Making Web-based L ear ning Adaptive
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Abstract: This work stems from a project funded by the Arthritis Research Campaign
(ARC) to develop a web site, JointZoneld, for the study of Rheumatology for both
undergraduate medical students and practicing doctors. The educational application
incorporates both declarative and procedural knowledge, providing students with a
chance to acquire knowledge on rheumatic disorders as well as develop clinical reasoning
skills through a series of graded case studies. In order to enhance learning and reduce
cognitive overload, which can be associated with hypermedia environments, adaptive
hypermedia techniques (Brusilovsky 2001) have been integrated into the core of a web-
based learning environment. This paper discusses the adaptive features employed and the
pedagogical rationale involved in developing the web site.

1. Introduction

Resources in an information-rich hypermedia environment allow users to browse the materia in an informal way
until something of interest commands greater attention. Alternatively, they may search the material in a goal-
directed manner to find the information they need. The former is analogous with an informal learning environment
(Duchastel 1989) where one's attention skims a wide range of information. However, a corpus of information in a
hypermedia environment is not necessarily an ideal learning environment asit is essentially 'non-pedagogical’, and
generaly provides minimal structural support (Duchastel 1992). However, this mode of learning can be effective if
the reader already has a fairly well developed schema (a persona construct of related information) for the material
being read. A schema actsto filter incoming information and provides a framework for processing information. For
a well-developed schema, paying scant attention to material as often happens when browsing, is very often enough
to modify a schema, and hence learn. Practitioners, or those knowledgeable in a field therefore, may use this
technique in a casual manner and informally upgrade their knowledge of a subject. Novices on the other hand, with
less well-developed schemas, are more easily overwhelmed and quickly suffer from cognitive overload. General
browsing therefore is not necessarily an effective learning method for them (Mayes et al. 1990). Goal-directed
learning on the other hand is more focused, affording a greater opportunity to attend to the material. It isimportant
therefore to provide guided support, or scaffolding for novices while alowing the more advanced reader to move
more quickly through the material. The nature of hypermedia as a searchable network of information can enhance
goal-directed learning through effective search facilities while also alowing easy access to a wide variety of
material for browsing. However, both these functions of hypermedia can still lead to a cognitive overload (Thuring
et al. 1995) as even with goal-directed learning a vast array of linked resources can be presented to the learner.
Adaptive hypermedia is one approach that takes into account the reader’s knowledge level and can present an
appropriate selection or an adapted set of content nodes - adaptive presentation. It can also provide adaptive
navigational support offering a selection of links based on reader knowledge and, or readers browsing history
(Brusilovsky 2001). In both these cases, adaptive mechanisms support the reader by offering a guided set of
documents/ or links with the aim of reducing the cognitive overload, thus enhancing the reader’s ability to attend to
pertinent documents and learn. In view of these issues, our task within this Rheumatology project has been to place
learning materials online which ensure coherency and a good accessibility to information without causing



disorientation. Since we are using a closed corpus of information, we are able to collect information from the user
on entry which is used to develop a supportive learning environment through adaptive hypermedia techniques.

Three major roles have been involved in the development of this project to encourage effective web-based
learning. There is the web author, whose major responsibility is to develop a coherent information model employing
adaptive hypermedia techniques, changing a static website into a dynamic one with tailored links and navigational
aids to enhance orientation and reduce cognitive load. There is the domain expert, whose role is to provide
information (declarative knowledge) on various topics within the domain, and learning material that encourage
readers to structure this knowledge by constructing relations between pieces of information (structural knowledge).
In addition, an opportunity is provided for readers to interpret various elements within a virtual clinical interview
(procedural knowledge), emulating the activity of an expert practitioner (Jonassen 1991). Finadly, there is the
education expert, whose role is to understand the structure of the domain, anticipate the needs of readers and their
potential understanding of the content at any given point. This role offers advice on learning support and
scaffolding strategies that enhance readers ability to develop their current schemas, construct new ones and develop
cognitive skills that allow them to apply the knowledge they have within their professional context.

In this paper we shall first outline the implementation of JointZoned and our pedagogical approach in
developing readers’ procedural knowledge through a cognitive apprenticeship model. Then we shall explain the
adaptive mechanism employed in JointZone.

2. Implementation

When constructing a framework for the JointZone[d application, an information model (see Fig. 1) was developed to
feature three types of 'separation’ (as described in (Lowe & Hall 1999, p.67)) namely: the separation of presentation
code from information (content), the separation of links from content, and the separation of logic from information.

These three features were taken into consideration in the design in order to reduce the authoring effort by
re-using the resources and to facilitate the maintenance of the application. As shown in Fig. 1, the information model
outlines the different entities in the application (content, user data, link data, presentation code and logical data) and
they are implemented using different web technology to emulate the notion of separation of concerns.
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Figure 1: The information model of the JointZonell application

The latest web technologies such as XML, XSL2 and JavaServer Pages [ have been used to implement the model.
XML is used to store and structure the content while XSL is responsible for its presentation style. This allows data
to be separated from information and encourages information re-use. For example, the same copy of XSL style sheet

[ xmL (Extensible Markup Language) is the markup language that provides a mechanism for inventing new
elements.
[4] XSL (Extensible Stylesheet Language) is the style sheet that renders the presentation of XML on aweb browser.



can be used to display more than one XML page. Likewise, only one copy of XML content is maintained even if it

is presented in different ways in the browser. On the other hand, the logical bits of the web site, i.e. session tracking

of users’ activity, the adaptivity engine and the search mechanism have been implemented using JavaSénver Pages
(JSP). The JSP technology allows the integration oflJaades into HTML pages to facilitate dynamic content
generation, which makes the adaptation of links and contents possible. In short, all the components described above
contribute to the notion of separation of concern, which facilitates maintenance.

