user individually, although it would work for a limited number of
observations. A problem with this method is that it may be subjective unless there is a

team of observers. A video camera may also be used to observe the user and gather
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information. Cameras may be hidden from the user to prevent the Hawthome effect
(Salzman et al., 1994). Video recording provides a full and permanent record of the
session. The results can be correlated with other analysis data. The results can also be
analysed by anyone at a later stage. A major problem with using video cameras is that
analysing the data can be time consuming (Lea, 1998) (Nielsen, 1993).

Protocol analysis is a technique where the user is requested to think aloud, i.e. to
provide a verbal account of their thoughts, feelings, opinions and actions when
interacting with the systems (Jorgensen, 1990). Protocol analysis requires little training;
therefore designers can perform the evaluation. It also provides qualitative data about
the user’s cognitive processes and data collection is fast. However, some people find
this an unnatural action and therefore find it difficult to do (Kato, 1986). Analysing the
results may also prove difficult and the results may not provide an accurate description
of what is actually happening. In this case retrospective thinking aloud can be used
once the evaluation session has finished. The advantage of this method is that it does
not interfere with the evaluation session itself (Hix et al., 1993). However, this could

lead to biased and selective recalling of events (Lea, 1988).

3.3.9 Software Logging
Performance data may be collected by a piece of software logging the user actions as

they interact with the system. This results in data which is collected automatically and
is reliable, therefore exact measures of performance can be extracted (Lean, 1988).
Other advantages of this method are that the data is recorded unobtrusively, the data is
highly accurate, the collection method is cheap and the evaluator does not need to be
present. However, software logging can result in large amounts of data being generated
where some systems may gather data at a very low level. Another major drawback is
that the log files do not explain why users are performing a task in a particular way. For
example time stamps for the time a user opened and closed a particular document may
be registered at ten minute intervals but this does not imply the user was viewing the
document for that total amount of time. Therefore this method must be accompanied by
direct. observation, audio or a video recording, to help assess when the user is actually

looking at the screen, and when they are not.
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3.4 Hypermedia Evaluation Techniques
Evaluation of user interfaces can be difficult enough. However, evaluating hypermedia

or multimedia applications results in additional problems. This is due to the significant
differences between the two technologies, i.e. the additional complexities of these
technologies (Tergan, 1998) (Hutchings et al., 1994) (Nielsen, 1990).

Hypertext applications pose special problems because of the way users
subjectively navigate the information base. Two other important issues are that the
hypermedia based learning tasks usually involve more complex user-system
interactions and that leamers can actually construct their own knowledge while
learning. This complexity of hypertext applications increases the importance of
evaluation but also makes them less straightforward and therefore requiring different
types of evaluation criteria (Wright, 1991).

Again, as with designing interfaces, iterative design using usability evaluation is an
important aspect of the hypermedia lifecycle and is vital in producing a successful
application (Hutchings et al., 1992) (Nielsen, 1990). However, there is a distinct lack of
research in evaluating hypermedia applications and a greater lack of evaluations carried
out with respect to educational courseware (Jacobs, 1998). It seems that more work has
been carried out on the technology side of hypermedia systems (Nielsen, 1990).

The usability of a hypertext application is determined by a combination of the
usability of the underlying hypertext system engine (the presentation and navigational
support available), the usability of the contents and structure of the information base,
and by how well these two elements fit together.

Nielsen (1990) suggests the use of usability testing via heuristic evaluation by
modifying existing heuristics or creating new ones for hypermedia systems. He also
suggests the use of questionnaires, interviews, logging and observation. Nielsen’s
(1990) discounted usability engineering approach presents five usability parameters-
easy to learn, efficient to use, easy to remember, few errors and pleasant to use.
Gillham et al. (1995) discussed Nielsen et al’s (1990) original heuristics for usability
evaluation, which suggest that the system should be simple and natural in language,
speak the users language, minimise user memory load, be consistent, provide feedback,
provide clearly marked exits, provide shortcuts, have good error messages and prevent

€Irors.
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A study by Nemetz et al. (1997) to compare evaluation methods by evaluating
hypermedia found that heuristic evaluation discovered 54 problems and usability
testing found 32. Both methods found a similar number of severe problems but
heuristic evaluation found more simple problems. The authors argue that results show
the superiority of heuristic evaluation over usability testing. They also report that only
20 problems were found in common by both techniques, implying that these are
complementary techniques.

It has been suggested by Garzotto et al. (1997) that empirical and inspection
evaluation methods are complimentary and should be used together. They present a
model called Systematic Usability Evaluation (SUE), which attempts to reduce the
disad;antages of both these methods. SUE attempts to adapt existing evaluation
methods and introduce more hypermedia specific issues.

The cognitive walkthrough method has also been used to evaluate interactive
systems (Newman et al., 1995). Johnson (1992) suggests that this is the ‘easiest’
method of evaluation. Analysis of a hypertext application using walkthrough involves
simulating the way users explore and gain familiarity with interactive systems
(Newman et al. 1995). An important%issue when using the cognitive walkthrough
method for hypermedia is that it must cover all the possible routes that the user may
take when interacting with the system (Newman et al. 1995). However, this also makes
the whole process extremely complex especially where the World Wide Web is
concerned (Thimbleby, 1996).

Empirical evaluation in which a prototype is constructed and tested by users is
seen as an essential part of interactive system design (Newman et al., 1995). Surveys,
questionnaires etc. are widely used in evaluating hypermedia systems to gain subjective
feedback from users of hypermedia systems (Hill et al., 1997) (Wills, 2000) (Makrakis
et al., 1998) (Chanier, 1996) (Laurrilard, 1998). Other systems on which these methods
have been used include, the Camille Project (1996) and the Perseus Project
(Marchionini et al., 1994). User observation raises some important points during
evaluation and highlights the importance of carrying out the evaluation on a fully
operational system (Beaulieu et al., 1995) (Chanier, 1996). Again the Perseus Project

and the Hypermedia Cammile Project used this method of evaluation. The checklist

37



J. HOTHI 2000 CHAPTER 3

approach, although not as common as the other methods, has also been used as a means
of evaluating educational hypermedia (Tergan, 1998).

Automatic session logging is a method which is used quite often in evaluating
hypermedia applications (Nielsen, 1990) (Gillham, 1995) (Hutchings et al., 1994) (Hill
et al.,, 1997). Even where it has not been used due to particular circumstances, this
method is suggested by authors as a useful evaluation technique (Beaulieu, 1995)

(Nielsen, 1990).

Even considering the complexities that characterise hypermedia, it is essential and
possible to carry out a usability study (Neilsen, 1990). However, it is remarkable that
the evaluation techniques used to evaluate hypermedia applications still rely on a
combination of existing conventional methods, such as questionnaires, direct user
observation, interviews and heuristics methods (with some refinement).

Although Desurvire (1994) suggests that different techniques may detect the same
usability problems, Nielsen (1993) suggests that several well chosen complementary
techniques should be used for evaluation (Hill et al., 1997). Petrelli (1999) suggests that
it is not vital to use all these techniques and that it is sometimes more useful to use the
cheapest.

In summary, we can say that most evaluations carried out on hypermedia systems
use summative evaluation on systems that are fully implemented and operational
(Jacobs, 1998). Existing evaluation studies carried out on hypermedia applications use
at least two techniques with some studies using up to seven (Nielsen, 1992). The most
commonly used techniques include questionnaires and user observation along with

other methods of evaluation such as heuristic evaluation techniques.

3.5 Adaptive Hypermedia Evaluation Techniques
The previous sections discussed various methods used to evaluate interfaces and

highlighted the differences in evaluating hypermedia, which arise due to the integration
of the usability of the applications and system. However the situation becomes more
cor;plex when we start to look at evaluating adaptive applications, systems and
techniques. Very few studies have been reported in this area and even less which use a

formal evaluation approach. One of the most comprehensive reviews on empirical

studies of AH to date can be found in Brusilovsky’s (1998b) paper titled ‘Efficient
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Techniques for AH’. The paper gives an in-depth discussion on various AH techniques,
and then presents some of the most significant empirical studies undertaken within the
field of AH. The following sections of this chapter will present examples of evaluation

studies carried out in the field of AH.

3.5.1 AHA
De Bra’s (1999b) paper provides brief examples of other AH systems, which support

the various types of techniques and the outcome of informal or formal evaluation
studies. This paper does not provide a discussion on an evaluation study carried out on
AHA but does state informally that user feedback showed that users do not like link
removal as they cannot see what lies ahead. Although no formal evaluation study is
reported it does state that AHA is a good system to carry out these usability studies due
to the number of adaptive techniques it can support. The authors also mention two
studies carried out one using ISIS-TUTOR (see section 3.4.3), which found this method
an effective way to reduce the number of navigational steps, and another study by
Kobsa et al. (1994), which showed that displaying disabled links was more effective
than pure link hiding. The authors also touch upon feedback from a course run earlier
where users preferred link removal over link disabling, although this was not

particularly well accepted either.

3.5.2 INTERBOOK
Two papers by Brusilovsky et al. (1998a) and Eklund et al. (1998c) introduce

INTERBOOK, and one of the most complex evaluation studies carried out in AH. The
evaluation study involved 25 undergraduate teacher education students in computing.
The aim of the study was to assess the impact, if any, of user model based link
annotation on student learning and user paths. The hypothesis was that adaptive link
annotation would provide students with more efficient paths through the hypertext with
mmproved learning methods. During the evaluation sessions, tests of knowledge were
carﬁed out as well as audit trails and questionnaires. In the first session, the system was
used by the subjects, who then answered questions on its features. In the second
session, users were divided and exposed to the database section of the book, 12 students

were exposed to the system with adaptive link annotation and 13 without adaptation. In
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the third session users took a multiple choice test on the database section of the book
and were then exposed to the spreadsheet section of the book. This time the groups
swapped, the ones who had been exposed to the adaptive system were given the system
without adaptation and vice-versa. In the last session, users were given a multiple-
choice test on the spreadsheet section of the book as well as a questionnaire. The results
presented in this paper are very comprehensive. The paper also presents the
questionnaires given to the subjects as well as the mean and SD (standard deviation) of

the results. The test scores were used as a measure of users knowledge acquisition.

The first analysis showed that link annotation had a negative effect on the database
session and not a great deal of difference was found for the spreadsheet session. A
further investigation into the audit trails revealed that some users already had prior
knowledge and most of the navigation was done using the ‘continue’ and ‘back’
buttons, these were non-adaptive. It was found that users had very different
navigational behavior, some never used the annotated links and others used them

frequently.

The users were then analysed by considering those who navigated using
annotation. It was clear that some users were only selecting nodes which were not
recommended. It was also the case that users accepted the adaptive advice at varying
levels. Brusilovsky et al. suggest a measure of acceptance of advice, which found a

high positive correlation between the agreement rate and the database test score.

Agreement rate= Number of green balls — Number of. Red balls

All hits.

The results were also analysed with respect to the navigational tools that were
used. It was found that ANS encouraged novice users to navigate in a non-sequential
method of navigation. It was also found that users without ANS used more of the
sequential navigation features. By the same token, users who did have ANS did tend to
usetthe adaptive advice. This showed that users did trust the advice provided and users

are willing to follow non-linear paths even if they are not experts. The results were also

analysed by looking into the number of hits on different document states. This analysis
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revealed that users preferred to visit ‘ready-to-be-learned’ pages. It was also found that

users also spent twice as long on these pages compared to other pages.

In conclusion the authors state that ANS is a useful AH technique, especially to
new users and for those who trust and use it. However, it does introduce cognitive
overhead, which may lead to distraction from the content. Results from this experiment
are interesting as it was found that the students who used the adaptive link annotation
performed significantly worse. However, after further analysis it was found that the
more the students followed the systems suggestions the better they performed. The
paper concludes by stating that much more work needs to be done in this area as there

is a lack of formal experimentation.

3.5.3 ISIS-Tutor

Brusilovsky et al. (1994) carried out their experiment using ISIS- Tutor. The goal of the
study was to check the efficiency of combining link hiding and annotation by using
special markers within the educational context. The student model was used to
distinguish one of four knowledge states or zones, namely ‘not-ready-to-be-learned’,
‘ready-to-be-leamed’, ‘in work” and ‘learned’. Highlighting these zones visually was
expected to help the user in navigation. For this experiment, 26 subjects took part, who
were from the first year computer science course, at Moscow State University. They
were all given ten questions to answer in 45 minutes after a brief introduction. The
subjects were divided randomly into 3 groups, Group A worked with hypermedia
without adaptation, Group B worked with AH (visual annotation) and Group C worked
with non-restrictive AH, which supported link hiding and visual annotation. User
actions were recorded and then analyzed with respect to the following variables, time to
complete the course and the overall number of navigation steps. It was expected that the

time and the number of steps would be less for the AH applications.

_The study showed that the number of navigation steps and the number of
transitions from concept to concept were less for the AH application and even less for
the non-restrictive adaptive hypermedia application. In conclusion both AH
applications supported efficient adaptive techniques (the ANOVA, analysis of variance

test was used to check the significance). These techniques increased user performance
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by reducing navigation problems. The authors suggest that adaptive presentation can

reduce the time for learning and increase comprehension but not reduce the number of

nodes visited.

3.5.4 ELEM-ART 11
Weber et al. (1997) carried out an empirical study to look at the effects of combining

different types of ANS with the guidance offered by the ‘next’ button using ELM-ART
11, which supports the learning of LISP as described in section 2.3.6. The traffic light
metaphor was used to annotate links and the text was presented in different styles to aid
colour blind users. A user model stored the knowledge of the user. Two treatments,
each ;uppoﬁing two levels of AH were investigated simultaneously. The first treatment
consisted of ANS by simply annotating the visited links with a yellow ball and not
visited links with an orange ball. The second type of annotation used in the control
group was similar to WWW browsers, which annotate links, which have already been

visited. The second treatment contrasted.the provision of a ‘next best step’ button with

a version without this button.

-

Each user was randomly assigned to one of the four conditions. A questionnaire
was presented to them, asking about their knowledge on programming languages and
LISP. This experiment was only aimed at users without LISP knowledge. The first
hypothesis was that ANS and individual curriculum sequencing with the ‘next’ button
would motivate users to proceed with learning. Results were taken from 33 subjects.
The results showed that users who used the ‘next’ button and did not have previous
knowledge of LISP worked on about 10 pages more than the subjects without the
button. This indicated that individual guidance provided buy the system was especially

helpful for complete beginners.

The second hypothesis stated that the number of navigation steps are reduced by
ANS and individual sequencing with the ‘next’ button. Although only 14 subjects took
par? in this study it was found that adaptive link annotation did not have any effect on
the number of navigation steps, it helped the users at the beginning but as they got

comfortable they followed the best path without any guidance. These studies showed
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that ANS and individual sequencing using the ‘next’ button are useful techniques in the

starting phases of a session and for beginners.
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3.55AST
A paper by Specht (1998) titled ‘Empirical Evaluation of Adaptive Annotation in

Hypermedia’ discusses the design and results of two experiments which compared
different forms of AH. The first study used a hypertext on prionic diseases, which
supported adaptive annotation and incremental linking of hypertext. In the second
study, a WWW based learning environment on statistics called AST (Adaptive

Statistics Tutor) was used to compare different forms of adaptive annotation.

In the first study, learning with three forms of adaptive hypertext was compared to
a static hypertext. Using a combination of two AH methods, namely adaptive
annotation and incremental linking, resulted in four different applications. Application
1, supported incremental learning and adaptive annotation so users were restricted in
their freedom to navigate but could see where they would be allowed to go in future. In
Application 2, only links relevant to user’s current knowledge were presented as links.
In Application 3, all the links were presented from the start and so there was no
restriction on the navigation and the links were annotated so users had an idea of their
relevancy. Application 4 was a static hypertext with no adaptation. Visited concepts
were represented by a hook, not ready to learn concepts were represented by a red ball

and ready to learn concepts by a green ball.

In the study, the learners knowledge was used to adapt the presentation of coloured
balls in front of each link. Acquisition of user knowledge was assumed simply by the
system when the user visited a concept. 85 users took part in the study. Before the
evaluation session users were required to complete a demographics questionnaire and a
knowledge test. At the end of the session the system automatically presented a post
session questionnaire including questions about the usability and helpfulness of the
adaptive methods. The time to read the nodes and the number of correctly answered
questions were recorded by the system. This study showed that the best method to
improve the acquisition of knowledge is a combination of adaptive annotation and

incremental linking.

In the second study, different forms of adaptive annotation were compared using

AST. Three applications were compared, the Annotation Application, which supported
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ANS using coloured balls to indicate information about a link, the Hide Application
which was the same as the Annotation Application but the not ready links were hidden,
and the Static Application in which annotations were presented using white balls and
hooks, so users only received information about concepts which they had learnt (hook

symbols) and needed to learn (white balls).

Again users had to complete a demographic questionnaire and a knowledge test.
Over a period of three months 180 subjects worked on the AST system, however results
from only 67 of the subjects were taken into account. This was due to the complexity of
the learning environment. The results suggested that the type of adaptive annotation can
have an affect on the learning process, style of learning, consequences on motivation

and the acceptance of the learning environment.

3.5.6 MetaDoc
The most comprehensive study carried out on adaptive presentation was with a system

called MetaDoc (Boyle et al., 1994). The goal of the study was to analyse the use of
stretch text. To carry out the experiment three applications were created. One without
adaptivity, one which supported stretch text and another which supported adaptive
stretch text. The subjects were from the Computer Science Department and were
divided into three groups. Each group was given eight reading comprehension tasks and

five navigation based tasks.

ANOVA was one of the statistical tests used. A significant difference was found
between the reading comprehension time for stretch text and MetaDoc. For reading
comprehension correctness and search time, a significant difference was found between
the non-adaptive and the other two applications. However for the navigation variables
such as search correctness, number of nodes visited, number of operations etc no
significant difference was found. Reading comprehension time also decreased while
understanding increased. Also it was found that adaptive presentation did not affect
navigation i.e. no difference was noted between any of the applications with respect to
the nﬁmber of nodes visited. In conclusion it was found that stretch text was an efficient
adaptation technique, which increased user performance by improving reading

comprehension.
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3.5.7 PUSH
The paper by Hook (1997), ‘Evaluating The Utility and Usability of an Adaptive

Hypermedia System’ discusses an evaluation of the PUSH hypermedia system by
comparing it to the non-adaptive version of the same system. In the study the following
issues were evaluated: how successful the subjects were in retrieving relevant
information, whether users were influenced by the adaptive system, if adaptivity
reduced the number of actions and lastly the user’s subjective preferences for the

adaptive/ non adaptive system.

The study was carried out in a laboratory where the subjects were videotaped and
actioris logged. Statistics were recorded such as task completion time, actions carried
out and inefficient use of the system. Nine subjects were used who all had WWW and
hypermedia experience. They were asked to carry out five tasks and were asked to
answer questions on their background, current understanding of some concepts and
their preferences on adaptive or non-adaptive systems. The analysis found that the
amount of navigational action between pages was not significantly different in the
adaptive and non-adaptive systems. This confirmed that the system only affected the
within page actions not the navigation between nodes. It was also found that the users
trusted the decisions made by the adaptive engine and that most users preferred the

adaptive version, as it required fewer decisions from the user.

3.5.8 HYPERFLEX
Kaplan et al. (1993) carried out a study, which looked into the efficiency of sorting as

an adaptive technique using the HYPERFLEX system. The first study was designed to
test the usefulness of goal directed searches. Only four subjects took part in the study,
they were given 10 questions; five with system supported goals and five without. The
results showed that ‘goal based’ adaptive sorting decreased search time and the number
of searched topics. The goal of the second study was to compare the efficiency of two
adagtive techniques; ‘current node’ based adaptation and ‘current goal’ based
adaptation. Three applications were developed; one which only supported ‘goal based’
adaptation, one which only supported ‘node based’ adaptation and one which supported
both. 18 subjects took part in the study. Six subjects were allocated to each application

and each were given 4 search tasks. This study measured the time to complete each task
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and the number of nodes visited for each task. The results showed that the users of the
application which supported both types of adaptation performed better than the other
two groups. In conclusion although the number of subjects was small, the study did

reveal that sorting can improve performance in search tasks.

3.5.9 AVANTI
Fink et al. (1997) evaluated the AVANTI system (see section 2.3.8). The system was

evaluated at three different sites in three different scenarios. The aim was to establish if
the system was beneficial to users and if it was technically feasible. The first
experiment used 60 citizens and tourists including people with motor disabilities. The
tasks :given were to plan trips to various places within the area. The next experiment
involved 11 tourists and then 40 tourists and business travelers. Their tasks were to
book a holiday in a cottage. The final experiment used 20 visually impaired users and
40 without visual impairments. They were citizens and tourists and their task was to
find information on a particular site. Information was collected via user observation,
interviews, questionnaires and log files. ,The most relevant findings were that users
who reused the AVANTI system tended to understand the system and adaptation better.
The adaptive features were used more frequently by computer, AVANTI and WWW
experts and the motion impaired users found the system more useful than the able-

bodied people. In conclusion it was found that the adaptive features were well

understood, used and appreciated.

3.5.10 Help Component
Encarnacao (1997) carried out an empirical evaluation of an AH help component. Users

with different backgrounds first filled out questionnaires on their assessment of
expertise on the system and application domains. Users were then asked to carry out
pre-defined tasks with and without the adaptive help component. Their dialogue with
the application was then evaluated with respect to their expertise assessment. These

results were used to develop the user modelling aspect of the system as well as

estimating the usability of the application with respect to different user groups.
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3.5.11 GUIDE
The GUIDE System (Cheverst et al., 2000) was evaluated in two phases, using an

expert walkthrough and a field trial, with the aim being to establish the quality of the
user’s experience. Visitors were allowed to use the system as they wished and were not
set pre-determined tasks. A time log was also taken and direct observation was used
with users encouraged to think aloud. An interview was conducted at the end of the
session to gather subjective opinions. Over four weeks, 60 people used the system that
varied widely in their demographics. The results were very positive with most users
liking the provision of the context aware navigation and information retrieval
mechzinisms. They also enjoyed using GUIDE and trusted the information provided by
the system. Another important outcome from the study was that designers must be
extremely careful in what information they regard as relevant and display given a

particular context.

3.5.12 Multimedia Course
Another study carried out in this field worth mentioning is the one carried out by Da

Silva (1998), although this study was not formal, it was a preliminary experiment that
presented some interesting results. The study focused on adaptive navigation by using
link hiding and a user model, which held student knowledge about each concept. A
major drawback of the paper is that is does not state how the evaluation process was
carried out however informal it may have been. However, it did present positive results
with respect to what students did and did not prefer about the adaptivity in question. It
was found that link hiding confused users and that visual annotation should be
considered instead. It was also found that it is important to present users with the size of
the application by the use of concept maps. Another very important point to emerge
was that the difficulty level of the documents was not enough to measure user expertise

about a concept and that another variable such as coverage should be used.

3.5.”13 Issues Raised by the AH Evaluation Studies
Due to the recent development of the AH field there is a lack of documented

experimental research within the area. Very few AH techniques have been empirically
studied, some authors report formal studies whereas some provide informal feedback.

Individual empirical studies have been carried out on various techniques, mostly ANS
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but with less emphasis on adaptive presentation. However, there is no report of multiple
studies of the same technique (except hiding) and therefore we can only rely on the
results of one-off studies. Most of the reported studies have been carried out on WWW

based systems and very few within the educational environment.

All the studies used conventional evaluation methods even though it is realised that
evaluating AH is quite different to evaluating interfaces and traditional hypermedia.
When evaluating AH all of the following evaluation techniques used questionnaires,
user observation and logging, as well as and interviews and heuristic methods.
Although there was an importance placed on the evaluation of a fully operational
system during a period of time, this may not always be possible especially when
working on a research project and restricted by time. The literature review also
highlighted that most studies of adaptive systems were comparisons of the system with
and without adaptivity. An important issue to come out of the literature review was
what to measure in AH systems, studies carried out by authors such as Boyle et al.
(Hook, 1995), Brusilovsky et al. used task completion time as their evaluation criteria,
which can be useful for some systems. Other criteria which have been used to measure
evaluation include reading comprehension time (Boyle et al., 1994) in MetaDoc,
number of nodes visited, number of times user revisited concepts studying, task
completion time (Brusilovsky et al., 1994) in ISIS-Tutor and search time (Kaplan et al.,

1993) in HYPERFLEX.

3.6 Evaluation Review Conclusion
It was interesting to find that each literature review brought out many similarities

between what methods had been used for the evaluations. It was also interesting to find
that not much in the way of methods, number of evaluators or motivation had changed
over time. However, it was disappointing to find papers outlining the same problems at

present as other authors had mentioned many years previously.

_All the papers agreed in conclusion that several evaluators should be used to carry
out the evaluations and that different types of evaluators were required to provide
different outcomes. The authors also agreed that most of the evaluation techniques are
complementary to each other, yield different results and recognise different usability

problems. Therefore, dependent on the availability of resources, a combination of
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evaluation techniques should be used in an empirical study. The main differences found
between evaluating interfaces and hypermedia was that hypermedia is more
complicated due to the integration of the system with the application and hypertext
functionality. The main differences found between evaluating traditional hypermedia
and AH were the measures taken to establish usability, although the same evaluation
techniques were used in all three evaluation environments i.e. interfaces, traditional

hypermedia and AH.

3.7 Next Stage
Chapter 2 described various AH systems and the AH techniques they have

imple;nented. This chapter discussed the evaluation studies carried out to evaluate
interfaces, hypermedia applications and AH applications. The next chapter is presented
in two main sections, the first concentrates on introducing and describing the concept of
user models with respect to adaptive and intelligent tutoring systems. The second
describes a study which was carried out to investigate the development of a basic
framework for a user model to be used within an educational AH system. This study
was carried out to develop a deeper understanding of AH systems and the importance of

user models as a component of them.
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Chapter 4 The Role of User Modelling in Adaptive Hypermedia

4.1 Introduction

AH systems, by definition are designed to recognise that different users behave and
manipulate their knowledge in different ways. For example, novice users would require
detailed instructions and guidance and would possibly be more tolerant of slower
systems. AH systems and intelligent systems model the differences between users by
developing user models (UM) or in the case of educational systems, student models
(SM). This chapter is divided into two main sections. The first presents an introduction
to usér modelling and the second presents a survey, which was undertaken to

investigate the construction of a basic SM framework for use in an educational AH

system.

4.2 A Generic Adaptive Hypermedia System Model

Chapter 2 discussed various AH systems and adaptation methods they support. This
Chapter will aim to present a generic AH model. At an abstract level the architecture of
most educational AH systems must consist of at least the first three of the following

components {Wu et al., 2000):
e Adaptive Engine

e Student Model

e Domain Model

» Pedagogical Model.

Figure 4-1, presents a generic model for a dynamic AH system and shows the
relationships between the various components. The adaptive engine establishes the
user’s goals and is responsible for making adaptation decisions. For adaptive interfaces,
the-adaptive engine may consist of a dialogue manager as in Cockton et al.’s model
(1986') and or a plan recogniser as in Toterdell et al.’s model (1987). The Adapts
(Brusilovsky et al., 1999) architecture holds a separate adaptive diagnostic component
which selects the most relevant task for the user. This is then passed to the adaptive

engine, which provides the adaptive support.
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The SM holds information on the user’s knowledge of the domain and their
progress. The SM may vary in the type and amount of information it holds, usually
depending on the type of system. The system makes assumptions about the user
generally via some sort of initial on-line questionnaire, which is used to assign a user
with a stereotype SM. Performance measures are then collected by the SM and are used
to individualise adaptation and output for that particular user. The SM may also store
log files, which record input by the user. These may also be used as a performance
indicator by the system.

Each AH system also holds a domain model, which describes how the information
within.the application is structured by describing the relationships between the concepts
and nodes etc.

Finally, educational AH systems hold a pedagogical model, which represents

knowledge of how to teach based on teaching strategies and diagnostic knowledge.
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4.3 User Modelling Issues

To allow adaptation within an AH system even at a very simple level, a model of the
user and their progress must be constructed so the system can make adaptation
decisions. The first step is to identify the various groups users fall into, for example,
experts, occasional users and novices. Having said this it is important to realize that
groups do not lie in neat categories, a novice cannot turn into an expert overnight but
must work through several continuous phases before they can be classed as an expert.
In general, UMs are based on individual user characteristics and should incorporate the
fact that the user’s capabilities change while working through a session. Therefore, the

-

aim of a SM is also to understand the user’s acquisition and retention of knowledge.

4.3.1 SM Attributes — User Characteristics

To initially build a SM the system requires basic information from the user, this is
usually obtained via an on-line questionnaire asking about static user characteristics.
This information is used by the system to allocate a stereotype SM to the user. Some
authors stress the importance of age, cultural background, personality variables and
computer literacy levels (Plessis et al., 1985) (Beck et al., 1997) (Spall et al., 1990).
Fowler et al. (1986) and Benyon et al. (1988)) suggest a deep user profile including
gender, which Beck et al. believe enables a system to customise its interactions to fit
the user (although they do insist this is a sensitive issue). Diaper (1987) and Morris
(1986) go further to develop a more complex UM including details such as names,
spouse, children, home life, jobs, hobbies and leisure interests. Benyon suggests the use
of occupation and previous education as well as present mood and personality variables
which is felt can influence how users perceive a system and contribute to what they find
agreeable/ disagreeable about the system. These attributes may be classed as part of the
user’s cognitive model holding information such as preferred learning styles, preferred
feedtback and preferred exercise types (Fowler et al., 1986), Spall et al. (1990), (Elsom-
Cook; 1998) (Benyon et al. 1998).
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4.3.2 Student Model — Performance Indicators

Student models which are designed for educational AH systems also require data on
user performance, which can provide the system with information on how much
knowledge the user has gained and their performance during the session. To allow the
system to adapt dynamically and provide personalised guidance, performance variables
are required, such as those suggested by Cooper (1988), Benyon et al. (1988), Morris et
al. (1986) Fowler et al., (1986), Berry et al. (1987) and those proposed for the
ADAPTS system (Brusilovsky et al., 1999). Examples include:

correct and incorrect application usage

]

e the number and type of requests for help

e time lapses between input

e the number of errors

e the number of documents visited

e how far and the number of times backtracked

e time spent reading documents

e routes taken and the number of times documents were re-visited
e level of competence with system

history log of previous interaction and domain expertise.

Performance measures, which can also be inferred from logged data, may be used
to detect gaps in users knowledge (Zissos et al., 1985). Linton et al. (1999) also
suggests that the volume of logged data can indicate the level of the user’s expertise.
The reasoning behind this is that experts have the ability to plan better solutions as they
posses richer cognitive skills resulting in better performance compared with novices
who use trial and error and are more likely to take longer routes around an application
(Morris, 1986) (Fowler et al., 1986). This has also been Morris’ (1986) view, who
states that experts are more efficient in their selection strategies and therefore rarely

backtrack.
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Spall et al. (1990), Seta et al. (1997) and Murphy et al. (1997) present a more
detailed UM. Spall et al. (1990) identified two broad types of user models,: conceptual,
which is concerned with representing human cognitive processes and quantitative,
which deals with user performance data. Spall et al.’s work tested the hypotheses that
the user’s interactions with an application can provide the basis for a predictive
quantitative UM. Spall’s experiment did not accurately predict users’ expertise based
upon correct usage alone even when error times and time lapses were incorporated into
the model. Spall et al. stress the difficulty in predicting user expertise from usage alone
and recommend that other factors be taken into consideration for example work
envirenment, personal motivation, work pressures and stress. Seta et al. discuss the
importance of a static UM with an emphasis on end-user needs. They also state the need

for dynamic adaptation which can change individual properties.

4.3.3 Acquisition and Maintenance of User Model Attributes

As stated previously, for the system to make inferences about a user’s acquisition of

knowledge or expertise it requires certain information, which may be acquired in many

ways. Once the information is collected it may be updated during the interactive session
to reflect the user’s progress or acquisition of new knowledge. Generally, systems use
all (Gutkauf et al., 1997) or a combination of the following techniques (Spall et al.,

1990) (Fink et al., 1998) (Nill, 1997) and (Morris, 1986).

e Explicit user modelling - a form-style questionnaire, presented to users when they
first log on. However, this assumes the user can correctly describe their skill levels
(Spall et al., 1990) (Morris et al., 1986). The system then allocates a stereotype SM
to each user, which is updated during the session (Benaki et al., 1997).

e Implicit user modelling - the system can make assumptions by analysing, monitoring
and observing users’ performance with the system and then dynamically update the
SM.

e Goal directed modelling - is used to measure the abilities of a user which can not be
defived by explicit or implicit user modelling, for example by giving tests (Gutkauf
etal., 1997).

In general, student models are hidden from the user. However, providing access to

them is seen as vital for gaining the user’s trust and acceptance of the system (Strachan
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et al., 1997). Some applications do display current performance levels as a simple
indicator to the student of how well they are doing for example ‘See Yourself Write’
(Bull, 1997). Some models allow the user to edit their personal SM (Linden et al.,
1997). Murphy et al.. (1997) also suggest obtaining information explicitly from the user
by asking them directly i.e. the system uses the user to support decision making and

information filtering.

4.3.4 Adaptive Assistance and Help
Dynamic assistance is a major issue for adaptive teaching applications. Most AH

applications currently adapt the level or type of help given to individual users, for
example in Magic box (Plessis et al., 1995) the student has access to dynamic online
assistance called Dr. Clue. The help provided is tailored to the specific needs of the
individual, by analysing the performance up to that point. For this type of assistance the
system requires a richer understanding and information of the users knowledge and
beliefs (Ramscar et al., 1997). Hook (1927) suggests three classifications of help;

e User explicitly asks for help

e User asks for guidance -

e The system inspects interaction and then warns the user.

Error handling is another aspect of AH systems which needs to be considered. The
system needs to decide when an error has occurred, how it should be dealt with and
what information should be presented to the user as students prefer positive as well as
negative comments (Cohen et al., 1990). The SM can be used to handle errors as Rouet
(1992) found that factors such as age, literacy and previous experience were particularly
relevant in error handling issues. Errors can be dealt with in the following ways
(Morris, 1986):

e by the user with a specific CHANGE command,

by the system which gives no corrective advice;

(]

by the system which gives corrective advice when requested,;

by the system which always gives corrective advice;

@

by the system which takes automatic corrective advice.
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If error handling is computer controlled then decisions need to be made as to
whether to interrupt the user or not, or whether to allow the user to set an ‘interrupt’,

where only major errors will be made known to them.

4.3.5 Summary of User Modelling in AH
The concept of a SM is reflected in the traditional classroom environment, where

teachers also tend to build mental models of their students (Elsom-Cook, 1988).
However, Beck et al. (1997) do not feel that teachers think about individual students at
a very deep level of detail, they only use what they need and what is explicitly told to
them. In conclusion it is felt that a simpler SM would be more effective than a complex
modet as there is potentially an infinite number of such models (Elsom-Cook, 1988)
(Benyon et al. 1988). However, the use of simple student models rather than complex
has the potential for misjudging the variables due to generality of attributes.

SMs use implicit and explicit student modelling to aquire user information and use
this model to predict the user’s current acquisition and retention of knowledge. The SM
must hold static variables such as user characteristics as well as dynamic performance

variables.

4.4 A Survey to Construct a Student Model Framework
Due to physical and technical limitations SMs can only capture a limited degree of user

characteristics and complex cognitive and even performance processes. Therefore, a
SM must be limited to holding only information, which is relevant and representative of
the user. This section discusses an in-depth survey, which was carried out using
questionnaires, interviews and a focus group. The survey was carried out to establish a
generic framework for a SM, which could be used to build stereotype SMs for AH
systems. The aim of the study was to address the following issues;

e  What variables should be modelled in a SM framework?

e What level of detail is necessary for a SM?

e _How closely tailored to individual learners does the model need to be?

e Should the SM be visible to the user?
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4.4.1 Survey Technigues
The survey used the following user centred evaluation techniques, questionnaires,

interviews and a focus group. Session logging is another useful approach to user
modelling (Petrelli et al., 1999) but due to time and resource constraints could not be
used. The evaluation was carried out at the University of Southampton, on students who
had used Microcosm based learning applications to support their lectures. Users of
Microcosm were used in this survey so that some baseline could be established for their
responses i.e. all users were answering with respect to one system. Detailed
questionnaires were handed out to gain more specific information from the subjects on
their computing experience, personality traits and their views on Microcosm (Davis et
al., 1992). The questionnaires were handed out by the tutors during their laboratory
sessions, in which they used Microcosm based applications designed specifically for
their subject area. The questionnaire can be found in Appendix A. Tutors who ran the
sessions were given individual interviews. These were carried out to gather information
on how tutors felt about the applications they used in their lab sessions and the
implications for different types of users. At a later stage, a small focus group was set up
comprising eight first year medical students. This opportunity was used to extract more
in-depth views on the usability issues of Microcosm and ideas on improvements from
the real end users. To gain a wide response many departments were involved in the
evaluation.

This study was designed to investigate variables, which could be used in a SM and
attempt to filter out those which did not seem to bear any relevance within a university
level leaming application. Therefore, the general impact of the variables in the
questionnaire was measured by using correlation statistics. For example if a
significantly high positive correlation existed between the two variables; shy and a
novice computer user, it would be assumed that shy users are generally novices at using
a computer and therefore this personality trait would be an important variable for the

SML These generalisations were the incorporated into the SM.

4.4.2 Interview Results
Interviews were held to gain an insight into what tutors felt was lacking in the existing

CAL applications they used to support their lectures. In general, there was positive
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feedback on Microcosm as a hypermedia system, most lecturers enjoyed the freedom
given to the students by the system. However, some tutors felt that Microcosm allowed
too much freedom and the lack of structure did not aid the learning process as it was too
easy to get lost. Another problem highlighted was that Microcosm is ‘too open’ users
can open too many windows and become confused. It was suggested that the interface
needed improving especially for novices, possibly by restricting the number of
windows that can be opened. Tutors also liked Microcosm because of it’s ability to
maintain various types of data and the functionality presented to the user. One tutor felt
that Microcosm was the perfect student aid (given a few changes) and has been using it
to teach for over 6 years. On the whole it was felt that the linking features of
Microcosm are very useful but that the overall effectiveness of Microcosm depends on
the subject matter. It was also suggested that Microcosm lacked specific intelligent aid,

which they felt is the way forward for CAL type applications.

4.4.3 Focus Group Results
A focus group was set up which included eight, first year medical students from the

University of Southampton. By encouraging an informal discussion, the participants
were encouraged to talk freely and openly about their views. On the whole the students
enjoyed using the Pathology Application (Kemp, 2000) (authored in Microcosm) and
felt it was useful to them as a learning tool especially with a deeper information base.
However, they did make comments to help improve the application. One of the main
concerns highlighted was the lack of windows management control provided by the
system. A recurring problem was that the same image was repeatedly opened because
the original window containing the image or text got lost behind overlapping windows.
They suggested that the images could be tiled automatically so that more than one
could be compared. They also suggested that the application could close windows
automatically once the user started to work on the next question. It was suggested that
stugents with a lack of windows management experience could be educated on
windows management beforehand. The same problem was found with the multiple
choice question box (mcq). Some students preferred the mcq box to remain on top by

default but most wanted the choice. It was also suggested that the mcq box could be
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incorporated into the main text window. Therefore it would not be necessary to display
two main windows on the screen all of the time.

Another problem the students found was multiple clicking of the mouse buttons.
This mainly occurred because Microcosm does not make it obvious to the user that it-is
processing the users request as the arrow does not change. Therefore they suggested an
‘hour glass’ to be displayed each time the system is processing. System feedback to the
user is a necessary component of human computer interaction, it is important to keep
users informed and confirm that operations are being carried out (Perez-Quinones et al.,
1996). It was also evident from what was said that different students wanted different
levels of help and assistance. The most important issues to arise from this was that

different users had varying expectations from the systems.

4.4 .4 Questionnaire Results
This section presents the results from the questionnaire data. The aim was to establish

the variables or components required for a student model framework to develop
stereotypes. It is important to remind the reader that these results are taken from user’s
subjective opinions and personal assessment of their experience and skill levels. (The
data can be fond in Appendix O).

4.4.4.1 Computing Experience

When user’s were asked about their computing experience, it was found that male users
are more confident at using computers with 78% of confident computer users being
male and only 22% female. This was also the case with e-mail experience, with 73% of
experts being male and only 27% female, and the World Wide Web (WWW/ Internet)
with 81.6% % of experts being male and only 18.4% female. Similar results were found
with word processing and programming experience.

It was also found that users who class themselves as experts at windows
management are also experts at using a word processor, MS Office, e-mail and WWW
and are generally confident computer users. These users also tended to work with many
wil;iows open (many being more than 3) at one time and did not require much detailed
help or assistance.

Novice WWW users felt that Microcosm allowed too many windows to be on

display at one time which led to confusion, with some experts also agreeing. It was
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interesting to find that a very high percentage of subjects felt that Microcosm allowed
too much windows freedom.

The subjects who felt that they were experts on Windows management generally
felt that they could find any relevant documents within the applications when working
with Microcosm. These students also did not want the application to offer hints,
guidance or change automatically. A higher number of females than males felt that
Microcosm windows management allowed too much freedom. This was also the case
with users who classed themselves as novice at the following; Microcosm,
programming, e-mail, WWW and windows management. These results imply that
gendey could be a relevant attribute for a SM. General computing experience is also an
attribute which could be used by the system to adapt interface type features of an AH
system.
4.4.4.2 Computing Experience With Respect to the Various Departments
Analysing the results by department, it was found that the highest percentage of users
who classed themselves as experts On e-mail were from the Computer Science
Department at 55.6% and the highest percentage of novices were from the Medical
Department at 44%. Again the highest ;ercentage of experts on the WWW were from
Computer Science at 38.9% with the highest percentage of novices being from the
Language Centre 80% and Medicine at 64%. The highest percentage of experts on a
word processor were again from the Computer Science Department at 39%, Medical
Department at 38% and Archaeology Department at 37% and the highest percentage of
novices from the Language Centre and Oceanography Departments. Students from the
Computer Science and Mechanical Engineering Departments had the highest number of
confident computer users with students from the Archaeology Department being the
least confident. Computer Science again had the highest percentage of experts on
windows management at 38% with the highest percentage of novices belonging to the
Language Centre at 60% and Mechanical Engineering at 58%, Computer Science had
theTowest percentage of novices at 5.6%. These results highlighted the differences in
computing expertise within various departments of the university, with Computer
Science students having the most expertise in most applications and confidence at using
computers. These results also show that Medical students seemed to have the highest

percentage of novice users for most of the applications. It was interesting to find that
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although the Mechanical Engineering Department had a high percentage of confident
computer users they did not have a high percentage of experts on using the various
applications and had a low percentage of windows management experts. These results
suggest that this type of information i.e. the main subject/ department background of a
user, if held within a SM, could be used to predict a user’s confidence and experience
levels. These attributes may be used by the system to predict users experience and assist
the user while using the AH system.

4.4.4.3 Dynamic Assistance

It was found that both genders needed the same amount of help, although females did
find Microcosm significantly harder to use than males. In general, users who are
confidant at using computers wanted less help from the application. Users who watch
more than 15 hours of television per week, wanted the application to offer assistance
and they wanted the ability to ask the application for assistance

The subjects who felt that they could find the relevant documents within the
hypermedia application preferred to have the ability to ask the application for assistance
but did not require detailed help dynamically.

In general, most of the respondents wanted the option to ask the application for
help when they felt they required it. Most of the students preferred assistance in the
form of guidance or hints rather than detailed help. Confident computer users did not
want the application to provide automatic assistance whereas unconfident users did.

Only 50% of students from the Computer Science Department and 50% from the
Medical Department and all the subjects from the other departments wanted the
application to make suggestions. These results are significant in that if incorporated into
the SM, the system can establish what level of help or assistance a particular user may
require.
4.4.4.4 Relevance of Age
Younger users, i.e. those less than twenty one, felt that they were easily distracted while
wofki.ng on a computer but these users also felt that they could find the most relevant
documents easily. This outcome implies that there is some significance in the way
different age groups work on computers. However, age as an attribute in the SM would
require further research, which may prove difficult within a university environment, as

on the whole most undergraduate students are under 25.
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4.4.4.5 User’s Country of High School Education

It was also found that students who had studied at a high school overseas were slightly
less confident at using computers (34%) than students who had been to high school in
England (45%). This could be a result of language or cultural barriers.

4.4.4.6 Personality Characteristics

At a very general level, it was found that personality characteristics were significant
with respect to how users used or perceived a system. For example shy, quiet and
pessimistic users tended to find the system had a lack of windows interface control.
Again, these types of attributes would require further investigation. However, these
resulti do show that there is some significant difference in attitudes towards how users
with various personality traits work using computers.

4.4.4.7 User Information Icons

User were asked which performance indicators they would like to view or have access
to on the screen, to help them manage their session while using a CAL application.

Relevant documents not viewed

These documents would be documents within the hypertext application that the system
feels the user needs to view for their current goal (i.e. reason for using the application)
or skill level. Students from each department and from all the computing confidence
levels (novices as high as 88%) felt that this would be useful information, as did those
who watch more than 15 hours of television per week, females, novices at e-mail and
those who felt that they could not find relevant documents. However, users who work
with many windows open at one time (i.e. more than 3) did not require this type of
information displayed.

Current skill/ knowledge level with respect to the domain

The students from the Computer Science Department were the only group who did not
feel that this would be useful whereas the rest of the subjects did, as did users who
spent over 15 hours per week watching television and those who felt that they could
find-relevant documents.

Number of windows currently open

Users from all computing confidence levels felt that this would be useful information.

Type of errors made
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Only Computer Science students did not want information on errors they had made
displayed. The rest of the subject groups and unconfident computer users felt that it was
important and useful information to be made available to the users of an application.

Time variables such as session length

Indications of time could include the length of the session or time spent viewing a
document etc. Again, students from the Computer Science and Medical Departments
did not feel that this would be useful information, whereas the remaining subjects did.
Generally females, who spent more than 15 hours per week watching television,
novices at Microcosm and users who felt that they could find relevant documents also
felt this would be useful information.

Documents visited

Regular and confident computer users did not want this information but novices felt
that it would be important, as did expert WWW users. Students from all the
departments also wanted this information except for Computer Science and Medical
students.

These results give some indication of the type of information different types of

users would like to have access to while working on a CAL based application.

4.4.5 Survey Discussion
As expected, a higher percentage of males assessed themselves as experts in most of the

questions related to computing confidence and application experience. However, a
higher percentage of males answered the questionnaires than females. Again as
expected, experts on various computer application packages were also experts on
windows management and vice versa. Users expert at one application were also more
likely to be experts on the others as well. This maybe due to the transference of skills
within packages. This indicates that computing experience can be used to give an
indication of users experience levels and the type of assistance they would require.
There was a significant difference in computer literacy levels between students
frOl:‘l the Science and Arts faculties. It came as no surprise to find that Computer
Science had the highest number of expert computer users. The reverse was also true as

the Arts and Medicine had the highest percentage of novice computer users. Although

users who classed themselves as experts on a word processor did manage to span the
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subject divide where students from all the faculties felt they were experts. These results
indicate that a user’s educational background could be a useful attribute for the SM.

User’s interests, which many authors include in their user models did not seem to
reveal any significant findings. However, this area requires further investigation.
Obvious results were observed for students who watch many hours of television or
spend a large amount of time using a computer in that the more time a user spends on a
computer the more confident they are and the more time a user spends watching
television the less confident they are.

The user’s background, with respect to country of high school education, did not
effect the user’s expectations or use of the hypermedia system. Overseas students did
not ﬁ;ld Microcosm any easier or harder to use or want any more or less help than
students who had been to high school in England.

Again, personality variables were interesting but require further investigation. In
general personality variables were found not to be highly relevant to the interaction
process. However, traits such as shy, pessimistic and quiet were somewhat significant.
The user’s work/ home environment, number of children, the number of people they
live with etc. again did not seem to bear any influence on how the user interacted with
or accepted the application. Therefore it was felt that user’s background information
should not be included in a SM.

It was interesting to find that most users, irrespective of their skill level, wanted
detailed information when errors were made and wanted the ability to ask the
application for assistance rather than the system making changes automatically.

When asked how much intelligent support users required from an application, all
of the three suggestions presented were popular but each with different groups of users.
The results of the questionnaire showed, as expected, that computer experts require less
help from the system in the form of hints but novices prefer detailed help. Most users
felt it was important to be able to ask the application for assistance as required.

~There was also a distinct division between the performance indicators that the
expert and novice students wanted to be made available. Computing experts only
wanted the current skill level and time variables displayed. Whereas novices wanted
more information such as documents visited, documents not visited, windows open and

various fime variables.
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4.4.6 The SaDy Student Model
It was evident from the results that many of the variables recommended for use in a SM

from the literature review, were not useful in this case and too personal to effect user
interaction. However, the results from the survey did reveal some variables, which m;;ly
be of great importance for building a basic framework for a SM for use with
educational adaptive hypermedia applications.

From the results of the survey we proposed the SaDy SM i.e. the Static and
Dynamic Student Model shown in Figure 4-2. It is a very basic SM framework for
building stereotypes for use in adaptive educational applications, by extracting the
variables which could be used by the system to stereotype the user, and variables which
could be used to assess user performance and expertise of a user. As the literature
revealed there are two distinct areas of user modelling i.e. static and dynamic, where
the static holds user characteristic information and the dynamic holds performance type
data, which will be dynamically updated while the application is being used. Due to the
type of information held in the SM, the Varlables have been categorised into default,
previous and current data. The default data is static and will not change from session to
session, the previous data which is also part of the static model contains variables
which will be updated during or at the end of a session (this communication is
represented by two-way arrows). The current data, which is part of the dynamic model,
is used to adapt, assist and guide the user individually. This modular structure of SaDy
allows the extraction and insertion of categorised data, which should result in a reusable

and portable SM.

4.4.7 Problems With the Study
One of the main problems with this study was that a larger number of students from the

Science faculties took part in the survey than from the Arts. It was difficult to
investigate the significance of age in great detail as most of the student’s ages ranged
between 18-24. Again, establishing the relevance of user’s interests was difficult to

investigate given the time constraints.
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4.5 Using The SaDy Student Model in Future Work
As Figure 4-2 shows, the SaDy SM is very complex, and therefore too complicated and

difficult to test in a simple study. Also before attempting to analyse and test the model
it was necessary to collect relevant data. Therefore, it was decided to run two
experiments, one that focused on the static (and some dynamic) variables of the SaDy
SM and one that focused on the dynamic variables of the SaDy SM. As a result it was
decided that some simple adaptive hypermedia techniques would be used to verify and
test the SaDy SM. These experiments are described in the following chapters. For each
experiment a pre-session questionnaire was used to obtain information for the static
section of the SaDy SM and then a post-session analysis was conducted to refine the

SaDy SM.
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Chapter 5 Experiment 1- Investigating Static Adaptation

Techniques

5.1 Introduction

This chapter describes the first empirical study, which was designed to compare the
usability of two static adaptation techniques. Two applications were developed, an
Adapted Navigation Application and an Adapted Presentation Application. These were
compared to an existing (non-adaptive) Archaeology Hypermedia Application. This
experiment was also designed to verify part of the static SM derived from the first

survey.

5.2 Adapted Hypermedia Applications; Dating Techniques in Archaeology

The material used in this study was provided by the Archaeology Department at the
University of Southampton. The documents (and linkbase) was already held in digital
format for an existing hypermedia based course in Archacology. This application was
authored in Microcosm by an archaeologist and has been running in the department for
the past 3 years. However, only a subset of this application was used for the experiment
i.e. Dating Techniques in Archaeology. This existing application was used as the
control hypermedia application within this study, i.e. the non-adapted version of the AH
applications. The AH applications used the same material and content. The
Archaeology Department also provided a subject domain expert who revised the
material and the links for the applications. The domain expert also decided what would
be considered complex material for novice users.

It was decided that two forms of adaptation would be considered in this experiment
resulting in the development of the following applications. (The main differences
between each of the applications will be explained in more detail in the following
sections).

1. «An Adapted Presentation Application
2. An Adapted Navigation Application
3. A Hypermedia Application with no adaptation.

70



J. HOTHI 2000 CHAPTER 5

5.3 Implementation
The existing (non-adaptive) hypermedia application was implemented in Microcosm,

which was discussed in some detail in Chapter 2. Therefore, it was decided to
implement the two AH applications in Microcosm. Microcosm was also chosen
because it provides the freedom for storing link information in separate linkbases,
which is ideal for building adaptive systems. The applications were presented to users
so that they did not require any Microcosm functionality other than highlighted link
following and simple windows management, so there was no loss of generality in
interpreting the results. As the applications were adapted rather than adaptive, the links

were authored at design time.

5.4 Student Modelling Issues

5.4.1 Allocating Generic Student Model Groups
It was decided that the experiment would be kept simple by only supporting two

generic SM groups, as in the SATELIT 2 experiment (Akoulchina, 1997); content (or
domain) novice and content experts. ’

The previous study revealed the attributes that might be included within the static
section of a SM. It also discussed the acquisition of user information via explicit
student modelling. Therefore, in this experiment user information was gathered
explicitly by a pre-session questionnaire (which can be found in Appendix D). The
results of which were used to allocate each user a generic SM status, i.e. a content
expert or a content novice.

In all, there were three sections to the questionnaire; personal characteristics,
computing experience (system skill) and content (domain) knowledge. The current
domain knowledge was used to allocate each user to one of the SM groups. The
personality variables and computing experience were not used to assign SM groups,

although this information was used during the analysis stage.
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5.5 Application Design

5.5.1 Adapted Presentation Application

The Adapted Presentation Application only supported the shaded fragments of text
method of AH. The shaded fragments of text in this application were presented by
greying out the background of the text. These shaded fragments of text covered the
concept in extra detail e.g. detailed formulae or calculations. This complex shaded
information was the same information that was provided to content expert users via a
link in the Adapted Navigation Application (see section 5.5.2) (but was hidden from the
novicg users of the Adapted Navigation Application).

The domain model for the Adapted Presentation Application was the same as the
domain model for the existing control Hypermedia Application (see Appendix I). The
Adapted Navigation Application had a larger set of documents (for the content expert
group) because the complex information was in separate documents. All the users were
presented with the same set of document§ and links, and therefore only required the use
of one linkbase (the standard linkbase).

The user’s content knowledge 1eveljvas used to decide whether a user was told to
read the shaded text or to ignore it. Content experts were told to read the shaded text
and the content novice users were told not to read the shaded material. Figure 5-1
shows an example of the shading method of adaptive hypermedia that was used in the

Adapted Presentation Application. The highlighted links in the application have been

underlined for the purpose of this thesis.

5.5.2 Adapted Navigation Application
For the Adapted Navigation Application the user’s content skill level was used to

decide which of two linkbases would be activated for a particular user i.e. users were
assigned to either the content expert linkbase or the content novice linkbase. The
content experts were provided with additional links to complex information. (The same
complex information that was shaded in the Adapted Presentation Application). In
effect the complex information was hidden from (removed from the text for) the
content novice users. As a result this application held a slightly larger number of

documents (for the content expert group) in the domain model compared to the Adapted
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Presentation Application and control Hypermedia Application domain models, due to

the complex information that was held in separate documents.

5.5.3 Hypermedia Application — Non-adapted

The literature review (see Chapter 3) revealed that to successfully carry out an
evaluation of adaptivity it was necessary to compare the adapted versions of the
application to a well designed non-adaptive system. Therefore, the existing non-adapted
version of the Archaeology application was used as the control Hypermedia
Application. This application had been used successfully by the Archaeology
Department for the previous three years for undergraduate students. This control
appli(:ation presented the same links and documents to all types of users. This
application held the same set of documents that were used for the Adapted Presentation

Application and only used one linkbase (the standard linkbase) i.e. the same domain

model as the Adapted Presentation Application.
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now, it is poss1ble to cal&,ulate how rnuch time has passed since the sample was Iast =l
~ in equilibrium with the atmosphere. Thus a radiocarbon date relates to the time ‘
- elapsed since the carbon isotope ratios were fixed at the natural levels in the sample.
i For most laboratories, the range of application is from about 200 to 40,000 years

before the present.

. View diagram of the exchange of C-14 in the atmosphere with living organisms

{ How Accurate Is It? ;
Although.ra.dmc.a.thoa_daung has often been seen as the most usefitl dating technique | §
_ available to the archaeologist, it does have limitations. Unlike tree-ring dating, an

| exact year can not be assigned to a sample.

- The estimated date of any sample must be quoted with the error associated with tt,
. normally with a precision of one standard dewviation This only tells us that there is a
| 68% probability that the true age of the sample lies within the quoted range.

Figure 5-1  Example of the Shading Method of Adaptive Hypermedia
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5.5.4 Summary of Design
Table 5-1 below, presents a summary of the differences between the applications, the

linkbases that were used for each application and a clearer view of the differences

between the two SM user groups.

Application

Adapted Presentation

Adapted Navigation

Content | Expert | Read shaded text Extra links to complex
skill level f:ontainir.lg complex information
- information
Novice | Don’t read shaded text No links to complex
containing complex information
information
Number of linkbases | 1 standard 1 Expert
used 1 Novice
Table 5-1 Summary of the AH Application Design

5.6 The Pilot Study
A pilot study was set-up where two users carried out a basic evaluation study using the

two adapted hypermedia applications. The pilot was set up to investigate the evaluation
process and to validate the questionnaires and to establish the amount of time it would
take to answer basic questions. Only a sub-set of documents were used in the pilot
study, i.e. the radiocarbon dating topic documents. Each user answered a pre-session
questionnaire and then followed the instructions to answer the set tasks using each of
the three applications in turn. The questionnaire and tasks can be found in Appendix B
and C. The pilot study revealed that the tasks took longer than expected and therefore
the intended task list for the full scale sessions needed to be shortened. It also revealed

that some questions were missing on the questionnaires.

.

5.7 The Evaluation Study
In total, 19 subjects took part in the experiment, 9 from the Computer Science

Department and 10 from the Archaeology Department. Two laboratory sessions were

run for the evaluations due to space constraints. The participant’s current content
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knowledge on Dating Techniques in Archaeology and their computing experience
varied widely.

The evaluation session started by each user completing the pre-session
questionnaire (see Appendix D), from which each user was allocated a SM group, i.e.
content novice or content expert. The pre-session questionnaire covered some basic
questions on personality characteristics computing skill levels, current knowledge on
dating techniques in archaeology and current attitudes towards adaptive hypermedia in
educational applications. All the subjects were then instructed to use each application in
turn (each subject used each of the three applications during the session). They started
off by using the Adapted Navigation Application, followed by the Adapted Presentation
Application and finished by using the control Hypermedia Application.

The tasks set were different for each application and the content experts were
required to answer further, more specific questions (the tasks for each user group can be
found in Appendix E and G). These were designed to encourage the experts to either
read the shaded text in the Adapted Presentation Application or to follow the additional
links in the Adapted Navigation Application. This also prevented the problem of users
increasing their knowledge on tasks completed while using a previous application.
However, this still presented a problem for the study in that users felt more comfortable
using the applications as they went on to use the second and third. After completing the
tasks (which were presented on paper) for one application, the subjects were asked to
complete a short questionnaire asking about the usability aspects of that particular
application (these can be found in Appendix E and G). This was repeated for the other
two applications. At the end of the evaluation session the users were required to
complete another more general overall post-session questionnaire reporting on the main
differences between each application they used and their overall subjective preferences
(the overall post-session questionnaires for each user group can be found in Appendix F
and H). The questions on the post-session questionnaires asked the users for their
sub}egtive opinions on the adaptation techniques compared to the control application.

The results from this experiment are presented in the following chapter.
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Chapter 6 Results

6.1 Introduction
This chapter presents the results collected from the first adapted hypermedia evaluation

study described in Chapter 5. The results are split into three parts. In section 6.2 we
discuss the results with respect to each application to establish the differences if any,
between each. In section 6.3 we discuss the data in terms of the two generic SM groups,
to establish the differences in performance between each group. In section 6.4 we
discuss the subjective preferences of the subjects regarding adaptation techniques in

CAL. The discussion and the summary of the findings is presented in section 6.5.

-

6.2 Comparing Individual User Performance By Application
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Figure 6-1  Average Time Spent Per Document Within Each Application

6.2.1 Average Time Spent Per Document Within Each Application

Figure 6-1 shows the average time users spent viewing each node for each application.
Thé& graph clearly shows that a high percentage of subjects spent a large amount of time
Viewiﬁg each node while using the Adapted Navigation Application. The subjects also
spent a significantly greater amount of time visiting each node within the control

Hypermedia Application. A high percentage of subjects spent only a brief time on each
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node within the Adapted Presentation Application. These results are interesting,
because although users spent less time completing the tasks for the Adapted
Presentation Application, Figure 6-2 clearly shows that the percentage of tasks
answered correctly was also higher for the Adaptive Presentation Application comparfed
to the other two applications. The content novice users performed the worst on the

control application compared to the results form the AH applications.
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Figure 6-2  Percentage of Correctly Completed Tasks Within Each SM Group
for Each Application

6.2.2 Total Session Time For Each Application
The total time that each subject took to complete the tasks for each application were

analysed. No obvious pattern was observed, each student completed each session in
different times. However, on the whole the subjects tended to complete the Adapted

Presentation Application in less time compared with the other two applications.

6.2.3 Average Time Spent Viewing Relevant Documents Within Each
Application
An analysis of the average time users spent viewing relevant nodes within each

application was also carried out. The relevant nodes that were taken into account
included all nodes containing information required to answer the set tasks. On average,
most of the subjects spent less time viewing the relevant nodes while using the Adapted

Presentation Application compared to the other two applications.
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6.3 Analysis of Data With Respect To Each Generic SM Group

In this section, the results are presented by showing comparisons between the two SM

groups, i.e. content expert and content novice. The results shown are an average of each

SM group.

6.3.1 Average Time Spent Viewing Documents Within Each Application For
Each Student Model Group
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Figure 6-3  Average Time Spent Viewing Documents Within Each Application
for Each SM Group

Figure 6-3 shows the average time that each SM group spent per document for each
application. The graph clearly shows that for both the SM groups, the least amount of
time spent per document was within the Adapted Presentation Application. The graph
also highlights that the content expert group spent the least amount of time per
document within each application but the least in the Adapted Presentation Application.
It ig also clear from this graph that the content novice group spent more time per

document within each application, implying that they needed to spend more time to

understand the content. However, they did spend the least amount of time on each node
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within the Adapted Presentation Application compared to the other two applications,

which show similar results.

6.3.2 Average Time Spent Per Relevant Document Within Each Application For
Each Student Model Group
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Figure 6-4  Average Time Spent Viewing Relevant Documents Within Each

Application for Each SM Group

Figure 6-4 shows the average time that each SM group spent on relevant documents

(i.e. nodes which contained the relevant material to answer the tasks) within each

application. This graph shows that each group spent a similar amount of time viewing

relevant documents while using each application. Overall, the content expert group

spent less time viewing relevant nodes compared to the content novice group. The

content novice group also spent the highest amount of time viewing relevant document

within the control Hypermedia Application and the Adapted Navigation Applications.
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6.3.3 Average Session Completion Time For Each Application For Each
Student Model Group

35
g Content expert
g |
= g Content novice
o
£
£
Q@
E
-
= Adapted Adapted Control

navigation presentation

Application

Figure 6-5  Average Session Time Within Each Application for Each SM Group

Figure 6-5 shows the average time each SM group spent completing the tasks within
each application. The graph clearly shows that both groups completed the Adapted
Presentation Application in the least amount of time compared with the other two
applications. On the whole, content experts completed the applications quicker than the
content novice group, except for the Adapted Presentation Application where similar

completion times were observed.
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6.3.4 Average Number of Nodes Visited Within Each Application For Each
Student Model Group
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Figure 6-6  The Average Number Of Nodes Visited Within Each Application for
Each SM Group

Figure 6-6 shows the average number ofnodes that each SM group visited within each
application. Again, the graph shows that each SM group visited a similar number of
nodes within each application. Both SM@groups when using the Adapted Presentation
Application visited the least number of nodes. The content expert user group tended to

visit more nodes than the content novice SM group within each application.
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6.4 Subjective Preferences on Adaptation Techniques
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Figure 6-7 Subjective Preferences for Adaptation Techniques

Figure 6-7 clearly shows the differences between the pre and post-session
questionnaires. The graph highlights the shifts in preferences towards the acceptance of
adaptation within educational hypermedia applications. In the pre-session
questionnaire, a high percentage of subjects felt they would be more comfortable and
prefer to use conventional hypermedia applications and a very low percentage preferred
the use of AH. However, the post-session questionnaire presents a significant shift in
preference towards the Adapted Presentation Application with the acceptance of the
Adapted Navigation Application also increasing. Some of the subjects also suggested

that it would be useful to use several techniques in combination.

6.5 Discussion

This section of the report presents an analysis of the results gathered from the first
evaluation study. The discussion is divided into three parts. The first section talks about
the use and relevance of the static SM within the scope of the experiment. The second

section goes on to investigate the differences between the various forms of adaptation
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techniques that were used in the study. Finally section 6.6 concludes and summarises

the findings from the evaluation.

6.5.1 Verification of the Static Student Model
Even though the initial questionnaire was basic, it did appear to place each subject into

the correct SM group. This can be determined from the results where subjects within
each SM group exhibited similar working patterns. Ideally, it is necessary to obtain in-
depth knowledge of the user’s content and system skill levels, possibly via an on-line

questionnaire.

A correlation analysis was carried out on the data, which proved to be a very useful
meas;rement technique. For this analysis, each variable (e.g. computing confidence, e-
mail expertise, personality variables etc) was correlated against each of the other
variables in turn, to show which variables were significant to the way the subjects
worked and how they used the applications.

It is important to remind the reader of the results from the SaDy study that found
personality variables and gender relevant to how a user interacts with a system. There is
also a general acceptance within the user modelling community (Diaper, 1987), (Beck
et al., 1997), (Spall et al., 1990) that these are relevant variables for constructing a basic
framework for a student SM. However, within the scope of this study, personality
variables were not used to assign SM groups and were only used at the analysis stage
i.e. to test if users with certain personality traits performed in similar ways. The
analysis of these results showed only some positive correlation. The lack of a high
percentage of positive results from the current analysis could be attributed to the small
population sample that took part in the study as opposed to the larger sample, which
took part in the first SaDy study.

In general the results did show that pessimistic users tended to work with a
fewer number of open windows on screen at any one time. It was also found that shy
usexs preferred an educational application to offer as much context sensitive help as
possible and present a combination of adaptation techniques within one application than
less shy users.

It was interesting to find that the number of hours a subject watched television and

(as expected) the number of hours a subject used a computer during a week was very
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significant in how a user accepted and worked with a system. The results showed that
subjects who spent more than 15 hours a week watching television were generally
novice at using a word processor and users who spent less than 15 hours per week
watching television were experts. Similar results were found when analysing windows
management experience. There was also a high positive correlation between users who
spent less than 15 hours per week watching television and their expertise on the WWW
and e-mail. These subjects also worked with more than three windows on the screen at
any one time. Again, users who spent less than 15 hours per week watching television
felt that they had easily found the relevant documents within each application. It was
also found that these subjects visited a fewer number of nodes per application and
completed each set of tasks faster. As expected, the subjects who spent more than 15
hours a week using a computer were experts on most packages, worked with more than
three windows on the screen at any one time and felt that they were more experienced
in windows management.

Again, as expected, the number of windows the subjects worked with at any one
time also had some relevance to their experience on other packages. This also effected
the way they worked during the evaluation session. That is the more windows a user
works with at one time the more experienced they were on most of the packages listed
in the pre-session questionnaire. Also the subjects, who worked with more than three
windows open at any one time, in general managed to complete the set tasks in a
shorter period of time. Windows management experience e.g. resizing, moving etc. also
proved to be highly relevant to how well a particular user interacted with the system.
Experts were also experts on most of the packages 1.e. word processors, e-mail and the
WWW. Also, as expected, there was also a high positive correlation between the
number of windows a user works with and their windows management experience.

It was also interesting (but again expected) to find that there was a strong
relationship between windows management experience and the subject the user was
studying. A high proportion of the Archaeology students were novices at windows
management whereas Computer Science students were experts. These results mirror the

results obtained from the first survey.

85



J. HOTHI 2000 CHAPTER 6

6.5.2 Dynamic Student Model Attributes
As the graphs in this chapter show, the analysis produced some interesting results and

gave a good insight into which variables can be used to determine user’s content and
computer expertise dynamically. It is accepted that the use of time to assess or predict
user performance is a grey area as it is difficult to assess what a user is doing within a
particular timeframe without technology such as eye trackers etc. However, many
authors also feel that the time between mouse clicks can be relevant (Boyle et al., 1991)
and others agree that in general novices take longer finding target items (Young et al.,
1990). This study also found that the time spent viewing a document could be used as
an indicator of the level of content knowledge, since the content expert SM group spent
less time per document compared with the content novice groups. However, the average
time spent on relevant documents by each SM group proved to be a more significant
variable for predicting knowledge level than the average time spent on each document.
The content novice SM group spent more time viewing relevant documents than the
content expert SM group. These results were as expected due to the difference between
the knowledge levels of each SM group. That is, the content novice group was expected
to spend more time on each relevant document as they needed to learn and absorb even
the most basic material, whereas the content expert SM group either already knew the
basics or were recalling what they had learnt previously. The content expert SM group
also completed the study in less time compared to content novices.

The number of nodes visited is another variable that was found to be a significant
performance indicator e.g. to establish the user’s content knowledge levels, where the
content expert SM group visited a higher number of nodes within each application
compared with the content novice SM group.

In summary, during the analysis it became obvious that members of each SM
group worked in a similar manner. The number of links they followed, the time they
spent on each document and the total session times etc. were similar to other members
of the same group.

An obvious explanation for subjects spending, on average, a greater amount of
time viewing each node within the Adapted Navigation Application could be due to the
fact that this application was the first one the subjects were asked to use. So, this

application was used to absorb the material and create mental maps of the application
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structure. The results from Graph 6.1 are significant, in that although on average the
subjects spent less time per node within the Adapted Presentation Application the
percentage of correctly answered questions was higher for this application in

comparison to the other two applications.

6.5.3 Adaptive Techniques in Hypermedia
Although all the subjects had used some form of hypermedia, AH was a new concept to

most of the subjects who took part in the evaluation study. Therefore, when they were
asked in the pre-session questionnaire; which method of adapted hypermedia do you
prefer? A high percentage of the subjects chose the conventional hypermedia
application. The reason stated for this choice was that they preferred to have access to
all the material and all the links available within an application. However, after the
evaluation session they were asked the same question in the post-session questionnaire
and their views had dramatically shifted. A very low percentage liked the idea of the
control Hypermedia Application and a very high percentage preferred the use of the
Adapted Presentation Application with the Adapted Navigation Application also
%ecoming more appealing once it had been used. Some of the subjects even proposed
the implementation of a combination of adaptation methods within one application.
Again the reasons stated for these choices were that users could still have access to all
the material but could avoid wasting time reading material, which may be too complex
or irrelevant for their particular task. Also all the information would be available in case
they wanted to know more about a particular topic, i.e. no information was hidden from
them. Other statements given included;
e help focus on relevant material instead of wasting time shifting

through large amounts of text
e avoid getting lost, and
e it was easier to find relevant material.

These views were reflected in the answers given to other questions within the
que;tionnaire; 78% of the subjects felt that all the material within an application should
be made available to all types of users, ‘just like a conventional book’, and 63% agreed

that shading out fragments of irrelevant text reduced information overload.
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In summary, the subjects spent the least amount of time (on average) on
documents and on relevant documents within the Adapted Presentation Application.
The difference between the session completion times for each application was not
significantly different but on the whole it was the lowest for the Adapted Presentation
Application. An important finding was that each group correctly answered the highest

number of questions when using the Adapted Presentation Application.

6.6 Conclusion
Before concluding the results from this study it should be noted that due to the small

number of participants in the empirical study, the SaDy SM has not been revised since
the original diagram in Figure 4-2. However, in conclusion we can begin to construct a
set of variables for the SaDy SM that could be significant in predicting and analysing
user performance. The static SM could contain information such as the number of
windows a user works with, their general windows management, e-mail and WWW
experience and the time spent watching television and time spent using a computer per
week. These variables are important because it shows how computer literate a user is
(generally) and therefore provides some indication of how users interact with a system
as well as indicating the user’s navigational capabilities. The user’s educational
background, e.g. the subject the user has studied/ is studying, can also reflect user
experience. Personality traits such as shy, pessimistic etc. and gender (in combination
with other variables) can also affect the way a user perceives a system.

The dynamic section of SaDy SM could include variables such as, the number of
nodes visited, the average time spent viewing nodes, task completion time and the
average time spent on relevant nodes etc.

It is important to note here, that the users cognitive model of the application(s) is a
separate and more complicated issue and this area was deliberately left out from this
work. The user’s knowledge and mental maps of the application domain are very
important in building a full and detailed model of how a user interacts with a system.
Ho;/ever, the aim of this work was only to concentrate on looking into the variables,

required to build basic SM, which may be used for educational AH and how that

information could be used to predict user behaviour.
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This chapter presented a preliminary experiment using static AH methods in a
study, which was targeted to investigate the usability of the shaded fragments of text
technique of AH. To develop the shaded AH technique further it was necessary to carry
out another study, which combined adaptive presentation techniques with an adaptive
link technique.

The next chapter will discuss the design and implementation of a second
empirical experiment, which compared the usability of two AH techniques, shaded text
and dynamic ANS. Again, as explained at the end of Chapter 4, the SaDy SM was not
implemented in the study due to its complexity. However, data was gathered via
performance logs etc. to carry out a post-session analysis of the dynamic SaDy SM

variables.



Chapter 7 Experiment 2- Comparing Dynamic Adaptive
Techniques

7.1 Aim of the Empirical Study .
This chapter discusses the aim of the second study which was twofold; firstly to

investigate the usability and effectiveness of combining two AH techniques within one

AH application, and secondly to further explore the attributes of the SaDy Student
Model.

7.2 Comparing AH Methods
The survey presented in Chapter 4 introduced the variables of the SaDy SM. The first

exper;ment, which was described in Chapter 5, introduced the shading method of
adaptive presentation where the results showed that users positively accepted this
method of AH in educational applications. The aim of the second experiment, which is
discussed in this chapter was to further develop and investigate the usability and
effectiveness of the shading method of AH by combining it with a dynamic adaptive
navigational technique of AH. When considering the design of the AH applications it
was important to consider the following aims of AH applications in general:

1. To reduce information overload

2. To reduce cognitive overload

3. To provide dynamic navigational support

4. To allow all users (with any knowledge level) access to all the available material

The literature review in Chapter 3 covered the AH techniques studied within the
field of AH and highlighted the advantages and disadvantages of each technique. This
experiment was designed to draw on these studies to improve existing, or combinations
of complementary techniques.

The previous experiment (discussed in Chapter 5) found that the AH method of
shading fragments of text was a novel yet practical addition to the AH taxonomy.
Shading can be viewed as a form of stretch-text without highlighted links i.e. a form of
adaptable hypermedia. It also results in reduced cognitive overload with a reduction in
the number of visible links. However, this technique alone only proposed a solution to
issues 1, 4 and, to some extent 2 from the list above. So it was necessary to introduce

dynamic adaptive adaptation method(s) to approach issues 2 and 3. It was decided that
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these could best be solved using ANS techniques such as link annotation such as those
used in studies by Brusilovsky et al. (1995) and De Bra et al. (1998a). The link
annotation method results in a slight increase in the user’s cognitive load, but it is still
the most attractive method of ANS as users are presented with all available links and
nothing is hidden from them. Link hiding was not used as some studies found that users
did not like the hidden aspect and spent their time running the mouse over words to
search for hidden links (Da Silva et al., 1998).

This experiment used the material from the previous empirical study i.e. Dating
Techniques in Archaeology. Three applications were decided upon for the following
reasons. It was necessary to develop one application that included the shaded method of
AH and this application also needed to be tested in combination with an ANS method
of AH to produce a complete AH application. As discussed above the ANS method
chosen was one that had been proven to be acceptable by users in other studies i.e. link
annotation (Brusilovsky et al., 1998a). To validate the experiment it was necessary to
compare the application that combined the shaded method of AH with link annotation
with one that supported the same form of link annotation alone. Again, a control
application was required to make valid comparisons against, therefore the existing

Archaeology Hypermedia Application was used as the control.

7.3 Designing the Applications
The empirical study was designed to compare the usability, effectiveness and

acceptance of AH. Each application is discussed below.

7.3.1 Shading and ANS AH Application (A)
Application A was an AH application that supported two methods of adaptation; that of

shading (a static adapted form of adaptation) and dynamic link annotation (a dynamic
adaptive form of adaptation). Although, the shaded method of adaptation in this
experiment is referred to as adaptive, the shading of text was implemented statically at
destgn time it was therefore not a truly adaptive form of hypermedia. However, this
method can easily be made adaptive by using a similar approach to adaptive -
conditional text systems. I.e. where fragments of text can be shaded dynamically and
presented to users as they progress though an application depending on the users

current skill level.
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Within this experiment, each document had between zero and 3 sections of
shaded text. All users were presented with the same documents and links. Content
expert users were told to read the shaded text as they would be ready to understand the
content and the novice users were told to ignore it as it would be too detailed for their
current knowledge levels, although, they could read it if they so wished. ANS was
provided in the form of link annotation by changing the colour of links presented to
individual users. The method of ANS used within this study was adapted from
Brusilovsky’s study (1994), which used the traffic light metaphor for colouring the

links depending on one of four states (this is discussed further in section 7.4.1).

7.3.2 ANS AH Application (B)
Application B was the second AH application and only supported the ANS form of AH.

The method of link annotation was implemented in the same way as for Application A.
Within this application, text that contained complex information or formulae etc. was
placed in a separate document and the user was required to follow a link to view this
material. (This was the same text that Mv&vas shaded in Application A). Content expert
&sers were told to follow more complex«iﬁformation type links as they would be ready
to understand the content and the novice users were told to ignore them as it would be
too detailed for their current knowledge levels. However, they could follow these links

if they felt it would help them. Again, users were presented with the same documents

and links.

7.3.3 Hypermedia Application — Non-adapted (C)
The Hypermedia Application, Application C was used as the control application with

no adaptation. Although this application was based on the original Hypermedia
Application used in the previous study, (as in application B) complex information and
formulae were presented in a separate document and the users were required to follow a
link to view this material. All users were presented with the same documents and links.
Eaeh type of link was presented in blue regardless of the state i.e. visited, not-visited

etc.
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7.4 Structure of the Domain Model

7.4.1 ANS - Link Types
The ANS was only supported in Applications A and B. All the links were coloured blue

within Application C and therefore were not distinguishable.

Link types Status of the Link Colour of the Link

Not visited — (relevant) link Ready-to-be-learned Dark blue
Visited — link Learnt Dark blue and underlined
Not relevant link Not-ready-to-be-learned Magenta
Not visited - generic link (always ready) Ready Light blue
Visited — generic link Learnt generic links Light blue and underlined
‘More complex information’ - | Ready-to be learned Dark Blue
Not visited — relevant link

‘More complex information’- | Not-ready-to-be-learned Magenta
Not relevant link

‘More complex information’~ | Learnt Dark blue and underlined
Visited link

Table 7-1 ANS Code for Applications A and B

Table 7-1 shows the different types of links and their respective colours. The
ready-to-be-learned links were coloured dark blue. Each document within Applications
A and B contained a number of these links. As a user visited a document, the system
assumed they were ready to view other documents within the same concept cluster (CC
are explained in more detail in section 7.4.2.1). As explained previously, Applications
B and C included a special case of ‘more complex information’ type links, which were
links to complex information on the current document. (In Application A this more
complex information is given as shaded text in the same document). This extra
information was reached by following a link, which read for further information follow
thi; link’. For users of Application B, these ‘more complex information’ links were
classed and presented in the same way as the concept type links on the current

document. For example, if the user had followed a not-ready-to-be-learned link, 1.e. a

magenta coloured link, these ‘more complex information’ type links on that document
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were also coloured magenta. If the user followed a ready-to-be-learned link, i.e. a dark
blue link, the ‘more complex information’ type links on the document were also
coloured in dark blue and once visited these remained dark blue but were also
underlined in the same colour.

The set of not-ready-to-be-learned highlighted links were coloured magenta to
show the user that they were not ready for these documents. Reference or generic links,
were light blue links to topic summaries, glossary terms and images. Again, once
visited, these links remained light blue but were underlined in the same colour (i.e. all
visited links were underlined). Finally, at the end of each node was a list of contents for
that particular topic, this is discussed in section 7.4.2.3.

All possible links within the hypertext network were functional and users could
follow any link, even the not-ready-to-be-learned magenta coloured links. However, if
this type of link was followed the system would pop up a dialogue box on the screen
reminding the user that they are not ready for this particular document and should
therefore return to the previous document. Once the user clicked ‘OK’ on this dialogue
box the document would still be displayed and it would be up to the user if they closed
the document and returned to the previous one or continued to read the new document.
At this point the ANS was disabled until the user returned to the correct source
document (i.e. the one from which they followed the not-ready-to-be-learned link).
Although all the links were functional, users were advised to traverse only the dark blue
(concept) links and the light blue (generic) links. The idea behind the ANS was only to
support and aid users, it was entirely down to individual users if they did or did not
follow the advice provided by the system.

In summary the link annotation mechanism used the following algorithm:

1) Follow link

2) Display destination document

3) System accesses the database to establish the status of the links to be displayed

_4) If the link followed is a ready-to-be-learned link display all links with relevant
colours and underline link to source document to show it has been visited

5) If the Iink followed was a not-ready-to-be-learned link pop up dialogue box

stating that the user is not ready to view this information and should return to

94



J. HOTHI 2000 CHAPTER 7

previous document and freeze the status of all links until the user has returned
to the source document.
In effect, the application held an implicit model of the user where the system knew

which documents the user had visited within each concept cluster and which were not

visited.

7.4.2 Domain Model
Any AH system must have complete knowledge of the set of relevant documents for

each concept and have knowledge of which concepts need to be learned before others
i.e. a complete representation of the domain model. The structure of the domain model
was based on the existing Archaeology Hypermedia Application. The concepts were
divided into Concept Clusters (explained below) and each concept was presented within
a set of (one or more) documents. The overall domain model can be found in Appendix
L
7.4.2.1 Concept Clusters (CC)
The domain model was developed by placing all the Dating Techniques in Archaeology
documents within one of the five sub-headings in Dating Techniques in Archaeology,
i.e. Radiocarbon Dating, Hydration Layer Dating, Thermoluminescaence,
Dendrochronology and Microscopy. Each topic was then split into four Concept
Clusters (CC), which resulted in 4 levels of content detail i.e. CC 1-Basic Concepts,
CC2-More Information Concepts, CC3-Detailed Concepts and CC4-Complex/ Difficult
Information Concepts. This is shown in Figure 7-1. Finally the individual concepts that
comprised each Concept Cluster were presented within one or more documents. These
documents were a combination of the text documents and the three types of generic
documents. These are described in section 7.4.2.2. The structure described in Figure 7-1
was used for Application A. Applications B and C had a similar domain model as
Application A but also had additional links to ‘more complex information’ type
documents (whereas for Application A, this same information was left in the document
but;haded out).

Basically the user needed to first learn the concepts in CC1 before the system
will allow them to visit documents in CC2 and again the user must complete and learn

CC2 before the system would allow them to visit CC3. This was also the case for CC4.
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7.4.2.2 Generic Type Documents

Three types of generic reference documents were designed: Type A which gave a brief
summary of the current topic, Type B which were glossary type documents and Type C
which were images and diagrams. All the generic documents were reached only via
generic type links. The generic links to these documents were distinguished firstly (for
Applications A and B) by the colour of the link ie. light blue, and secondly the
difference between the types of generic links was made explicit in the document text
itself (for all the applications). That is, links to Type A generic links were distinguished
by the topic name being highlighted. For example, ‘Radiocarbon Dating’ was
highlighted in light blue, which indicated that this link would lead to a summary of this
particular topic. Type B generic links were distinguished because glossary type terms
such as ‘carbon’ were highlighted in light blue. Finally, links to images etc were
distinguished because the text read that ‘to see a diagram of ...... follow this link’. At
the start of the session the users were informed about the differences between each type
of generic link. However, for users of Application C all links were the same colour i.e.
blue, including generic links.

7.4.2.3 Tables of Contents as Hypertext Overviews.

Many of the studies in the reviewed literature talked about the importance of preventing
users becoming disorientated by providing some navigational assistance. Some systems
use graphical views as a navigational aid but this approach would only work for small
hypertext networks. For a highly connective network, graphical displays would lead to
information overload (Conklin, 1987) and it would be impossible to display on-screen.
Some studies on the use of hypertext have shown that browsing through a table of
contents 1s a preferred approach over other types of methods (Capmpagnioni et al.,
1989). Therefore it was decided to include a linked contents list at the bottom of each

document. This content list only referred to documents within that particular topic area.
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Figure 7-1  The Domain Model

7.5 Implementing the Applications
Applications A and B were designed to provide ANS in the form of link annotation.

This was achieved by dynamically changing the colour of links and underlining all
visited links. Only one linkbase was used for each application implying that all users
were presented with the same links. This was simply because dynamic ANS was used

to individualise the status of links to each user.
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7.5.1 Developing a Filter for Microcosm
Again, Microcosm (Davis et al., 1992) was used to develop the applications. This

hypermedia system was chosen for several reasons but the most relevant being the
simplicity of authoring hyperlinks. For a detailed discussion on Microcosm see Chapter
2. The only functionality of Microcosm that was used in the applications was the use of
highlighted links and simple windows management i.e. as in the WWW. Therefore,
there was no loss of generality when using the Microcosm Hypermedia System in the
study. Another important point to note here is that in Microcosm generic links are not
highlighted, however, for the purpose of this study, they were.

Tg support the AH applications it was necessary to design and implement a new
filter for Microcosm. The aim of this filter was to support the link annotation for the
ANS in the AH applications. The filter annotated the links in two ways;

1. dynamically change the colour of links
2. underline visited links

Dr. Ian Heath from the Multimedia Lab developed all of the coding for this filter at
the University of Southampton. The algorithm for changing the colour of links was
described in section 7.4.1.

A Microsoft Access database was created, which held all the relevant
information for each document set within both the AH Applications A and B. The
database held the title of each document, the unique identifier, etc. It also represented
the relationships between each document and which Concept Cluster they were in. The
domain structure was explained in section 7.4.2. This database was used by Microcosm
to make decisions on the current status (colour) of each link depending on which

document the user had already visited.

7.5.2 The Student Model
The advantages of modelling the user’s knowledge have been the subject of much

debate over the years. The literature review revealed two opposing views; the model
buiﬂif;rs who feel that detailed models are essential in individualising applications
which although powerful are quite complex (Orwant, 1991). On the other hand we have
the model breakers who question the benefits of using complex SMs and the benefit of

them to the teaching process (Sandberg, 1987). The literature review on the evaluation
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of AH applications revealed that most studies to date only support simple SMs which
represent stereotypes and not individuals (Brusilovsky, 1998), (Da Silva, 1998), (De
Bra et al., 1998a), (Kaplan et al., 1993). Most studies tend towards a simple approach
on the grounds that even if it is partially successful, it will facilitate the evolution and
adoption of more powerful modelling techniques.

As discussed at the end of Chapter 4, it was decided that the proposed SaDy SM
was too complicated to test in a small study, so only a basic SM was used in this
experiment. However, investigating the SaDy Student Model was still an objective of
the overall project and was investigated in a post-study performance based analysis.
Relevant information was collected during the evaluation sessions by the questionnaires
and Io:g files and analysed at the end of the study.
7.5.2.1 Establishing User Knowledge

Some systems assume that learning has taken place by the fact that the user has visited
a document (or by passing a test). In most studies, knowledge in AH systems is
considered ‘learnt’ by the user reading/ visiting a document (Da Silva, 1998) (Trella et
al., 2000). Therefore, although no SM was held explicitly for the users by the system,
the AH applications assumed the user had ‘learnt’” once they visited a document and
‘not learnt’ if they had not visited a document. Also the system assumed that the user
had not learnt if a document was visited via a not-ready-to-be-learned link.

Although not used within this study, another method that can be used by the SM to
assess user’s progress is the notion of time. Time in a SM is a very important concept

and was investigated during the analysis of the experiment.

7.6 The Evaluation Study

7.6.1 Running The Study

In all, 32 participants took part in the study, 22 male and 10 female. The subjects were
a mix of post-graduate students from the Archaeology and Computer Science
Departments at the University of Southampton. The pre-session questionnaire and
quegti\ons revealed (as expected) that all the Archaeology students were classed as
content (domain) experts and all the Computer Science students as content novices.
Content (domain) level within this experiment refers to the user’s knowledge level on

the subject domain i.e. Dating Techniques in Archaeology. It is also worth pointing out
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that all the users had some experience of using computers, i.e. they all had some
windows management skills but were not all necessarily system experts.

The participants who took part in the study were randomly allocated to one of the
three applications. This was done by listing each participant and randomly assigning 11
names to Application A, 11 to Application B and the remaining participants were
assigned to Application C. A week before the first evaluation session was due to start
the participants from the Archaeology Department were given a short lecture on how to
use Microcosm and a brief introduction to the aims of the research. The participants
were told about the set up of the study and what was required of them and were also
given.the pre-session tasks (see Appendix J) to answer on paper (these tasks were the
same as they received during the evaluation session). The tasks were designed in a
multiple-choice question (MCQ) format to make it easier to analyse the answers. The
participants were also given the pre-session questionnaire (see Appendix K) and were
asked to complete the tasks and pre-session questionnaire during this preparation
session. The Computer Science students were already familiar with Microcosm and
therefore did not required a lecture on the use of Microcosm. However, the aims of the
research were explained in detail. They were also given the pre-session questionnaire
and the same set of tasks to answer as the Archaeology students. Again, they were
required to complete and return these before their evaluation session.

Each user arranged a separate time to visit the lab and carry out the session. As the
sessions were carried out on an individual basis, it was possible to videotape each
session. At the start of the session the participants were given the same set of tasks as
the pre-session tasks (again, presented on paper). However, this time the aim was to use
the application to help answer the questions during the sessions.

During the session the participants were encouraged to ‘think aloud’ i.e. talk
through what they were thinking as they used the application. The evaluator was
present throughout each session to video tape the session and in case of problems. The
parﬁcjpants were also encouraged to ask questions if they encountered problems. Each
user was presented with the same first page on Dating Techniques in Archaeology. This
was simply an introductory page with a linked contents list containing an entry for each
main topic. Subjects were able to answer the tasks in any order they wished and were

directed to navigate using only the highlighted links. No user, not even the computer
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scientists attempted to use any of the Microcosm functionality. At the end of the
evaluation session each participant was given a post-session questionnaire Some of
these questions were the same as the questions in the pre-session questionnaire and
were added to test if subjective attitudes had shifted following the session. The rest of
the questions concentrated on the attitudes towards the application itself. Although the
pre-session questionnaire was the same for each participant the post-session
questionnaires differed slightly and were tailored to each of the three applications. The
questionnaire designed for Application A users can be found in Appendix L. The
questionnaire designed for Application B users can be found in Appendix M, and The

questionnaire designed for Application ¢ users can be found in Appendix N.

-

7.6.2 Evaluation Techniques
The literature review revealed that evaluation studies carried out within the field of AH

are scarce. The studies that have been carried out are mostly informal or used a small
number of subjects. This study was aimed at presenting a detailed investigation into the
usability and the effectiveness of AH methods within the field of education, by using a
structured approach to evaluation.

Figure 7-2, which has been adaptéd from (Nielse‘n, 1990) shows the various areas of
usability which may be studied and the dashed arrows show the areas of usability that
were investigated within this study (with respect to the AH applications and not the
hypermedia system). The usability attributes for hypertext systems are explained in
more detail in Chapter 3. The literature also showed that authors used conventional
qualitative and quantitative evaluation methods to study AH applications. The
evaluation techniques used in this study were pre and post-session questionnaires,
observation techniqﬁes using a video camera, software logs, and think aloud
techniques. To measure subjective satisfaction, users were asked directly using the pre
and post-session questionnaires. When filming the video camera was set up to capture
the user’s face, reactions and the computer screen. It was also possible to establish a
preeise time log using the video recordings. The performance logs were collected
autorﬁatically by the hypermedia system. The logged data showed individual trails

through the application for each user.
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This experiment involved the comparison of three applications. Two AH applications

were developed one supporting ANS and shading and the other only supporting ANS.

The third application was used as a control Hypermedia Application without AH

techniques. The evaluation study used a combination of techniques to gather

information in an effort to investigate the usability, acceptance and effectiveness of the

different types of applications. The following chapter presents the results obtained from

this study.
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Chapter 8 Results From Experiment 2

8.1 Introduction
The results presented in this chapter are divided into 2 main parts. The first section

presents the results for the main usability areas, which were investigated during the
study; subjective opinions, learnability, ease of use and flexibility. This section is
followed by an analysis of user performance data. A discussion and overall conclusion
follow these two sections.
The applications will be referred to as Application A, B and C with respect to the
following:
o Application A= the AH application with ANS (in the form of dynamically changing
the colour of the highlighted links) and the shading of fragments of text
e Application B= the AH application with ANS (in the form of dynamically changing
the colour of the highlighted links) only
e Application C= the Control Applic‘ation which was a hypermedia application with

no AH techniques.

8.1.1 Statistical Tests

Table 8-1 below shows the tests which were performed on each set of data

Sets of data | Measure Type of | Relationship of | Test of | Test of | Measure
analysed and data analysed data significance correlation | of
compared difference average
Comparison  of | Non- Ordinal repeated Wilcoxon Spearman Median
pre-post parametric

questionnaire
results for each

participant
3 sets of | Parametric Ranked independent ANOVA Pearson Mean
application usage
data
3 sets of | Non- Ordinal Independent Kruskal-Wallis { Spearman Median
application parametric H
questionnaire
data
- Table 8-1 Statistical Tests

Pearson’s and Spearman’s tests of correlation describe the relationship between two
variables. Both produce a correlation coefficient as a result. Spearman's correlation is
used for parametric data (ordinal scale) and Pearson’s correlation is used for non-

parametric data (interval scale). The Wilcoxon test is applied to repeated measures or
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matched pairs. This test was used to examine the differences between the participants’
scores in the pre and post-session questionnaires. The result of the test investigates the
direction and the size of the difference. The Kruskal Wallis test is similar to the Mann
Whitney test but compares the results of two or more groups. The ANOVA test was
used to compare the difference in the means of the results. This test was also followed
by the independent t-test to establish where the differences lay.

Most of the tests were carried out at the 5% significance level (i.e. probability of
0.05) unless otherwise stated. Some of the tests presented a hypothesis (Ho), where the

null hypothesis is stated as Hn.

8.2 S;ijective Opinions

8.2.1 Attitudes towards the Use of Computers in Education

As the literature review revealed, it was important to assess users’ views on the
provision of dynamic assistance or help provided by a learning application. In the pre-
session questionnaire users were asked if they preferred to ask the application for
assistance when required; 90% of respondents agreed that the user should ask for
assistance, 3% were not sure and 6% disagreed. Only 48.5% felt that the application
should offer assistance dynamically, 27% were not sure and 24% disagreed. Users were
asked, if intelligent tutoring systems would be more beneficial if both options were

available to assist them. Only 33% agreed, 15% were not sure and 51.5% disagreed.

8.2.2 Requirement for Having Tutors Present While Using CAL

When asked if tutors should be present while students use CAL applications, 66% from
the pre-session questionnaire agreed. However, this decreased to 53% after the
evaluation session. The percentage that were not sure increased from 18% to 30% and
the percentage of users who disagreed remained roughly the same.

Ho= There is a difference in the pre and post study attitudes of the subjects towards the
presence of a tutor while using a CAL package.

Hn= There is no difference in the subjects attitudes toward the presence of a tutor while
using a CAL package before and after the study

Using the Wilcoxon test for significance of difference, at the 5% significance level we

can say that the result of p=0.02 is statistically significant. Therefore we can reject the
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null hypothesis and conclude that there is a difference between the subject's pre and
post-session attitudes towards a tutor being present while using a CAL application.
About half of each content skill level group still felt that a tutor should still be

present while students used CAL based applications.

8.2.3 Comparing CAL and Lectures

When asked if users enjoyed using a computer when studying, 84% agreed and 15%
were not sure. However, no user disagreed. In the post-session questionnaire users were
asked if they preferred CAL applications to paper based learning methods. There was
an equal split where 31% agreed, 33% were not sure and 33% disagreed. These results

were broken down into each application user group which can be seen in Table 8-2.

I preferred CAL to paper | Agree | Disagree | Not

based learning methods sure
Application A 5 2 4
Application B 2 7 2
Application C 2 2 6

Table 8-2 Preference of Cal to Paper Based Learning Methods

When asked if CAL packages can complement lectures, the figures remained
roughly the same pre and post-session. The percentage agreeing increased by 4% and
the percentage that were not sure reduced in the post-session response by 6%, from 9%
to 3%. All respondents felt that CAL could complement lectures. When users were
asked if CAL packages could be used instead of lectures, again the results remained the
same pre and post-session, with only 18% of the subjects agreeing, 27% not sure and
51% disagreeing.

When asked if users preferred lectures to CAL, 4 users from Application A agreed,
5 were not sure and 2 disagreed. 8 Application B users said they preferred lectures to
CAL and 3 were not sure. For Application C users only 1 said they preferred lectures to
CAt., 6 were not sure and 3 disagreed. Out of the users of Applications A and B, who
found the ANS confusing, 47% said that they preferred lectures to CAL, 39% were not

sure if they preferred lectures to CAL and 13% said that they did not prefer lectures to
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CAL. There was also a great difference between the skill level groups where 80% of

content experts and only 17% of content novice users preferred lectures to CAL.

8.2.4 Attitudes to the Access of Information while Studying

Users were asked in the pre and post-session questionnaires whether information should
be hidden from the user if they are not yet ready for it. In the pre-session questionnaire,
only 23% agreed, 27% were not sure and 49% disagreed.

The pre-session questionnaire also asked if users felt that the advantage of using
books was partly because they could access any part of the text, 75% agreed, 21% were
not sure and only 3% disagreed. Respondents were also asked if they preferred lectures

because they were only exposed to information that they were ready for, 21% agreed,

24% were not sure and 54% disagreed.

8.2.5 Acceptance of Adaptive Hypermedia

Participants were asked in the pre and post-session questionnaires whether AH is a
beneficial concept in supporting CAL applications. 57.6% agreed in the pre-session
questionnaire, this increased to 66.7% in the post-session questionnaire. 33% were not
sure if AH could be useful, this percentage decreased to 15.2% in the post-session
questionnaire. These results are shown more clearly in Figure 8-1, where it can be seen
that all users felt that AH was a beneficial concept.

Ho= There is a difference in the pre and post-session attitudes towards the acceptance
of AH

Hn= There is no difference in the pre and post-session attitudes towards the acceptance
of AH

Using the Wilcoxon test for significance we can say that the result of p=0.03 is
statistically significant. Therefore we can reject the null hypothesis and conclude that
there is a significant difference in the pre and post-session attitudes towards the
acceptance of AH. Also a high percentage of content experts (86%) and content novice

(80%) agreed that AH is a useful concept.
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percentage
pre questionnaire

B post questionnaire

agree not sure

answer

Figure 8-1  AH is a Beneficial Concept
In the post-session questionnaire users were asked if they enjoyed using their particular
application, 7 Application A, 7 Application B and only 4 Application C users agreed.
When all users were asked if they would consider using their application as a CAL
pggkage, 81.8% agreed, 12% were not sure and 3% disagreed. Again by breaking these
results down into each application user grmip, 10 Application A users, 8 Application B
users and 9 Application C users felt that they would like to use their respective

applications again. No user said that they would not use the application again.
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8.3 Learnability

8.3.1 Finding Relevant Information

- Percentage

Agree Not sure Disagree

Answer

Figure8-2  Could find The Information Quickly and Easily

All the users were asked if they could find the relevant information to answer the tasks
quickly and easily while using the application. The results are shown in Figure -2,
where it can be seen that the highest percentage that agreed was from the Application A
user group. The highest percentage to disagree was from the Application C user group.
To test if the users were answering the questions as truthfully as possible this question
was asked again but re-phrased and similar results were found. Table 8-3 presents some
general statistics. The results ranged from 1 (agree) to 5 (disagree). The mean was the
lowest for Application A implying that most users agreed that they found information
quickly and easily while using Application A.

Ho= There is a difference between the user groups of each application in their opinions
on whether they found relevant information quickly and easily.

Hn— There is no difference between the user groups of each application in their
opinions on whether they found relevant information quickly and easily.

The result from the Kruskal Wallis test (p=0.006) was significant and therefore we can

reject the null hypothesis and accept that there is a difference between the opinions of
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the user groups of each application in their opinions on whether they found relevant

information quickly and easily.

I found information | Mean | Min | Max
quickly and easily value | value
Application A 2.1 1 3
Application B 2.5 2 4
Application C 3.3 2 4

Table 8-3 Ease of Finding Information

Of the users of Applications A and B who found the ANS confusing, 50% felt that
they could find the information quickly and easily and 50% were not sure. Out of those
that did not find the ANS confusing, 68% felt that they could find the relevant
information quickly and easily, 25% were not sure and 6% felt that they did not find
information quickly and easily.

Out of the Application A user group, 7 out of the 11 users who all found the
shading useful also said that they found the relevant information quickly and easily.
Even the users who did not find the shading useful still felt that they could find the
nformation quickly and easily.

60% of content experts felt that they could find the information quickly and easily

compared to only 52% of content novice users.

8.3.2 Re-visiting Nodes
Users were asked in the post-session questionnaire if they needed to revisit documents
to complete the set tasks, 8 Application A, 10 Application B users and 10 Application

C users agreed. This is discussed further in the performance analysis in section 8.6.

8.3.3 Acquisition of Knowledge

In the post-session questionnaire users were asked 2 questions relating to their
acquisition of knowledge on Dating Techniques in Archaeology (DTA). Firstly they
were asked if they had picked up any general knowledge on DTA and secondly they
were asked if they had learnt the basics in DTA. Out of the users from Application A, 8
agreed with the first question. However, all agreed that they had learnt the basics. For

users of Application B only 5 agreed with the first statement, 5 were not sure and 1
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disagreed. However, 9 agreed that they had learnt the basics after using the application
and 2 were not sure. Only 6 Application C users felt that they had learnt a little after
using the application and 3 were not sure. However, 8 felt that they had learnt the basics
of DTA and 2 said that they were not sure.

Ho= There is a difference in each user group’s subjective opinion on their acquisition of
basic DTA knowledge between each application.

Hn= There is no difference in each user group’s subjective opinion on their acquisition
of basic DTA knowledge between each application.

Using the Kruskal-Wallis test the result of p=0.35 was found not to be statistically
significant. Therefore, we must accept the null hypothesis and conclude that there is no
difference between each user group’s subjective opinion on their acquisition of basic

DTA knowledge between each application.

8.4 Ease of Use

8.4.1 The Application Was Confusing to Use
Users were asked if they found their particular application confusing to use. 2 users
from Application A agreed. 8 users from Application A, all 11 from Application B and
7 users from Application C disagreed. This question was repeated but phrased
differently to test if users were answering the questions as truthfully as possible. Again
similar results were found.

Out of the Application A user group, all those who found the shading of fragments

of text useful did not feel that the application was confusing to use.

8.4.2 AH Techniques
It was interesting to establish if users of Applications A and B felt that their application
contained too many AH methods in one application. Only one user from the
Application A user group agreed with this statement. 3 from Application A and 3 from
Application B were not sure. 7 users from Application A and 8 from Application B
disagfeed. By combining these two groups, half of the users who found the application
confusing to use felt that the application maintained too many AH techniques.

Out of the Application A user group, those who felt that shading of fragments of

text was useful, did not feel that Application A supported too many AH techniques.
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And out of those who felt that the shading was not useful, half were not sure if the
application supported too many AH techniques and half disagreed.
Of the Application A and B user groups who found the ANS confusing, half felt

that the application supported too many AH techniques.

8.4.3 Feeling Lost and Disoriented

All users were asked if they became lost and disorientated while using the application.
Only one user from each application agreed. 9 users from the Application A user group,
9 from Application B and 9 from Application C disagreed.

Ho= There is a difference in each application user group’s subjective opinion if they got
lost afid disoriented while using their particular application

Hn= There not a difference in each application user group’s subjective opinion if they
got lost and disoriented while using their particular application

Using the Kruskal-Wallis test the result of p=0.87 is not statistically significant
therefore we must accept the null hypothesis and conclude that there is not a significant

difference 1n these results.

8.4.4 Usefulness of the Table of Contents

All users were asked if the table of contents was a useful navigation aid. All the users
from the Application A user group agreed, 8 Application B users agreed with 1 not sure
and 2 disagreeing. 9 Application C users also agreed with only 1 disagreeing. When
asked if the table of contents provided some idea of the structure of the hypertext

network, nearly 100% of users agreed.

8.4.5 Understanding the Adaptability of the Applications

When asked if understanding the adaptability of the system was easy, 8 users from
Application A and 8 from Application B agreed.

Ho= There is difference between each user group in the understanding the applications.
Hn= There was no difference between each user group in the understanding the
applications.

The Mann Whitney test (p=0.8) showed that the difference between each user group

was not significant and we can therefore accept the null hypothesis.
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7 out of 11 Application A users felt that the shading method of AH was easy to
understand and also useful. Out of the Application A and B users, 50% of those who
found the ANS confusing, felt they could understand the adaptability features of the
system and 50% were not sure. Out of those who did not find the ANS confusing fo
use, 81% felt that they understood the adaptability and 18% were not sure and no one
disagreed. Table 8-4 shows that a higher percentage of Application A users felt that

ANS was useful compared with the users of Application B.

Application | The guidance given | The guidance given by the
by the coloured links | shaded text was useful
was useful
A 10 7
B 7 -

Table 8-4 Guidance Provided by the Applications

8.5 Flexibility

—mzn

8.5.1 Shading of Text Fragments

U;ers of Application A were asked if the &héding of the fragments of text disrupted the
reading flow, only 1 user agreed and the remaining 10 disagreed. For those users from
the Application A user group who found the application confusing to use, half felt that
the guidance provided by shading was useful while the other half were not sure. Out of
those who did not find the application confusing to use most agreed that the guidance

was useful.
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Expert
EiNovice

Agree Not sure Disagree
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Figure 8-3  The Guidance Provided by the Shading was Useful by Content
Knowledge Level

The Application A user group was asked if the shading of fragments of text was
useful, 8 agreed, 2 were not sure with 1 disagreeing. Figure 8-3 shows that a higher

percentage of novices agreed that the shading was useful compared to content experts.

8.5.2 Users Feeling in Control of The Application
All users were asked, if they felt in control of the application they used. 8 Application
A, 9 Application B and only 6 Application C users agreed. This can be seen in more

detail in Table 8-5.

Application | I felt that I had control over the system

Agree Not Disagree | Total
sure
A 8 2 1 11
B 9 1 1 11
C 6 4 0 | 10

Table 8-5 Contrel Over the System

Out of those who found the application they used confusing, half felt that they

did not have control over the system. Out of those who did not find the application
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confusing to use, 84% did feel they had control over the system, 11% were not sure and
3% did not feel in control. Out of the Application A user group, those who felt that the
shaded text was useful, all felt they had control over the system. Those from
Application B who found the application confusing to use did not feel that they had
control over the system. Out of the users who did not find Application B confusing to

use, 9 felt that they had control over the system.

8.5.3 Guidance Provided By the Applications
All users were asked if the guidance provided by their particular application was useful.

The results for Applications A and B are shown in Figure 8-4. 9 Application A users
agreed compared to only 5 from Application B and 2 from Application C. Half of the
Application C users disagreed.

Of the Application A and B user groups who did not find the ANS confusing
most felt that the guidance provided was useful. Out of all those who did not find the
ANS confusing, nearly three-quarters said they enjoyed using the application. Of those
who felt that the ANS was confusing, half felt that the guidance provided by the

application was useful and half-disagreed.
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Figure 8-4  Guidance Provided by the Application Was Useful

8.5.4 The Guidance Provided by the ANS
8.5.4.1 Guidance of ANS

The users of Applications A and B were asked if the ANS led to confusion. Only 1
Application A user and no one using Application B agreed. 8 Application A users and 8
Application B users disagreed. Of the Application A user group those who felt that the
shaded text was useful also felt that the ANS did not lead to confusion. In fact, all the
users of Application A agreed that the guidance provided by the ANS was useful.

Out of the users of Application A and B, only 11% of content experts and 14% of
novices felt that the ANS led to confusion, i.e. 70% of experts and 64% of novice did
not find it confusing. The results were found to be similar for both sets of users.

Users of Applications A and B were also asked if the guidance provided by the
ANS was useful. The results are presented in Figure 8-5. 10 users of Application A and
7 from Application B agreed. Out of the Applications A and B user groups, even those
who found their application confusing to use agreed that the guidance provided by the
ANS was useful. Table 8-6 shows some relevant statistics. Out of the Application A
and B user groups, 89% of content expert users and 71% of content novice users felt

that the guidance provided by ANS was useful.
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The guidance SD Median | mean | Min Max
provided by the value | value
ANS was useful
Application A 2 0.49 1.9 1 3
Application B 2 0.84 2.4 1

Table 8-6 Guidance Provided by the ANS

Expert
ENovice

Agree Not sure Disagree

answer

Figure 8-5  Guidance Provided by ANS Led to Confusion by Content
Knowledge Level

8.5.4.2 Distinguishing Between Various Types of Links

8 users from Application A and 8 from Application C said that they found the links
within the text useful with 1 not sure. Again, out of the users who felt that their
application was confusing to use, all felt that the links within the text were useful.

Of the Application A and B user groups, half of those that felt the ANS led to
confusion agreed that they could distinguish links they had already visited. Out of those
that‘ did not find the ANS confusing, 93% felt they could distinguish visited links and
7% disagreed. Out of the Application A user group, 9 said that they could distinguish
links they had visited. These results were the same when users were asked if they could

distinguish between the not-ready-to-be-learned and reference type links. Even out of
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the users who felt that their application was confusing to use, all said that it was easy to
distinguish links they had already Visited. These results are presented in detail in Table
8-7 which highlights similar results for Applications A and B compared to Application
C. Table 8-8 presents some general statistics, which also show the difference between
the AH applications and Application C.

The next set of hypotheses and results determine if any differences existed between
each (of all three) application user groups when distinguishing the different types of

links.

Ho= there was a difference between users being able to distinguish visited links within
each z;pplication.
Hn= there was no difference between users being able to distinguish visited links within
each application.

The Kruskal Wallis test showed that the result was significant p=0.00. Therefore
we can reject the null hypothesis and accept that there was a difference between the
user groups in distinguishing visited linlg.

Ho= there was a difference between users being able to distinguish ready-to-be-learned
links within each application.

Hn= there was no difference between users being able to distinguish ready-to-be-
learned links within each application.

The Kruskal Wallis test again showed that the result was significant at p=0.00.

Therefore we can reject the null hypothesis and accept that there was a difference

between the user groups in distinguishing ready-to-be-learned links.

Ho= there was a difference between users being able to distinguish reference type links
within each application.
Hn= there was no difference between users being able to distinguish reference type
links within each application.

The Kruskal Wallis test showed that the result was significant again at p=0.001.
Therefore we can reject the null hypothesis and accept that there was a difference

between the user groups in distinguishing reference type links.
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Due to the significant results found in the Kruskal Wallis tests it was necessary to
compare each user group result with that of the other two groups to establish where the
differences lay. Therefore, the Mann Whitney test was carried out comparing
Applications A and B, A and C, and B and C. The results showed that no significant
difference existed between the results of Applications A and B. A highly significant
difference was found between Applications A and C, and B and C. This implied that
there was a significant difference between the results from the AH applications
compared to Application C.

Remarkably, 100% of the content expert users felt they knew which links to follow
next whereas only 52% of content novice users agreed with this statement. This could
be du; to the fact that the experts had prior knowledge of the subject and were therefore
more likely to know. Again all expert users and only 39% of content novice users felt
they could distinguish the ready-to-be-learned links to follow. Surprisingly, 80% of
content experts and 43% of content novice users felt it was easy to distinguish links
they had visited. However, 80% of content experts and 60% of content novice users
could distinguish the reference type links. This is a good result compared to

distinguishing other types of links.

Application

A B C

I could distinguish | Agree 9 8 0
visited links Not sure 1 2 4
Disagree 1 1 6

I could distinguish | Agree 8 9 1
the  ready-to-be- | Not sure 2 2 4
learned links Disagree 1 0 5
I could distinguish | Agree 9 10 2
reference links Not sure 11 0 2
Disagree 0 1 6

Table 8-7 Distinguishing Various Types of Links- Percentages
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Application | SD Median | Mean | Min | Max

value { value

It was easy to A 2 0.81 2 1 4
distinguish links I B 2 0.9 22 1 4 -
ha already visited C 4 0.8 4 3 5
It was easy to A 2 0.7 1.9 1 3
distinguish  ready- B 2 0.6 2 1 3
to-be-learned links C 4 1 3.8 2 5
It was easy to A 2 0.5 2 1 3
distinguish B 2 0.7 2.1 1 4
reference type links C 4 1.1 3.8 2 5

Table 8-8 Distinguishing Various Types of Links- Descriptive Statistics
8.5.4.3 Ready-to-be-Learned (next-relevant) Links
Users from Applications A and B were asked if they followed the ‘ready-to-be-learned’
links because they were helpful and most users agreed. However, most also admitted to
following the red ‘not-ready-to-learn’ links too.

8.5.4.4 Reference/ Generic Type Links
Out of the Application A and B user groups, even those who found the ANS confusing,

felt that they could distinguish reference type links. These results are discussed further

in the following sections.

8.6 Analysis of User Performance Logs

8.6.1 Introduction

This section investigates various aspects of the user performance logs. The logged data
was used to investigate the differences in user performance between each application.
The automatic logging software did not log the time variable, therefore this attribute
was measured in seconds using a time-set function on the video recorder. Although this
task took a great amount of time during the analysis stage it proved to be most
advantageous. This was because during the analysis it was possible to establish the
exact time that the user was looking at the screen and thus climinate any time where the

user may have left the desk or taken a break for any other reason.
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The ‘document reading’ time includes the time users spent viewing and reading the
documents, scrolling through the document, deciding which link to follow next and
clicking on the link. The ‘question reading’ time refers to the amount of time users

spent reading the tasks which were set on paper.

8.6.2 Following Generic Type Links

Application | Mean no. generic (type A, SD Max
B and C) documents visited val.
A 6 5.6 21
B 5.8 3.7 11
C 2.8 1.9 6
Table 8-9 Mean Number of (Total) Generic Type Links Followed in Each
Application
Applic | TypeA | SD | Max | TypeB | SD | Max | TypeC | SD | Max
ation | generic val. | Generi val. | generic val.
c
A 2.4 1.66 4 2.4 4.5 17 1.1 1.5 5
B 0.6 1 3 2.6 2 7 2.6 2.9 8
C 0.3 0.67 2 1.8 1.6 5 0.7 0.67 2

Table 8-10 Mean Number of Different Generic Type Links Followed in Each
Application

Type A generic documents; Mean number of generic topic summary documents opened
Type B generic documents; Mean number of generic glossary documents opened

Type C generic documents; Mean number of generic image documents opened

Table 8-9 shows the average number of (total) generic links that were followed by each
application user group. Table 8-10 shows the mean number of generic links followed
by each application user group broken down by the three generic link types.

_Both tables clearly indicate that the Application C user group followed a much
lower number of generic links compared with users from Applications A and B, which
have similar means. Again, the maximum number of generic links followed was only 6
for Application C users and up to 21 for Application A. This is not surprising as the

Application C users could not distinguish these types of links. However, for
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Application A and B users it was the opposite case as they could distinguish the generic
links and therefore were more inclined to follow them.

The ANOVA test was carried out to establish if a difference existed between the
total number of generic links followed by each application user group. The result of
p=0.16 showed that the differences were not significant.

However, the ANOVA test (p=0.001), showed a significant different between the
number of Type A links followed by each user group. Therefore, an independent t-test
was carried out to establish where these differences lay. The only significant differences
were found between the number of Type A generic links followed between
Appligations A and B (p=0.04) and Applications A and C (p=0.01). Therefore, we can
say that the number of generic links followed by Application A users was slightly
higher than for Applications B and C. However, a significant difference was also found
between the number of Type A generic links followed between Applications B and C
(p=0.04).

80% of content experts and 91.3% of content novice users followed 1 or more
generic links (all types). 70% of content experts and 35% of content novices followed
one or more Type A generic links. 70% of content experts and only 35% of content
novice users followed one or more links to glossary terms on the current topic. 40% of
content experts and 83% of content novice users followed one or more generic glossary
type links (i.e. Type B).

60% of content experts and 60% of content novice users followed between 1 and 8
links to images. Table 8-11 shows the percentage of users who followed one or more of
each type of generic link. The results show that the content expert users tended to
follow more Type A and B generic links compared to novice users, whereas a similar
number followed links to images and diagrams. The results found for Type A generic
links could be due to the topic introduction pages having enough information on the
topic for the current knowledge levels of the novice users. Experts however, may have

neéded to recap on existing knowledge.
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% of users who followed one or more
generic links
Type A Type B Type C
Content 35 35 60
Novice
Content 70 70 60
Expert

Table 8-11  Mean Number of Generic Type Links Followed by Each SM Group

65% of content experts and only 30% of content novice users did not follow any
Type B generic, glossary links. Experts may not have required the extra help or the
novice users may have needed further basic information. 60% of novice users visited
between 1 and 3 (and 22% between 4 and 17) Type B generic glossary links, whereas
only 40% of experts followed between 1 and 3.

8.6.3 Time Spent Viewing Generic Type Documents

.

Type A | SD | Max Type B |SD | Max | TypeC | SD | Max
val. - val. val.
App. A | 124 11.9 |45 4.7 6.5 |21.6 |37 4.7 1 16.5
App.B |53 9 223 |45 35 1103 145 43 1115
App.C | 14 3 8 5 39 114 52 6.9 | 20

Table 8-12  Mean Time Spent Viewing Generic Documents

Type A generic documents: Mean time spent viewing generic summary documents:
these gave an overview/ summary of the topic.
Type B generic documents: mean time spent viewing generic glossary documents

Type C generic documents: mean time spent viewing image documents

Table 8-12 shows the average time, S.D. (Standard Deviation) and maximum time in
seconds each application user group spent viewing each type of generic document. The
tabE: shows that the users of Application A spent a greater amount of time per topic
summary document, i.e. Type A, at 12.4 seconds compared to Application C users at

1.4 seconds. However, the time for the Application A users does have much higher SD.
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Interestingly a high positive correlation was found between the number of generic
links that users followed and the average time they spent viewing Type A generic
documents (= 0.593). Also, a very high positive correlation was found between the
mean time users spent viewing Type C generic documents and the total session time (==
0.536). Again, the correlation found between the time users spent viewing Type C
generic documents and the mean time users spent viewing documents (i.e. not including
generic documents) was also quite a significant result i.e. p= 0.352.

Pearson’s correlation coefficient p= -0.465 shows a high negative relationship
which implies that Application C users spent more time viewing Type A generic

documents than the other two groups.

-«

Most novice users spent less than 13.3 seconds per Type A document and all
expert users spent more time per Type A generic document. 50% of content experts
spent between 4-5 seconds viewing images and 60% of novice users spent between 6-
20 seconds viewing the images, perhaps because they need more time to decipher the

images.

8.6.4 Number of Nodes Visited

Application | Mean no. of nodes visited Sb Min value Max
(minus all generic value
documents)
A 24 7.2 17 40
B 33 12.7 18 50
C 26 4.2 23 37

Table 8-13 Mean Number of Nodes Visited

As can be seen from Table 8-13, Application A users visited a fewer number of
documents compared with users of Applications B and C. This was expected because
they were not required to follow 'more complex information' type links within each
document. More complex information type links in Applications B and C were links to
complex information that was presented by shading out in Application A. The mean
number of documents visited by Application B users was the highest at 33. This was
expected as users were encouraged to follow the ‘more complex information’ type links

and hence visit more documents. However, the mean number of documents visited by



J. HoTH1 2000 CHAPTER 8

Application C users is far less than was expected. This may be due to users of
Application C not feeling safe navigating too far into the hypertext, which would
ultimately result in them following too many links and possibly getting lost.

The ANOVA test was carried out to establish if the difference between the number
of nodes visited (not including generic documents) visited between each application
user group was significant, the result of p=0.06 shows that this result was significant at
the 10% level.

Therefore, the independent t-test was carried out and the main significant
difference was found between Applications A and B at p=0.04. (With equal variances
not assumed). This reflects the nature of the applications i.e. users of Application B
were expected to follow the ‘more complex information’ type links to documents
containing complex information whereas this information was present within the
document in Application A as shaded text.

Again the relationship between the total time users spent reading the questions and
the average time users spent viewing a document (not including generic documents)
was a highly significant positive correlation (r=0.712), i.e. the longer a user spent
reading the questions the longer they spent viewing a document.

It was also found that quite a high percentage of content novice users, i.e. 51%,
visited a maximum of 25 documents (not including the generic documents) or less.
Whereas 80% of expert and 47% of content novice users visited a total of 25-50

documents, i.e. experts tended to visit more documents.

8.6.5 Time Spent Viewing Nodes

Application | Mean time spent | SD Min | Max
on each document value | value
opened

A 28 11.7 18.3 64
B 22 6.6 152 | 33.84
- C 30.6 7.8 16.9 | 40.6

Table 8-14 Mean Time Spent Viewing Nodes

Table 8-14 shows the mean time spent viewing nodes by each application user group (it

does not include generic type documents). It can be seen that the users of Application C
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spent the greatest amount of time per document at 30.6 seconds and had the lowest S.D.
Application A users were a close second at 28 seconds and Application B users spent
the lowest amount of time with 22 seconds. The S.D. for Application A was the
highest, implying a large time range for which different users spent viewing documents
while using Application A. The higher result for Application A was expected due to the
nature of the adaptive technique i.e. the shaded text was added to each relevant
document for this application; whereas for the other two applications more complex
information was on a separate short document. This explains the lower mean time users
spent viewing documents in Application B. The higher SD for Application A can be put
down to the fact that some users did read the shaded text and some did not. The high
time for Application C could be put down to the users of this application being given no
assistance of any sort from the application, and therefore feeling the need to read each
document in more depth.

The ANOVA test (p=0.01) showed a significant result. Therefore, we can say that
there is a significant difference between the time users spent viewing documents within
each application.

In general most content experts spent less than 18 seconds per document.
However, the range was wider for the content novice user group. 70% of the content
experts spent less than 23.9 seconds per document, whereas only 34% of novices spent
less than 23.9 seconds per document. On the whole, most novice users spent more than
23 seconds per document 1.e. more time than content experts.

Regarding the total time users spent viewing the questions, i.e. question reading

time, all content experts spent less than 194 seconds in total and 47% of novice users

spent 196-261 seconds reading the questions.
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8.6.6 Re-visiting Nodes

Application | Mean No. of| SD Min | Max
documents revisited val. val.

A 4 3 1 11

B 6.6 5 1 16

C 5.3 1.5 3 7

Table 8-15  Re-visiting Nodes

Table 8-15 shows the mean number of documents re-visited within each application.
Application A users re-visited the least number of documents compared with the other
two groups. Application B had the highest mean but the mean was slightly less for
Application C. However, Application C had the lowest SD. It is interesting to note that
the minimum number of nodes re-visited by Application C users was 3 as opposed to 1
for each for the other two applications. Also, for Application C the highest number re-
visited was 7 as opposed to the much higher values for the AH applications. This
indicates that although Application C users did re-visit documents they were cautious,
as the maximum value of 7 indicates, and the users of the AH applications navigated
more freely.

Even though it was a subjective opinion from the users it was interesting to find
that all Application C and 10 Application B users felt that they needed to re-visit
learning material. However, only 8 users from Application A felt they needed to re-visit
nodes. The ANOVA test produced a result of p=0.22 which is not significant, i.e. the

number of documents re-visited by each user group was not significant.

8.6.7 Following Not-Ready-to-be-Learned Links
Table 8-16 shows the difference between the number of not-ready-to-be-learned links

followed by Applications A and B users.

Application Mean no of not-ready-to- SD

- be-learned links followed
A 2 1.9
B 2.33 1.32

Table 8-16  Following Not-Ready-to-be-Iearned Links
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The table clearly shows that there is not a great deal of difference between the number
of not-ready-to-be-learned hyperlinks followed by users from either application. 3 users
from Application A and 2 from Application B did not follow any not-ready-to-be-
learned links. 3 users of Application A and 1 from Application B followed one not-
ready-to-be-learned link. 3 Application A users and 2 Application B users followed 4 or
more links. The questionnaires revealed that the users who followed not-ready-to-be-
learned links did so because they felt that the answer was at that destination document.
On the whole most of these users were right. This is explained in more detail below.

It was also found that 91.7% of the novice user group and only 66.7% of the expert
user group followed one or more not-ready-to-be-learnt links, i.e. the content novice
users followed more not-ready-to-be-learnt links than content experts.

The independent t-test (p=0.65) showed that the difference between the number of
not-ready-to-be-learnt links followed by Application A and B user groups was not
significant.

s

8.6.8 Following ‘more complex information’ Type Links

- i

=

Application Mean no. of ‘More- Min val. | Max val.
information’ links followed
B 3.8 0 16
C 2.9 0 7

Table 8-17  Following ‘More Complex Information’ Type Links

Table 8-17 only refers to Applications B and C as the documents were designed to
encourage users to follow ‘more complex information’ type links. The table shows that
users of Application B followed a higher number of ‘more complex information’ type
links (16) than users of Application C (7). Showing again that Application C users were
more cautious- maybe because they could not distinguish these links or did not find
them important. Again, the independent t-test (P=0.5) showed that the difference
bet;ife.en the number of ‘more complex information’ type links followed by Application

B and C user groups was not significant.

Interesting, only 30% of content experts and 57% of content novice users followed

‘more information’ type links.
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8.6.9 The Mean Number of Tasks Answered Correctly

Application Mean no. of SD | Mean no. of tasks SD
tasks answered answered
correctly incorrectly

A 13 1.4 0.6 0.7

B 12.2 1 0.2 0.4

C 12.9 0.87 0.5 0.7

Table 8-18 Mean Number of Tasks Answered Correctly

Table 8-18 shows that there was a slight difference between the mean number of tasks
answered correctly between each application group. However, this difference was not

found to be significant.

8.6.10 User’s Anticipation of Destination Documents

Two questions on the task list were phrased in such a way that users could make a
relatively accurate guess as to which link they could follow to find the answer. One was
a question on Radiocarbon Dating that contained the same keyword as a not-ready-to-
be-learned hyperlink. Users were expected to ignore the advice provided by the system
and follow the not-ready-to-be-learned link. 5 Application A users, 7 Application B
users and 5 Application C users went directly to the right document. This shows that
even users who follow the advice provided by the application will override the advice
if they are sure they can find the right document using a more direct path. A second
question of this nature was on (Obsidian) Hydration Layer Measurement. However, this
question was phrased less obviously and the results were quite different. Only 1 user
from Application A and 1 from Application B felt they could reach the answer directly
from the first page. However, 5 Application C users attempted to reach the documents
directly. This maybe because they were not restricted by the adaptation and were freer
to follow any link. On the whole the topic on Obsidian posed a few more problems than
the other topics. Most users spent the greatest amount of time viewing each node and

-

visited more nodes within this topic.
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8.6.11 The Usability of the Shading Method of Adaptive Hypermedia

An important aim of the study was to investigate the usability, effectiveness and
acceptance of the shaded method of AH used within Application A. The video
recording was used to ascertain if users were viewing i.e. reading or scanning through
the shaded text. This was also a more direct way to determine if the shaded text was
intrusive in any way to the reader. On the whole, a high percentage of users of all three
applications tended to run the mouse over the lines they were reading on the document.
Therefore this made it easier to determine if users were reading or at least viewing the
shaded text. The post-session questionnaire results showed that the users of Application
A were extremely positive in accepting this new form of AH. Watching their interaction
with the application on the video film reflected this. The video recordings showed that a
very high percentage of the content novice group viewed the shaded text within each
topic, even though they were told they were not required to. (By the same token 1t was
interesting to find that some content experts did not view the shaded text within certain
topics). All Application A users, regardless of their knowledge level read or viewed the
shaded text within one or more document. That is, all users viewed the shaded text.
75% of content novice users and only 40% of content experts felt that the shading

technique was useful.

8.7 Discussion

8.7.1 AH in Education
In general, computers and learning software seem to be accepted by students as a

possible aid to learning. This was reflected in that all the participants in the study said
they enjoyed using a computer while studying. It was encouraging to find that all the
participants felt AH was a beneficial concept and could compliment conventional
lectures. It was also encouraging to find that an increased number of participants felt
that they would use a CAL application after the evaluation session. This showed that
the=users felt comfortable with the application they used and that AH was a more
beneﬁcial concept than they may have originally thought. When asked if tutors should
still be present while students used CAL applications the percentage that agreed fell

after the session. This shows that the users formed a positive attitude once they had
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used the CAL applications and implies that the applications provided significant
guidance that was acceptable by the users.

In the pre-session questionnaire users were asked if they preferred using books as
they could access any chapter or section. A very high percentage agreed, implying that
they do not accept the idea of hiding information when studying, even if they are not
knowledgeable about the subject. This result was reflected in the answers to, ‘should
information be made available if you are not yet ready for it?” where a very high
percentage agreed. On the other hand, a very low percentage of users felt that lectures
were useful because they only exposed them to limited information. These results
highlight the importance of making all material available within a learning application
and could explain the wide acceptance of the shading method of AH. This may also be

why users have not accepted hidden links in previous studies.

8.7.2 Comparing Applications
It was very interesting to find that although Application A users had a higher overhead

compared to the other two applications, a higher percentage of Application A users
agreed that they could find the information they required quickly and easily. Even
though they had an increased overhead with the ANS and shading. These results
indicate that the presentation of information using shading does not lead to confusion or
result in information overload as users still felt that they could find relevant
mformation.

On the whole, most users found the shaded fragments of text useful. This was
reflected in the user’s opinions, i.e. that shading did not disrupt their flow of reading or
obscure the text in any way. It was not expected that a higher percentage of content
novice users found shading text useful compared to content experts. This implies that
shading could be a very useful technique to encapsulate complex material that is
exposed to novice users as opposed to expert users.

It was encouraging to find that a higher percentage of novice users (at least) viewed
theshaded text in Application A compared to the number of content novice users who
foHoWed the ‘more complex information’ type links in Applications B and C. This
indicates that links could still prohibit users viewing extra material. Although it was

difficult to assess if users actually read the shaded text or not, the video recordings did
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show that most users of Application A did at least skim over the shaded text. This could
be seen as the users (in fact, most of the subject who took part in the study) tended to
run the cursor over the sections of text they were reading. In some cases the shaded text
was on the screen as users were looking at the screen, again implying that the shaded
text was at least viewed/ skimmed over even if not read.

9 users of Application A felt that the guidance provided by the their application
was useful with only 5 Application B users and 2 Application C users agreeing. The
result for Application C was not surprising, as the users had no support or guidance
provided by the application. However the result obtained for Application B users was
surprising as they were provided with ANS and had no other overheads. This implies
that users accepted that a combination of AH techniques is required for a CAL
application to be beneficial and that ANS alone is not enough and that the shaded text
and ANS was a supportive combination. It also implies that even a well-designed
hypermedia application does not provide relevant support.

A higher number of Application A and B users felt they had control over their
applications, whereas a lower number felt this way regarding Application C. This was a
positive result indicating that AH provides users with some control and guidance
compared to hypermedia applications. This highlights the importance of providing
users with a sense of control which ultimately affects their attitude, confidence and the
way they manipulate and navigate around the application.

On the whole, a high percentage of users said they did not find their particular
application confusing to use and they did not feel lost or disoriented. This implies that
ANS was not confusing to users (even for those who had used AH for the first time).
This is an encouraging result. However, it was found that a slightly higher percentage
of content novice users felt that ANS was confusing compared with content experts.
This problem arises probably because content novice users are trying to learn new
material and at the same time attempting to understand the ANS coding. One solution
to this issue is to design simpler annotation to make it easier for content novice users.

On the whole, a higher percentage of Application A user’s found the ANS useful.
This maybe because they felt that it assisted the shading technique, which alone may
not be as useful. It was positive to find that even users who found the ANS confusing to

use felt that the guidance provided by their application was useful. Again, this implies

131



J. HOTHI 2000 CHAPTER 8

that although ANS is useful it requires refinement. It is important to point out that
although some users did feel that the ANS was confusing most could still distinguish
the different types of links.

With respect to generic links, a higher percentage of* content experts followed
generic links compared to novice users. It was not surprising to find that Application C
users followed a fewer number of generic links compared with the other two
application groups, probably because they could not easily distinguish between the
different types of links. Interestingly, twice the percentage of content experts compared

to content novice users said they could distinguish between the different types of links.

8.7.3°SM Variables
This study also investigated some variables that could be used by the SaDy SM to

predict user expertise or assist in guidance decisions based on performance indicators.
The study emphasised the relevance of users educational background in a SM i.e. the
subject of study. Another variable that was found to be relevant for a SM was the
number of nodes visited. Again, this study like the first empirical study also highlighted
the importance and possible relevance gf“time’ as one type of performance indicator
for a SM in an educational AH system. These differences between the domain expert
and domain novice users were highlighted in the performance logs. It was found that a
higher percentage of content experts (compared with novice users) spent a greater
amount of time viewing the topic summary documents. This maybe because experts
still needed to recap on some of the basics. This type of result is important as it
indicates the main differences between content expert and novice users, and the type of
information they are more likely to require from a learning application. This is also
relevant in the case of expert users with respect to their retention of knowledge of the
concept or topic as it shows that even content experts require access to basic
information etc. This could also be relevant depending on when they last studied the
subject.

‘Application A users on average spent a greater amount of time viewing documents,
but that was expected due to the nature of the application i.e. the shaded text. This
implies that the users read the shaded text and is supported by the evidence from the

video analysis. Application C users spent the greatest amount of time viewing
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documents. Again, this was probably due to the lack of guidance provided by the
application. Also, users of Application A tended to spend a greater amount of time
viewing Type A generic documents, i.e. topic summary documents and Application C
users spent the greatest amount of time viewing Type C generic documents i.e. images.

On average, content novice users spent less time viewing documents compared to
the content expert user group. This could be because they were unfamiliar with the
content and needed to read it thoroughly.

Application A users visited the least number of documents compared with
Applications B and C. Again, this was expected. Application C users visited far less
documents than expected. On the other hand, Application B users visited the highest
number of documents. Implying that they did not feel apprehensive about navigating
around the application, again, probably due to the additional guidance provided by the
ANS. Application B users also followed a higher number of ‘more information type’
links compared to Application C users. Again, probably because they found it easier to
navigate around the application due to the ANS. Also, a fewer number of content
experts followed ‘more information’ fype links compared to novice users. This maybe
because they already knew the material. An increased number of content novice users
followed not-ready-to-be-learned links compared with experts. A fewer number of
Application A users attempted to follow the not-ready-to-be-learned links compared to
the users of the other two applications. This could be because they had the shaded text
to consider and therefore followed the adaptive advice provided by the system more
closely. Again, it was encouraging to find that Application A users re-visited fewer
documents compared to users of Applications B and C. Although this measurement is
not an ideal indicator within this study due to the nature of Application A.

Although a comparison of learning using the various applications was not an aim
of the study, a basic analysis found that no significant difference was found between the

number of tasks that each application user group answered correctly.

8.7.4 Windows Management

It is important to note here that all the users in the trials had some level of experience
using a computer and therefore all had good knowledge of windows management.

Therefore it was not surprising to find that all users changed the size and the position of
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the windows to suit themselves. Most of the users arranged the windows in the middle
of the screen. One user preferred narrowing the windows to read the documents due to
eye sight problems. This user felt that it was important to be able to change the font size

1.e. to make the interface adaptable as well.

8.7.5 Identifying Various Navigational User Types in AH

By thoroughly analysing the patterns of user trails through each application, it was
possible to extract three distinct types of navigational patterns, which could be used by
the SaDy SM to provide guidance to users before they get too confused or irritated;

e Type 1: Followers

e Type 2: Repeaters

s Type 3: Roamers

Type 1, ‘the followers’, can be divided into two sub categories;

1. The right starters; users who followed the advice most of the time.

2. The wrong starters; users who first attempted to ignore the advice given and follow
the not-ready-to-be-learned links. Then realised that they were getting confused or
lost and decided to follow the advice.

For users of Applications A and B, some users first followed the not-ready-to-be-
learned links (but only up to a maximum of three in a row) and then decided to return to
the introduction page of that topic and from that point, follow the advice given by the
System.

Type 2, ‘the repeaters’, are basically the reverse of Type 1 users. These are the
users who followed the advice given by the system and if necessary repeated the
process, these users trusted the advice provided by the system.

Type 3, ‘the roamers’ are again divided into two groups;

1. Users who followed the advice given by the system until they got frustrated at
which point they decided to randomly access any document.

2. Users who did not follow the advice provided by the system (in the form of ANS,

‘éhading or the table of contents) and randomly accessed the documents throughout
the session.

This type of user was more prominent within the Application C user group. These

users first tried to go straight to the document, which they felt contained the answer.
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When they could not find the relevant information they attempted to randomly follow
links and open documents. 54% of Application C users followed this pattern of
browsing. It was found that from the Application A and B user groups, the users who
did not follow the system’s advice resulted in getting lost and visiting more documents.
No user of any application attempted to use the search facility on Microcosm. This
maybe because all users were told at the start of the session to use the highlighted links

to navigate around the hypertext.

8.8 Conclusion
Most of results have a higher SD for the AH applications and lower for the Control

Application. This implies that the users of Application C worked in a more predictable
and restricted way compared with the AH user groups. They were not as adventurous
maybe because they had no guidance and were scared of getting lost, i.e. the increased
cognitive overhead that comes with having to remember where you were, need to go or
have already been.

The shading method of adapted hypermedia was positively accepted by most of the
users regardless of their content knowledge. However, content novice users found it
more useful than experts did. This implies that it is more useful to shade material that is
not currently required by the user or is not at their expertise level. This could be
complex material for novice users and basic material for expert users. The shading of
the fragments of text did not appear to disrupt the flow of reading or add to the
cognitive overhead in any other way.

ANS does add an extra overhead to users in the form of remembering the coding
i.e. what colours, fonts etc mean. However, ANS reduces overhead when users need to
know which links to follow next or which links they have visited etc.

The study also highlighted some important variables for the SaDy SM or any SM.
The investigation showed a significant difference between the performance of content
experts and content novice users. Implying that variables such as the following could be
used in the SaDy SM, type and number of generic links followed, number of nodes
visited and time spent on nodes. Another important issue to come out of the study was

the significance of the ‘time’ variable in the SaDy SM, i.e. the time a user is viewing a
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relevant document, generic documents etc. as this can provided the system with some
indication of the user’s current experience and performance levels.

The next chapter will draw the thesis to a close by presenting the conclusions of
the research. It will also summarise the contribution of the research to the field of AH

and finally, discuss some ideas for future work.
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Chapter 9 Conclusions and Future Research

9.1 Conclusion

AH is

a relatively new and dynamic area of research. This thesis has attempted to

present and describe in detail a new adaptive presentation technique in AH. The study

revealed and highlighted some interesting and exciting issues. A summary of the

conclusions is documented below.

1.

The thesis introduced a new adaptive presentation method of AH i.e. shading

fragments of text, a method that is currently used in conventional textbooks.

The shading method of AH allows users of varying content and computing skill
levels to use the same application and possibly view the same material i.e. no

information is hidden from the user.

The empirical experiments carried out in the study used a variety of
conventional interface evaluation techniques. For example pre/ post-session
questionnaires, interviews, observation and software logging. The sessions were
carried out using a formal as app%o‘ach as possible given the environmental and

time constraints.

The evaluation sessions exposed most of the subjects to AH for the first time.
As a result the acceptance of adaptive technology in an educational environment
increased as well as the general awareness of AH techniques. This was strongly
highlighted in the comparison between the pre and post-session questionnaires,
where user attitudes shifted towards the acceptance of AH after only one session

using AH.

The study highlighted that hypermedia within the educational paradigm is made
more effective if adaptive technology is incorporated. However, users felt that

ANS alone was not beneficial and preferred combining ANS with a

* complimentary adaptive presentation technique such as shading. Implying that

ANS and shading are complementary AH techniques. The study also showed
that as well as shading being an effective AH technique the users appeared to

enthusiastically accept it.
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6.

9x

10.

1.

12.

Another advantage of the shading method is that it did not appear to interfere or

disrupt the user’s flow of reading the on-screen text.

A specific advantage of the shading method of AH is that it reduces the number
of highlighted links on the document resulting in reduced cognitive load on the

uscr.

Users of the AH applications (especially the ANS and Shading Application)
visited fewer documents, re-visited fewer documents and followed more generic

links.

The experiments also revealed a distinct difference in the performance of users
working on adaptive hypermedia applications, which was found to be related to
the user’s current content knowledge levels. A distinct difference was found
between the way that content experts and content novice users worked with the
AH applications. On average, content experts visited more documents and spent
less time viewing documents compared to content novice users. Content expert
users were also more likely to follow not-ready-to-be-learned links than content

novice users.

Although SMs are a complex area of AH systems, this study investigated some
basic SM issues and as a result attempted to construct a basic framework for a

SM for use within the educational paradigm, i.e. the SaDy SM.

The study also began to investigate the notion of time as a variable in the SaDy
SM. The results from both empirical studies demonstrated that time could be
used as a performance indicator. However, more detailed work needs to be done

in this area.

Although the acceptance of AH was overwhelming, it is clear that as far as
educational hypermedia goes we need to design systems with more intelligence
and guidance abilities. However, it is important to ensure that the user feels in

control and not overwhelmed by the guidance provided by the system. This
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need was reflected in the difference in performance between the users of the AH

applications and the control Hypermedia Application.

9.2 Summary of Conftribution .
This research introduced a new method of AH- shading fragments of text- which may

be classed as an adaptive presentation technique. This novel approach to AH was
designed, developed and implemented within the research. Two empirical studies were
designed and carried out to test the shaded method of AH within an educational
environment. During the course of the research, the SaDy SM framework was
developed.

The empirical evaluation has shown that AH and, more specifically the shading
method of AH can be used effectively within an educational environment. In addition
it was encouraging to find that this method was well accepted by the users. Although
some of the measurements are a result of the nature of the application itself, the fact
that these differences exist and are worth mentioning for example, while using the
shaded method of AH the users were able to find the relevant information easily, they
visited fewer documents, they re-visited fewer documents and they got lost less often.
They were more likely to view material on the screen than follow a link to it. The most
positive feedback was from the users themselves, who said they preferred the Shaded
Application to the ANS and control Hypermedia Applications. Although the shading
method of AH was accepted by the users and found to be useful, it does require

refinement and further work, this is discussed in the next section.

9.3 Future Work

9.3.1 Shading Vs ANS on the WWW

The next step in this area would be to experiment with dynamic shading and ANS in
the WWW environment. The WWW is a distributed environment so users can access
applications from anywhere on the network. There is a need to develop methods of
estﬁ)liishing the user profile on-line, and for the system to present the adapted
application (shading or ANS) automatically as a result. The DLS (Distributed Link
service) (Carr et al., 1998) enables links to be stored in separate linkbases and be

applied to WWW documents (via a proxy). Work has also been carried out to
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investigate the use of an agent based framework where a agent provides the user profile
to the DLS to determine which linkbase to use (Bailey, 2000). Any future work in this
area would also need to consider how to dynamically shade fragments of text in a
HTML (hypertext markup language) documents maybe using XML (extended markup

language).

9.3.2 Dynamic Shading of Fragments of Text
Future work using the shading method of AH could be geared towards investigating

dynamic shading of fragments of text for different purposes. For example as the user
progresses through the information base, basic learnt concepts could be shaded out.
Anot}ler important issue related to this area is to investigate what could be considered
as a suitable minimum and maximum length of the shaded text fragments. As well as
the maximum and minimum number of shaded fragments of text within one document;
Can a document contain too many shaded fragments? Does it depend on the type or
level of information that is shaded, i.e. leamt, complex, basic etc? This leads into the
next point, which is that studies also need to be carried out to establish if it is more
beneficial to shade complex text, basic text, learnt text or only complex calculations or
formulae. As this study found, these results would probably depend on the subject’s

content knowledge.

9.3.3 Shading Fragments of Text
For an application supporting static shading, it is the subject expert who decides what

material would be considered complex for a user group ie domain expert or novice
users, depending on current knowledge levels. This information would result in
particular sections of text being shaded during the design of the application. For
example, an application for first year undergraduates would consider calculating the
radiocarbon date for a particular artefact complex for novice users. Therefore all
information relating to this calculation would be included in the document but shaded
in grey. When a novice user comes across this document during the course of the
inté;aptive session, they would see the calculation information with the background

shaded and would know that this was irrelevant information for their current knowledge

fevel.
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To implement an adaptive shading mechanism, the UM model would need to be
dynamic. An on-line pre-session questionnaire should be used to obtain user
information on current knowledge levels etc. All the material can be split into
fragments of text therefore, the sections of text would be treated as in conditional text
which is either hidden from the user or is displayed to them depending on the users UM
etc. The domain model holds the relationships between all the documents and or the
fragments of text. Dynamic shading could be represented in one of two ways. Firstly,
by dynamically shading a fragment of text before it is presented to a user, or by holding
two versions of each fragment of text (that makes up a document) and either the shaded
version of the text would be presented to the user or the unshaded again, depending on
the chrrent state of the users UM and skill level.

Therefore if the user requires complex information to be hidden as they progress
through the application and pick up more knowledge, the shaded text that is presented
to the user will be different depending on how much knowledge they have picked up
during the course of the session or on which documents they have already visited and
therefore the application has decided they have new knowledge in this area. The UM
updated during the session and the UM knows what knowledge the user has picked up
either just by visiting the document or by tests. Therefore before displaying the
fragments that make up a document the system accesses the knowledge from the UM
and decides what should be shaded and what should not be shade. It works exactly the
same as conditional text.

As the user goes through the documents or passes tests on a topic, the system
assumes that the user has learnt enough about a particular concept or topic to be ready
to be exposed to slightly more complex material, this complex fragments of text would
be presented without shading. If However, a user reaches the complex material without
passing a test or visiting the relevant pre-requisite documents, the system will assume
that they have not learnt and will display the fragments of text or document with the
complex text still shaded.

" Future work could also look into developing a design methodology for
dynamically shading fragments of text. This methodology would need to rely heavily

on the domain model and the user model.
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9.3.4 Allowing Users to Make Decisions
Future studies could consider giving users the freedom to make adaptation decisions.

For example, allowing the user to decide the colour of the hyperlinks, the maximum
number of the hyperlinks to be displayed, the type of font used to display links or allow
a combination to be used. The user could even be given the choice of which adaptation
technique to use, e.g. hidden links, ANS, link sorting etc. It would be interesting to
investigate if users can be trusted to make correct decisions. The results could then be
used to investigate the development of SMs and the value of allowing users to access

and override dynamic SM decisions based on their progress.

9.3.5_Acquisition of Knowledge
An important issue in AH and more specifically in student modelling, is the acquisition

of knowledge while using the AH application and the retention of user’s knowledge.
One way to investigate the impact of the retention of user’s knowledge is to carry out a
follow up session a few weeks or months after the original evaluation session.
However, this maybe difficult to carry out due to time and resource constraints.

For AH systems, explicit user feedback can play an important role in verifying
the users SM or to assess the acquisition of knowledge; this method was used by
Kaplan et al. (1993). However, asking the users to provide feedback can be useful only

if they are willing to give the time to answer correctly.

9.3.6 Student Models
This research introduced the SaDy SM framework for use in educational AH systems.

An advantage of the SaDy SM is that it has a simple and modular structure that makes
it scalable and therefore useable for different types and sizes of applications. It would
therefore be interesting to use this model in future experimentation. The variables in the
SaDy SM could be used to explicitly gain current information about the user at the start
of a session. This information is used to dynamically allocate users into a generic SM
group. As the user progresses through the session the dynamic SM can be updated and
used to make adaptation decisions. In effect, the SM will learn about the user by
updating the dynamic variables during the session resulting in a more individual SaDy

SM.
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In future work it would also be useful to investigate the usability of various
combined AH techniques in education. Where one AH system would be designed to
use the SaDy SM and the second system would not use any dynamic SM; this system
would act as the control application. It would also be interesting to compare the SaDy
SM with other similar SMs, i.e. basic SM for use in educational applications.

Future studies into student modelling should also be aimed at investigating the
use of time as a variable of the SM. The studies presented in this thesis found that time
could be used as a performance or knowledge indicator. However, further studies may
require an in-depth investigation over time into user logs, e.g. by comparing different
levels of users and their navigational patterns. This type of work may also require some
speciz:list equipment such as an eye tracker that could be used to inform the SM when

the user is viewing the screen.

9.3.7 ANS - Hidden Links
As users are introduced to hypermedia and then to AH systems, hidden links may

become more acceptable. Although hidden links can be vital in reducing cognitive
overload and reducing the visual impact of the screen, users have not readily accepted
this method. Therefore, the issue of hidden links in educational AH systems needs to be
approached in a more novel way. Microcosm is an excellent system to carry out such
experimentation because all generic (glossary type) links in Microcosm are hidden by
default. This can also be achieved using the DLS. One approach is to present these
hidden links in italic font and no highlighting, so that users can distinguish these links.
This will result in a screen, which contains fewer highlighted links and where the
hidden links are presented in black italic text, which can only be recognised as links by

their font style.

9.3.8 AH and User Authored Links

An interesting progression in AH research would be to consider the implications of
usei-authored links. For example, Microcosm allows a user to create their personal set
of links in addition to the original authored links in the application. Therefore, the
system is left with an application that has at least two sets of links; one set created by
the author and another set by the individual user. How would an adaptive system handle

or model this extra input? The SM could either vet the new link and respond by

143



J. HoTH1 2000 CHAPTER 9

classing it as a valid relevant link or class it as an invalid irrelevant link depending on
the domain model. Once this has been decided the system would then need to add this
information to the SM and the domain model. Alternatively the system could
dynamically create a new, separate domain model. What would be the implications for

any adaptation decisions?

9.3.9 Adaptive Navigational Aids
Another important point to consider with AH systems is the use of navigational aids

such as visual maps or a table of contents that can assist users in navigation and maybe
even more importantly, help users to build correct mental models of the hypertext
structure. These maps should be designed to be adaptive and interactive, to reflect the

user’s current goals and actions.

9.4 Concluding Remarks
This programme of research has developed a new and novel technique in AH, ie.

shading fragments of text, with an emphasis on educational hypermedia applications.
The study also presented the SaDy SM, which is only a basic SM framework.

Before using the AH applications, users were wary of such technology but once
they had used it, they accepted that it has advantages. This initial attitude will
eventually become more positive with the increased use of technologies such as the
WWW etc., which is helping users to accept basic hypermedia technology. In summary,
as the need for managing and navigating through information in an educational
environment increases, the awareness and the acceptance of AH technology will also
increase. While there is still a great deal of research to be undertaken and questions to
be answered in the field of AH, this research has endeavoured to explore some of the

issues facing the design and ultimately the acceptance of hypermedia in education.
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Appendix A Initial Survey Questionnaire

This questionnaire forms part of my research into the evaluation of the Microcosm interface. Thank you

for your time.
If you have any queries please contact Mrs. J. Hothi on jh95r@ecs
(Sections 1-8 are designed to establish a connection between the skill of a computer user and their work/

home environment)

1. Sex (please circle) Male Female

2. Age (pleasecircle) 21 orunder 22-25 26-30 31-40
41-50 over 50

3. Country in which you went to secondary/ high school ......cc.ceevneininienrnnnnenn.

4. Are you: (please circle)

Head of Department Academic staff Research assistant/ student

Undergraduate student Postgraduate student

5. Computer experience (please circle one number on each line)

a. expert adequate complete novice never used
Microcosm Lo 2 3 4
word processing 1..............c.o... 2 . 4
games | S 2 K 4
graphics Lo Do T 4
computer based learning  1.......... 2o K 4

= programming | S 2 TN 4
Microsoft Office 1..................... 2 K 4
e-mail Lo 2 U 4
World Wide Webl..................... 2 K 4
authoringonthe T..................... 2 K 4

World Wide Web

authoringonthe 1..................... 2 K 4
Microcosm

Windows Lo 2 K 4
management

typing speed Lo 2 K SO 4
when using a computer [ am:

enthusiastic | 2 K 4

b. Which input method do you prefer to use (please circle)
Keyboard Mouse

6. Personal Characteristics
a. Please circle the number which best describes you on the scale.

shy 1 2 3 4 5 extrovert
quiet 1 2 3 4 5 loud
pessimist 1 2 3 4 5 optimist
T timid 1 2 3 4 5 overpowering

confident 1 2 3 4 5 unconfident
like working alonel 2 3 4 5 in groups
Iam confident 1| 2 3 4 5 unconfident
using computers

b. Please state your interests
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c. Please state your habits (good or bad) when you are working on a computer (e.g. Never closing down
windows which are not required)

7. Home Environment
a. Do you live: (please circle)
Alone With one person

With less than 4 With 5 or more
Are there children below the age of 7 at home, if so how many..................
How much time do you spend watching television (hours).........................
How much time do you spend working on a computer at home (hours).......................
How much time do you spend on your hobbies or other leisure activities (hours)......................

Ao o

8. Work Environment

a. What is the set-up of your workspace: (please circle)
Use a lab Office to yourself Share with 1 other person
Share with 4 or less people Share with 5 or more

b. Do you get easily distracted when you work on a computer
Yes No

¢. Do you work with many (more than 3) windows open on your computer screen at one time
Yes No

d. Is your desk usually a mess
Yes No

. Microcosm Use (please circle)
. Have you ever used Microcosm Yes No
. If you answered ‘Yes’ to question 9a.go on with question 9 if ‘No’ goto question 11
. What do you use Microcosm for and which subject:
Authoring
Teaching/ tutorials ...
Learning
Browsing information ...
Reference information ...
Other (please specify). ...
d. If you arrive at a document you do not require- do you know how to get back to the previous

document

[ = ol VAN

Yes No
e. If you answered ‘No’ to question 9d. would this be an important function to have available
Yes No

f. Do you enter Microcosm via: (please tick as many as are relevant)
Select a document window
Front end designed specifically for the application you are using
Other (please specify)..............oi

g. Which of the following Microcosm functions do you use: (please tick as many as are relevant)

Highlighted (buttons) text within the documents

Compute links

Follow links

Show links

History

Search

h. Do you feel that Microcosm window management allows too much freedom:
Yes No

i. If you answered ‘Yes’ to question 9h.- What changes do you feel would help
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j. What functionality do you think Microcosm lacks for you to complete your task ( be it anything,
learning, authoring etc.) easily and quickly

10. Microcosm- a Presentation System (please circle one number for each question)
strongly agree neutral disagree strongly
agree disagree

a. Colours used for the interface

too many colours | SRR 2,
good contrast between colours L. 20
b. Layout of the interface is clear 1....
¢. Too many windows are | F TSRS 2
on display at one time
d. Functions available on the | PSRRI
interfage are easy to use
e. I can find relevant | FUORUSR
information quickly and easily
f. I can feel lost and T
confused using Microcosm
g. The interface iseasy touse by 1. 2 K JURR Lo 5
users of varying computer skill
h. Too much information needsto be 1................... 2, K RO L STTUUURRTS 5
memorised
i. Overall reactions to the interface
interesting Lo 2 K PP 4o 5
stimulating | SR 2 3 4o 5
easy to use | SO 2 B Z SOUSTR 5
J- Problems are easily solved | SRRSO 2 3 G 5
k. Messages given by the interface
do clarify the problem | PUTUS 3 L ST 5
do indicate action fo be taken  T......cooce K TOTUUTURISRURN 4o 5
are relevant to my problem | SR 3 L USRS 5
I. Undoing operationsis easy to do ..o K OO L 5
m. Computer Aided Learning | SOOI 3 G 5

applications are effective learning tools

11. How do you feel the interface ¢

ould be improved?

The abilitv ta move is a vroventy of @il cvtonlasmic matter. whether # is nrovidine locomotion in single celled-
(Just a reminder- this is the general layout of the Microcosm using a RTF viewer)

a. How do you feel this could be improved
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12. Intelligent Interface Issues- Please answer the following questions on the basis that the interface
was intelligent and adapted to individual user needs.
a. When using a computer based learning application, more intelligent support is required from the

interface in the form of:
Hints (Brief description e.g. Letting the user know they have missed something l:]

= vital which is required before attempting a certain task)
Guidance (Information giving a bit more help e.g. Letting the user know where[:]
they should look for that information)
Help (More detailed help (e.g. Let the user know exactly what they need to D

complete a task)
b. If any of the following input methods were available which would you prefer to use (please circle as

many as are relevant)
Keyboard Mouse Speech recognition

Touchscreen Lightpen

¢. When errors are made, [ would like the following displayed? (Please tick 1 box)
Detailed information- Error message, cause and options available to rectify it
Some information- Error message and the ability to retype

No information- Just the ability to retype once realised error has occurred

d. Assistance from the interface is most useful when ? (Please tick as many boxes as are relevant)

I ask application for help when I need it

The application offer help when it feels I need it
The application changes dialogue according to my computing skill level
The application suggests documents I may need but have not yet read

e. Which of the following status information would you find useful for a student? (Please tick as many
boxes as are relevant)
What skill level you have reached on the running program

The number of errors made

Time taken to complete a task

The windows you already have open

Time spent reading documents

Number of relevant documents not viewed

-

Thank you for your co-operation
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Appendix B Pilot Study- Pre-Session Questionnaire

Thankyou for your co-operation. Please answer the pre-session questionnaire. Then use the application
to answer the set tasks. Once completed please fill out the post-session questionnaire. Please talk aloud
and make any comments; good or bad that may help to improve the evaluation process.

Pre-session questionnaire

Please circle the relevant answers

1. Sex M F
2. Are you a confident person Y N
3. Are you a quiet person Y N
4. Are you a shy person Y N
5. Are you a pessimistic person Y N
6. Doeyou watch > 15hrs of television per week Y N
7. Do you spend > 15hrs on a computer per week (work and at home) Y N
8. What is your skill level on windows management novice expert
9. What is your skill level on the following applications
word processor novice expert
e-mail novice expert
web novice expert
MS office novice expert
10. What is your skill level on the application content i.e. radio carbon dating in Archaeology.
novice expert

11. What is the average no. of windows you work with on screen at one time .........
12. How much help to assist with your task would you like access to from an educational application
none some all
13. How would you like access to help (please tick one option)
ask the application when you feel you need it .......
the application offers when it feels you need it........
both the above........
none of the above.......
14. Would you prefer adaptation in hypermedia in the form of (please tick as many as you like)
a. links to references within the document........
b. only links to relevant task material within the document.......
c. display content relevant to your skill level on the task with other parts of the document
shaded out......
e. allow access to all information available with all links possible......
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Appendix C Pilot Study- Tasks and Post-Session
Questionnaire

Using the Adapted Navigation Application
Tasks

There are 2 short tasks to complete the first using the Adapted Navigation Application and the second

using the Adapted Presentation Application.

1. First, if you are a novice on radiocarbon dating log onto Microcosm using  the user name
‘link_novice’ and password ‘link_novice’.

3. Double click on pilot archaeology

4. Bring up the document management structure and click on ‘content_novice’ and then click on links.

5. Open the first document titled ‘radcarl’. Now please complete the following task;

Please give as detailed answers as possible.
Double click on the highlighted text to activate links to navigate.
How are samples collected for radiocarbon dating?

What problems are encountered when using radiocarbon dating?

Post-Session Questionnaire

For the adapting of links application please answer the following questions after completing the above
tasks by ticking under one heading;
& . agree not sure disagree
you visited the right documents -
first time
you easily found relevant documents
there were too few links
there were too many links to definitions
did you need to revisit documents
presentation of the documents was clear
this was a useful form of adaptation

Using the Adapted Content Application

Tasks
1. Exit out of Microcosm and then Log on again, using the user name ‘contNE’ and password
‘contne’.

2. Double click on pilot archaeology

3. Bring up the document management structure and click on ‘contnet_novice’ and then click on
‘content’.

4. Open the first document titled ‘radcont!’. Now please complete the following task;

If you are an expert on dating techniques in archaeology use all the text including the shaded parts in the
documents to answer the question. If you area novice do not read the shaded parts of text.

Please give as detailed answers as possible.
What is carbon?

How accurate is radio carbon dating?
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Post-Session Questionnaire

For the Adapted Navigation Application - please answer the following questions after completing the

tasks by ticking under one heading;

you visited the right documents

first time
you easily found relevant documents
there were too few links
there were too many links to definitions
did you need to revisit documents
the documents contained too much text
this was a useful form of adaptation

shaded text should be available to novice users

agree

not sure disagree
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Appendix D First Empirical Study- Pre-Session Questionnaire

This is an evaluation that will be looking into the use of adaptive hypermedia in education. All users

must answer this questionnaire
Thankyou for your co-operation.

Pre-session questionnaire

Please circle the relevant answers

Al S I O e

10.

11
12.

. How would you like access to help

Sex M F
Are you a confident person Y
Are you a quiet person Y
Are you a shy person Y
Are you a pessimistic person Y
Do you watch > 15hrs of television a week Y N
Dowyou spend > 15hrs on a computer a week Y N
What is your skill level on windows management novice
What is your skill level on the following applications

word processor novice expert

e-mail novice

web novice expert

MS office novice expert
What is your knowledge level on dating techniques in Archaeology

novice expert
What is the average no. of windows you work with on screen at one time .........
How much assistance would you like access to, from an educational application
none some all

(please tick one option)
you ask the application when you feel you need it .......
the application offers when it feels you need it........
both the above........
none of the above.......

ZZZZ

expert

expert

. Adaptation within a multimedia application (can take many forms) refers to the changing of links or

content within the same application to different users i.e. users who are novice at using computers
and the lecture content will have more help and more links to definitions etc whereas experts on
computers and the content will be able to use all the system functions and will not have as many
highlighted links to definitions (as it is assumed they already know them). If you were given the
choice, which form of adaptation would you prefer (please tick as many as you like)

a. changing the presentation (i.e. the number of or the destination of) of highlighted links within
a document...............

b. change the content of a document (by only displaying relevant parts of a document required to
complete a task with irrelevant sections removed or shaded out)...............

c. allow access to all information available with all links possible (i.e. a conventional
hypermedia teaching application).........

Why?..........
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Appendix E First Empirical Study- Tasks for Content Novice

User Group

Logging on information, task lists and application specific pre/ post session questionnaires for the
Content Novice SM group.
Your status-Content Novice

Using the Adapted Navigation Application
Tasks

This application is based on Archaeology dating techniques. The links presented in this application are

adapted to your knowledge of the subject domain.

Please read how to log onto the system and answer the questions.

1. Double click on the Microcosm Archaeology Dating Techniques icon

2. Log onto Microcosm using the user name ‘ar_novice’ and password ‘novice’, click on OK.

3. Then click on ‘Dating techniques in Archaeology’and then on OK, now wait until a ‘results box’ and
‘The Archaeology Dating techniques’, ‘Introduction Page* pop up.

5. Now read through the page and answer the questions relating to the various techniques in any order.

Notes
To navigate through the application double click on the highlighed text.
You do not need to use the menu

Dating Techniques Questions

Obsidian 1. What are the number of sources of obsidian
found in the Western Mediterranean

Radiocarbon 1. When using radio carbon dating what causes
contamination in samples

Dendrochronology 1. How can information about environmental
conditions be used to obtain information about the
past

Archaeomagnetic 1. Name two requirements of archaeomagnetic
dating

Post-Session Questionnaire

For the Adapted Navigation Application please answer the following questions after completing the
above tasks by ticking under one heading;
agree not sure disagree

you visited the right documents

first time
you easily found relevant documents
there were too many links
there.were too few links
there were not enough links to definitions
there were too many links to definitions
did you need to revisit documents
presentation of the documents was clear
the documents contained too much text
this was a useful form of adaptation
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Your status-Content Novice
Using the Adapted Content Application
Tasks

1. Log out of Microcosm

2. Log back into Microcosm by double clicking on the Microcosm Archaeology Dating Techniqtes
icon using the user name ‘cont_ensn’ and password ‘contensn’, click on OK.

3. Then double click on ‘Archacology (content)’, now wait until a ‘results box’ and ‘The Archaeology
Dating techniques, Introduction Page® appears

4. Now read through the page and answer the questions relating to the various techniques in any order.

6. You are a novice on dating techniques in archealogy therefore please only answer the set questions

using the text that has not been shaded out.

Now please complete the following task;

Dating Techniques Questions

Obsidian 1. What are the magnetic properties of obsidian

Radiocarbon 1. How do you calculate a date using radio
carbon dating

Dendrochronology 1. How is dendrochronology calculated

Archaeomagnetic 1. Out of radio carbon and magnetic dating

which 1s more useful

Post-Session Questionnaire

For the Adapted Presentation Application please answer the following questions after completing the
above tasks by ticking under one heading;
agree not sure disagree

you visited the right documents

first time
you easily found relevant documents
there were too many links
there were too few links
there were not enough links to definitions
there were too many links to definitions
did you need to revisit documents
presentation of the documents was clear
the documents contained too much text
this was a useful form of adaptation
shading of text avoids information overload
shaded text should be available to novice users
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Using the Control Application
Tasks

This application is the control application, it is presented as a conventional hypermedia application
which allows the same access to all levels of users i.e.. links etc have not been adapted to your skill level

1. Log out of Microcosm

2. Log back into Microcosm by double clicking on the Microcosm Archaeology Dating Techniques
icon using the user name ‘control’ and password ‘control’, click on OK.
3. Then double click on ‘Archaeology (control)’ and click on OK. now wait until a ‘results box’ and
“The Archaeology Dating techniques, Introduction Page* appears
4. Now read through the page and answer the questions relating to the various techniques in any order.

Now please complete the following task;

Dating Techniques Questions
Obsidian 1. Can obsidian be used to date forgeries
Radiocarbon 1. Where did the ‘Iceman’ come from

Archeomagnetic

1. Can magnetic dating be used to date coins.

Post-Session Questionnaire

For the control application please answer the following questions after completing the above tasks by

ticking under one heading;

;/ou visited the right documents
first time
you easily found relevant documents
there were too many links
there were too few links

there were not enough links to definitions

there were too many links to definitions
did you need to revisit documents
presentation of the documents was clear
the documents contained too much text
this was a useful form of adaptation

agree not sure disagree

do you think that adapting the content and
the links in one application would be useful

this application presented all links to all
users was this useful in learning
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Appendix F First Empirical Study- Post-Session Questionnaire
for the Content Novice User Group

Your status-Content Novice

Only answer this section after you have completed all the questions using both applications.

1.

Adaptation within a multimedia application (can take many forms) refers to the changing of links or
content within the same application to different users i.e. users who are novice at using computers
and the lecture content will have more help and more links to definitions etc whereas experts on
computers and the content will be able to use all the system functions and will not have as many
highlighted links to definitions (as it is assumed they already know them).
If you were given the choice, which form of adaptation would you prefer (please tick as
many as you like)
a. changing the presentation (lst application) (i.e. the number of or the destination of) of
highlighted links within a document...............
b. ethange the content of a document (2nd application) (by only displaying relevant parts of a
document required to complete a task with irrelevant sections removed or shaded

c. allow access to all information available with all links possible (3rd application) (ie. a
conventional hypermedia teaching application).........

Y e et et et <o e n e

2. Please respond by ticking an answer under one of the headings;

agree not sure disagree

computers are a good teaching tool
adaptation is useful in teaching
adaptation of links application required

you to make less decisions compared
to the control application

adaptation of content application required

you to make less decisions compared
to the control application
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Appendix G First Empirical Study- Tasks for Content Expert

User Group

Logging on information, task lists and application specific pre/ post session questionnaires for the
Content expert user group.
Your status-Content Expert
Using the Adapting Links Application

Tasks

This application is based on Archaeology dating techniques. The links presented in this application are

adapted to your knowledge of the subject domain.

Please read how to log onto the system and answer the questions.

1. Double click on the Microcosm Archaeology Dating Techniques icon

2. Log onto Microcosm using the user name ‘ar_expert’ and password ‘expert’, click on OK.

3. Then double click on ‘Dating techniques in Archaeology’, now wait until a ‘results box” and “The
Archaeology Dating techniques, Introduction Page® appears

5. Now read through the page and answer the questions relating to the various techniques in any order.

Notes
To navigate through the application double click on the highlighted text.

You do not need to use the menu

Now please complete the following tasks in any order to help you the questions are written next to the
relevant dating section;

Dating Techniques Questions

Obsidian 1. How many sources of obsidian exist in the
Western Mediterranean and name one special
feature about 2 of the sources

2. How is Fission Track Analysis used to date an

artifact

Radiocarbon 1. How long does it take to measure a sample
using tandom accelerators

Dendrochronology 1. Give 2 examples of how information about

environmental conditions can be used to obtain
information about the past

Archaeomagnetic 1. What is required to carry out archeomagnetic
dating

Post-Session Questionnaire

For the Adapted Navigation Application- please answer the following questions after completing the
above tasks by ticking under one heading;
agree not sure disagree

youVisited the right documents

: first time
you easily found relevant documents
there were too many links
there were too few links
there were not enough links to definitions
there were too many links to definitions
did you need to revisit documents
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presentation of the documents was clear
the documents contained too much text
this was a useful form of adaptation
Your status-Content Expert

Using the Adapted Content Application
Tasks

Adaptation in this application is done by shading out parts of the text.

1. Log out of Microcosm

2. Log into Microcosm again by double clicking on the Microcosm Archaeology Dating Techniques
icon using the user name ‘contensn’ and password ‘contensn’, click on OK.

3. Then double click on ‘Archaeology (content)’, now wait until a ‘results box’ and ‘The Archaeology
Dating techniques, Introduction Page* appears

4. Now read through the page and answer the questions relating to the various techniques in any order.

6. You are an expert on dating techniques in archaeology therefore please answer the set questions using

all the text including the text which has been shaded out.

-

Now please complete the following task;

Dating Techniques Questions
Obsidian 1. What does the value of magnetism present in obsidian
depend on

Radiocarbon 1. What is the half life of radiocarbon in years

1. What are the problems can you face hwen calculating

Dendrochronology the date of timber

1. Out of radio carbon and magnetic dating which is more

Archeaomagnetic
& useful

2. At what point in time was it possible to gain high
precision on magnetic dating

Post —Session Questionnaire

For the Adapted Presentation Application- please answer the following questions after completing the
above tasks by ticking under one heading;
agree not sure disagree

you visited the right documents

first time
you easily found relevant documents
there were too many links
there were too few links
there were not enough links to definitions
there were too many links to definitions
did you need to revisit documents
presentation of the documents was clear
the documents contained too much text
this was a useful form of adaptation
shading of text avoids information overload
shaded text should be available to novice users
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Using the Control Application

Tasks

This application is the control; it is presented as a conventional hypermedia application, which allows the
same access to all levels of users i.e.. links etc have not been adapted to your skill level .

1. Log out of Microcosm

2. Log onto Microcosm again by double clicking on the Microcosm Archaeology Dating Techniques
icon using the user name ‘control’ and password ‘control’, click on OK.
3. Then double click on ‘Archaeology (control)’ and click on OK. now wait until a ‘results box’ and
“The Archaeology Dating techniques, Introduction Page® appears
4. Now read through the page and answer the questions relating to the various techniques in any order.

Now please complete the following task;

Dating Techniques

Questions

Obsidian

1. Can obsidian be used to detect forgeries

Radio Carbon

1. Which technique directly measures the ion

count in radiocarbon 14

Dendrochronology

1. What effect would poor sunlight have on the

growth of trees.

Archeomagnetic

1. What is the Curie point

Post-Session Questionnaire

For the control application- please answer the following questions after completing the above tasks by

ticking under one heading;

you visited the right documents
first time
you easily found relevant documents
there were too many links
there were too few links

there were not enough links to definitions

there were too many links to definitions
did you need to revisit documents
presentation of the documents was clear
the documents contained too much text
this was a useful form of adaptation

do you think that adapting the content and

agree not sure disagree

the links in one application would be useful

this application presented all links to all
users was this useful in learning
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Appendix H First Empirical Study- Post- Session Questionnaire
for Content expert User Group

Post-Session Questionnaire
Your status-Content Expert

Answer this section after you have completed all the questions using both applications.

1.

Adaptation within a multimedia application (can take many forms) refers to the changing of links or
content within the same application to different users i.e. users who are novice at using computers
and the lecture content will have more help and more links to definitions etc whereas experts on
computers and the content will be able to use all the system functions and will not have as many
highlighted links to definitions (as it is assumed they already know them).

If you were given the choice, which form of adaptation would you prefer (please

tick as many as you like)

a. changing the presentation (i.e. the number of or the destination of) of highlighted links within
a document...............
b. change the content of a document (by only displaying relevant parts of a document required to
complete a task with irrelevant sections removed or shaded out)...............
c. allow access to all information available with all links possible (i.e. a conventional
hypermedia teaching application).........

T £ S U OOV T ST TP TP E OO OO T OO OP PPN

2.

i

computers are a good teaching tool

Please respond by ticking an answer under one of the headings;
agree not sure disagree

s

adaptation is useful in teaching
adaptation of links application required

you to make less decisions compared
to the control application

adaptation of content application required

you to make less decisions compared
to the control application
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Appendix J Second Empirical Study- Pre-Session Tasks

(These were also the tasks users were asked to answer during the evaluation sessions).
If you know the answer or think you know the answer please circle the relevant letter, A-D. If you do not

know the answer, do not guess and circle the letter E.
Archaeomagnetic Dating

1. What materials are dated using Archaeomagnetic dating
A) Clay walls
B) Wood
C) Stone
D) Glass
E) Do not know

2. What can upset the Archaeomagnetic qualities
AY Rain
B) Heat
C) Carbon
D) Snow
E) Do not know

3. What are one of the benefits of Archaeomagnetic dating over radiocarbon dating
A} Quicker to measure
B) More accurate
C) Less complex to measure
D) Can measures a wider range of materials
E) Do not know

4.  What part of the kiln is it preferable to sample
A) Walls
B) Floor
C) Ceiling
D) Door
E) Do not know

Dendrochronology

5. Ageis calculated by
A) Weighing the timber
B) Counting the number of tree rings
C) Calculating the carbon content
D) Assessing environmental conditions over the possible time period
E) Do not know

Microscopy

6. _The polarizing microscope is used to identify
A) Rocks
B) Wood
C) Metals
D) Brick
E) Do not know

Thermoluminescence
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10.

What materials are dated using thermoluminescence
A) Obsidian

B) Metal

C) Wood

D) Clay

E) Do not know

Thermoluminescence is also useful in the detection of
A) Metal

B) Wood

C) Ceramic artefacts

D) Kiln walls

E) Do not know

The principle behind Thermoluminescence is
A) Measuring trapped energy

By Freezing the sample

C) Measuring the magnesium content

D) Measuring impurities of a sample

E) Do not know

Energy is emitted in the form of
A) Carbon

B) Light

C) Heat

D) Radiocarbon

E) Do not know

. The energy is measured using a

A) Mass Accelerator

B) Photomultiplier

C) Polarizing microscope
D) Reference curve

E) Do not know

. The contamination problems which may occur in the soil are

A) Radioactivity

B) Too much exposure to light
C) Water

D) High temperatures

E) Do not know

Radiocarbon Dating

13.

What materials are measured by radiocarbon dating
A) Metal
B) Stone
C) Bone

“D) Ceramics

E)y Do not know

. A sample is contaminated if it

A) Was contaminated after it was brought to the lab

B) Contains at least 20% of roots/ stones

C) Contains carbon which was not originally a component of the sample

D) Contains deposits of metals and carbon which was an original component of the sample
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X

15.

E) Do not know

A tandom accelerator directly measures

A) By weighing the components of the sample

B) By ions counting

C) The amount of light emitted

D) The amount of contamination a sample contains
E) Do not know

Obsidian Hydration Dating

16.

17.

18.

20.

How many groups have geologists divided obsidian into
A) 4

B) 5

C) 3

D) 2

E)* Do not know

How is the Hydration layer formed

A) By contaminants

B) By water

C) Burning of an artefact

D) By changes in environmental conditions
E) Do not know

What equipment is used to measure the hydration layer
A) Microscope

B) Accelerator Mass Spectrometer

C) Photomultiplier

D) Filar micrometer

E) Do not know

. What can effect the hydration layer

A) Soil

B) Magnesium
C) Wind

D) Carbon

E) Do not know

What percentage of water does the hydration layer contain
A) 5%

B) 3.5%

C) 2.5%

D) 10%

E) Do not know
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Appendix K Second Empirical Study- Pre-Session
Questionnaire

Introduction to AH Adaptive hypermedia- to give user’s some idea of what adaptive hypermedia is

Adaptive hypermedia refers to when a system adapts for example the content presented or the set of links
presented to individual users based on the users task or knowledge levels. Examples of adaptive
hypermedia include the following

Shading- where complex information is shaded out and can be ignored by novice users

LV LD Al lCLLL ULM.IWJ\%D Alitd WLl ALY AL, J.ll\}u-é.ll
produced accurate dates for larger timbers, thus helpir
archaeological sites.

Now follow the next green link;

v ™ s 4 “

Changing the content presented depending on the knowledge of the user

s

N However, the questions referring to the global maps
Content expert shewed marked differences between stages 2 and 3 .
USCIS view Whereas stage 3 users found it useful. Similarly in

stage 2 50% disagreed with the statement’ the
complete map is unnecessary’ compared

Content novice However, the questions referring to the global
users view maps showed marked differences between stages
2and 3.

Changing the presentation of highlighted links to help the user to decide where to go next etc.
By changing the colour of the next relevant link
By hiding non relevant links

By annotating the highlighted links with different types of bullet points for example by
indicating which link you are not yet ready for by an arrow

-

“ Global maps
< Contents list
» Glossary
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Pre Evaluation Questionnaire- Thank you for your co-operation These answers will remain confidential

Question Answer
strongly agree notsure disagree strongly
agree disagree
1 2 3 4 5
1 If you have taken an A’level in Archaeology please circle result A B C D E F U Fail
2 If you have taken an A’level in Archaeology please circle result A B C D E F U Fail
4 | I have used educational computing applications before 1 2 3 4 5
5 I would not consider using a computer aided learning application 1
6 | I feel that a multiple number of windows within a learning package are 1 2 3 4 5
useful
7 Adaptive hypermedia is a useful idea 1 2 3 4 5
8 I could easily define my content expertise levels on the online form 1 2 3 4 5
9 I would consider using a computer aided learning application to 1 2 3 4 5
compliment lectures
10 | My current study aids are:
Books I 2 3 4 5
Internet/ World Wide Web 1 2 3 4 5
Computer aided learning applications 1 2 3 4 5
Notes made by friends 1 2 3 4 5
Notes produced myself from lectures 1 2 3 4 5
11 | When using a CAL package I do not feel that [ would need a tutor 1 2 3 4 5
12 | When learning [ prefer to use books because I can access any part of it 1 2 3 4 5
even if | have not picked up enough knowledge about basic concepts
13 | I prefer lectures because I am only exposed to information which I am 1 2 3 4 5
currenlty ready to learn
14 | When learning, information should not be made available if I am not yet 1 2 3 4 5
ready to understand it
15 | My level of computing experience is 1 2 3 4 5
16 | I enjoy using computers when studying 1 2 3 4 5
Please place a tick in the relevant boxes
17 | Tuse a computer for the following reasons and frequency Never Once a week | 2-3 times a Daily
week
E-mail

Internet/ WWW

Word processor

Computer games

Graphics package
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My current knowledge on the following topics is

No
knowledge

Basic
Knowledge

More
detail

Great deal
of detail

Radiocarbon dating

Basic definition of radiocarbon dating
How to collect samples

AMS

Obsidian (Fissian track analysis) FTA
What obsidian is
FTA

Dendrochronology
What Dendrochronology is

Thermoluminescence
What Thermoluminescence is

Potassium Argon
What Potassium Argon is

@
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Appendix L Second Empirical Study- Post-Session
Questionnaire for the Users of Application A

Post Evaluation Usability Questionnaire For Application A users. Thank you for your co-operation

These answers will remain confidential

Question Answer
strongly agree not sure disagree strongly
agree disagree
1 2 3 5
Subjective satisfaction- your personal attitude towards the application
1 I would consider using this application when studying 1 2 3 4 5
2 | I feel that a multiple number of windows within a learning package are useful 1 2 3 4 5
3 | Adaptive hypermedia is a useful idea 1 2 3 4 5
4 | 1could easily define my content expertise levels on the online form 1 2 3 4 5
5 I would use an &pplication such as this in place of a teacher 1 2 3 4 5
6 It was easy to distinguish links I had already visited
7 | It was easy to distinguish the next relevant links
8 | It was easy to distinguish reference links i.e. links to glossary terms and
images.
9 I found relevant information quickly and easily
10 | I prefer lecture type teaching/ learning sessions
11 | 1 found the application confusing to use
12 | I talked about the application/ questions with my friends
13 | I did not need to ask the help of my tutor during the [ab session
14 | This application was pleasant to use 1 2 3 4 5
Learnability-your ability to pick up relevant information efficiently
15 | I found it necessary to revisit documents 1 2 3 4 5
16 | I feel that [ learnt a great deal about archaeological dating techniques by 1 2 3 4 5
using the application
17 | I feel that I learnt the basics of archaeological dating techniques by using the 1 5 3 4 5
application
18 | I prefer this type of learning application to paper based learning techniques 1 2 3 4 5
19 | I could easily get to the information I required 1 2 3 4 5

Ease of Use- your ability to easily move around the system and learn the basic st

ructure of the hypertext network.

20 | The table of contents at the end of each document provided a good method of 1 ’ 3 4 5
moving around the application

21 | The table of contents provided me with some idea of the structure of the 1 ) 3 4 5
hypertext document network

22 | 1 found that using the table of contents to move around the application was 1 ) 3 4 5
helpful

23 | I found that having links within the text sections of the document and the 1 2 3 4 5
table of contents was very helpful

24 | I found the links within the text section of the document confusing 1 2 3 4 5

25 | The dynamic.change of link colours lead to confusion 1 2 3 4 5

26 | Shading parts of the text disrupted my reading of the text 1 2 3 4 5

27 | 1 knew which links to follow next 1 2 3 4 5

28 | The guidance given by the application was useful 1 2 3 4 5

29 | This application was generally confusing to use I 2 3 4 5

30 | This application maintained too many adaptive hypermedia techniques 1 2 3 4 5

31 | The guidance given by the coloured links was very useful 1 2 3 4 5
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32 ] [ often became lost and disoriented when using the application 1 [ 2 ] 3 t 4 T 5
Flexibility- you are able to customise the adaptation of the system to your requirements
33 | I felt I had control over the system 1 2 3 4 5
34 | Understanding the adaptability of the application was easy. 1 2 3 4 5
35 | The guidance given by shading sections of text was very useful 1 2 3 4 5
36 | I followed the green highlighted links because they were helpful 1 2 3 | 4 5
37 | T sometimes followed the red links knowing I was not supposed to 1 2 3 4 5
38 | The documents presented were at the right level for my knowledge 1 2 3 4 5
My current knowledge on the following topics is No Basic More Great deal
knowledge Knowledge | detail of detail

Radiocarbon dating

Basic definition of radiocarbon dating
How to collect samples

AMS -

Obsidian (Fissian track analysis) FTA
What obsidian is

FTA

Dendrochronology

What Dendrochronology is
Thermoluminescence

What Thermoluminescence is
Potassium Argon

What Potassium Argon is
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Appendix M Second Empirical Study- Post-Session

Questionnaire for the Users of Application B

Post Evaluation Usability Questionnaire For the Application B Users. - Thank you for your co-operation

These answers will remain confidential

Question

Answer

strongly agree not sure disagree strongly

agree disagree
1 2 3 4 5
Subjective satisfaction- your personal attitude towards the application
1 I would consider using this application when learning 1 2 3 4 5
2 [ feel that a multiple number of windows within a learning package are 1 2 3 4 5
useful
3 | Adaptive hypermedia is a useful idea 1 2 3 4 5
4 I could easily dgfine my content expertise levels on the online form 1 2 3 4 5
5 | I'would use an application such as this in place of a teacher 1 2 3 4 5
6 | This application was pleasant to use 1 2 3 4 5
Learnability-your ability to pick up relevant information efficiently
7 [ found it necessary to revisit documents 1 2 3 5
8 | Ifeel thatllearnt a great deal about archaeological dating techniques by ) 2 3 4 5
using the application
9 | I feel that I learnt the basics of archaeological dating techniques by using ) 9 3 4 5
the application oot
10 | I prefer this type of learning application to paper based learning techniques 1 2 3 4 5
‘ 1 2 3 4 5

11

I could easily get to the information I required

Ease of Use- your ability to easily move arcund the system and learn the basic

structure of the hypertext network

12 | The table of contents at the end of each document provided a good method ) 2 3 4 5
of moving around the application

13 | The table of contents provided me with some idea of the structure of the 1 5 3 4 5
hypertext document network

14 | I found that using the table of contents to move around the application was I 2 3 5
helpful

15 | I found that having links within the text sections of the document and the 1 2 3 4 5
table of contents was very helpful

16 | I found the links within the text section of the document confusing 1 2 3 4 5

17 | The dynamic change of link colours lead to confusion 1 2 3 4 5

18 | I knew which links to follow next 1 2 3 4 5

19 | The guidance given by the application was useful 1 2 3 4 5

20 | This application was generally confusing to use 1 2 3 4 5

21 | This application maintained too many adaptive hypermedia techniques 1 2 3 4 5

22 | The guidance given by the coloured links was very useful 1 2 3 4 5

23 | T often became lost and disoriented when using the application 1 2 3 4 5

Flexibility- you are able to customise the adaptation of the system to your requirements

24 | 1 felt I had control over the system 1 2 3 4 5

25 | Understandirg the adaptability of the application was easy. i 2 3 4 5

26 | I followed the green highlighted links because they were helpful 1 2 3 4 5

27 | I sometimes followed the red links knowing I was not supposed to 1 2 3 4 5

28 | The documents presented were at the right level for my knowledge 1 2 3 4 5
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My current knowledge on the following topics is

No knowledge

Basic
Knowledge

More detail

Great deal
of detail

Radiocarbon dating

Basic definition of radiocarbon dating
How to collect samples

AMS

Obsidian (Fissian track analysis) FTA
What obsidian is
FTA

Dendrochronology
What Dendrochronology is

Thermoluminescence
What Thermoluminescence is

Potassium Argon
What Potassium Argon is

-
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Appendix N Second Empirical Study- Post-Session
Questionnaire for the Users of Application C

Post Evaluation Usability Questionnaire For Application C. - Thank you for your co-operation These
answers will remain confidential

Question Answer
strongly agree notsure disagree strongly
agree disagree
1 2 3 4 5
Subjective satisfaction- your personal attitude towards the application
1 I would consider using this application when learning 1 2 3 4 5
2 I feel that a multiple number of windows within a learning package are 1 2 3 4 5
useful
3 I could easily define my content expertise levels on the online form 1 2 3 4 5
4 I would use an application such as this in place of a teacher 1 2 3 4 5
5 This applicatiorf'was pleasant to use 1 2 3 4 5
Learnability-your ability to pick up relevant information efficiently
6 I found it necessary to revisit documents 1 2 3 4 5
7 I feel that I learnt a great deal about archaeological dating techniques by ) ) 3 4 5
using the application
8 I feel that I learnt the basics of archaeological dating techniques by using I 2 3 4 5
the application
9 I prefer this type of learning application to paper based learning | 2 3 4 s
techniques
10 | I could easily get to the information I required - i 2 3 4 5
Ease of Use- your ability to easily move around the system and learn the basic structure of the hypertext network
11 | The table of contents at the end of each document provided a good
. - 1 2 3 4 5
method of moving around the application
12 | The table of contents provided me with some idea of the structure of the 1 5 3 4 5
hypertext document network
13 | I found that using the table of contents to move around the application
1 2 3 4 5
was helpful
14 | I found that having links within the text sections of the document and the I 2 3 4 5
table of contents was very helpful
15 | I found the links within the text section of the document confusing 1 2 3 4 5
16 | I knew which links to follow next 1 2 3 4 5
17 | The guidance given by the application was useful 1 2 3 4 5
18 | This application was generally confusing to use 1 2 3 4 5
19 | I often became lost and disoriented when using the application | 2 3 4 5
Flexibility- you are able to customise the adaptation of the system to your requirements
20 | I felt I had control over the system 1 2 3 4 5
21 | The documents presented were at the right level for my knowledge I 2 3 4 5
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My current knowledge on the following topics is

No knowledge

Basic
Knowledge

More detail

Great deal
of detail

Radiocarbon dating

Basic definition of radiocarbon dating
How to collect samples

AMS

Obsidian (Fissian track analysis) FTA
What obsidian is
FTA

Dendrochronology
What Dendrochronology is

Thermoluminescence
What Thermoluminescence is

Potassium Argon
What Potassium Argon is

-
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Appendix O Survey Data

237 subjects took part in the first survey. The following tables show the results.
Please note that some subjects did not answer all of the questions.

Confidence on computers by Gender
‘ Male % Female

v o,
Computer Confident 52 21
Neutral 29 65
Not Computer 7 7
Confident

. Confidence at using e-mail by Gender

e-mail expert 20 11
Neutral 58 46
e-mail novice 16 36

Confidence at using MS Office by Gender
~ Male% Female

MS Office expert | 17 |8
Neutral 58 74
MS Office novice 19 14

Confidence at using the WWW by Gender

WWWW expert 21 4
Neutral 41 41
WWW novice 33 50

MCM Windows Freedom by Computer Confidence
. Confident at  Neutral Not

using a (numbers) confident at

computer using a
(numbers) ' computer

(numbers)

MCM allows too much | 29 43 2
windows freedom

Neutral 33 37 5
MCM does not allow 2 5 2
too much windows

freedom
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Prefer the system to provide hints as assistance by windows management experience
Expert at Neutral Expert at
windows (%) windows
management management
%) (%)
Require hints from the | 23 33 43
system

Windows management experience by Gender
" Expert at Neutral %  Expert at

windows windows
management management
% Yo
Male 21 38 39
Female 13 41 44
4442
Computer confident ' Word processor _Www
.. % , % %
Exp | Neu |Nov ! Exp | Neu | Nov | Exp | Neu Nov | Exp | Neu | Nov
Computer 45 55 0 55 45 0 38 55 5 38 62 0
science
Arts 13 60 26 13 73 13 26 60 13 30 40 30
Medicine- i1 45 44, 38 50 12 13 2] 63
Oceanograp | 39 36 21 17 78 % 19 75 5 4 75 17
hy
Mechanical | 50 25 7 21 67 11 21 67 11 23 50 28
engineering

Arts include subjects from Archaeology, Language Centre and History.
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4443
Not all of the subjects answered this question
User Prefers to ask the application for assistance by found relevant information easily
‘ Found Neutral  Found
relevant (%) relevant
information information

; . : easily (%) easily (5)
Prefer to ask 42 39 19
application for
assistance

User Prefers to ask the application for assistance by found relevant information easily
" ' Computer Neutral Not
contident (%) (%) computer
contident

- _(numbeys)
Prefer application to 39 36
°| make changes itself
automatically
Do not prefer 61 64 -

application to make
changes itself
automatically

4.4.4.4

User gets distracted by age group

Not easily
Distracted

Nentral %

Easily

 Age Group
| Distracted %

%

3-4 18 23 0
5-6 0 3 0
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4445

 Country of High Computer Neutral % Not

School Education Confident % Computer
. _ . Confident %
Europe 84 91 29

America 0 1 1
Far East in Malaysia, 7 12 0
China, Hong Kong,

Singapore

Africa and India inc. 4 0 1
Sudan, Nigeria
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