We employ link databases tinkbases (Hall et al. 1996)o store links separately from the documents to
which they refer. This implies the separation of links from content. Links are not only a means to traverse the web
site but also embody the semantic relationship between the nodes (web pages). Proper link management therefore is
essential for the orientation and usability of the application. From the perspective of learning, good management of
links can reduce users’ cognitive overload that can result from poor orientation and navigation facilities. Hence we
employ the use of different types of links to better manage the linking of information pieces. We adopted the
following link taxonomy from (Lowe 1996, p. 33):

Sructural links illustrate the structural layout of the web site. These include ‘jump’ links within a page to
provide direct access to page fragments, ‘next’ and ‘previous’ page links that ensure coherency between the
documents, and the provision of the ‘table of contents’ to give a meaningful overview of the information site.

Referential links are essentially glossary links that relate a word in context to its definition. The main
difference between structural links and referential links is in their linking mechanism. Referential links are
abstracted from the idea of generic linking (Hall et al. 19@&re links are not embedded inside the documents but
stored in the link databases. They can appear anywhere in any document where a glossary word exists. Hence these
links are not handcrafted but automatically generated using an offline pre-processing mechanism, another feature
that eases authoring effort. The glossary links are highlighted in green and are resolved in real time from the link
database once followed by the users. The effect will be a pop up window explaining the word that a user has
selected. From the learning perspective, the glossary links are useful for learners to expand their knowledge of the
terminology within the knowledge domain.

The idea of generatinggsociative links comes from the usual phenomenon of users browsing in the current
context to find more information about a particular concept. For example, when users are reading a document or
solving a problem that concerns concept ‘X', links to other documents are suggested, which they could find out
more about ‘X’ in other documents (Lowe & Hall 1999). Hence, these links are called associative links because they
associate two or more documents based on a common concept. Associative links are stored in a linkbase where each
of them is indexed or retrieved based on a keyword or concept. From a learning perspective, this link type is used for
goal directed learning where the user will search on a concept to find a series of related documents.

3. Learning lssues

JointZonell provides a rich source of material to enrich users' domain (declarative) knowledge in: basic science,
rheumatic disorders, approach to patient, investigation and disease management. This network of information can
be used by all readers in a browsing or goal-directed learning mode and is suitable for medical students and
practising doctors. Information can be found using the site's internal search engine or selecting sections from the
side menu bar to reveal documents, and as documents are selected, their linked structure becomes visible on the side
menu. However, domain competence is more than domain knowledge, it also comprises a whole range of skills and
for medicine, skills based competence is vital. These skills are: a) physical, e.g. equipment and procedures and, b)
cognitive, e.g. analysis, interpretation and decision-making. It is the cognitive skills that demand a more
sophisticated learning process if they are to develop (Kinshuk 2001) and with adaptive hypermedia mechanisms we
are able to match the content level with the student's knowledge through interactive case studies. A case study
approach was adopted fdointZonel as it can holistically represent the complexity of clinical reasoning. Students

are then able to develop their procedural knowledge, which elaborates how doctors approach problems, interpret
clinical information and make decisions (DesCoteaux & Harasym 1998).

3.1 Developing Cognitive Skillsthrough Procedural Knowledge

Some of these critical skills and processes that medical students need to learn are decision-making, reasoning and
problem solving (Greening 1998); essentially skills that relate to a clinical diagnosis and management which is a
pivotal activity for all physicians (Nkanginieme 1997). To develop these skills, it is important for students to
practice relating disparate pieces of information from a patient within the clinical context. The graded case studies



in JointZoned provide clinical medical education that develops students’ clinical reasoning skills within the domain
of Rheumatology.

The advanced case studies were developed to encompass a wide range of information available in the
clinical context. These were generated following a heuristic analysis of the clinical decision making process by an
expert practitioner. Our analysis reflects the cognitive skills identified by Nkanginieme (Nkanginieme 1997),
namely that physicians. a) obtain and recognise symptoms in the patient, b) identify the appropriate system
involved, c) speculate on the pathological processes, d) differentiate pathological processes, €) identify the possible
causes of the pathology, f) evaluate all pieces of information and make a clinical diagnosis. To support student
development of these cognitive skills, explicit procedural steps for the clinical interview were presented: the referral
letter, patient history, the examination, investigations, diagnosis and clinical management. On working through
these stages, students are confronted with a wide range of options, such as results from investigations: diagnostic
imaging, haematology, immunology, microbiology, serology, and synovial fluid aspiration, which give students
information pertinent to the case under study. The clinical observations they gather by working through the case
study are recorded so the student has ongoing access to this information as they proceed. At the diagnostic stage,
students are given a complete record of the examination findings and investigations. If the system feels insufficient
or inappropriate information has been gathered this will be pointed out to the student. From a list of possible
diagnoses, students select their preference based on their interpretation of clinical information gathered. They then
obtain subsequent feedback on why that diagnosis is likely to be appropriate. This feedback, and the feedback
across al case studies, makes explicit the expert’s heuristics of clinical reasoning. This is an attempt to share that
clinical expertise through a modelling or a cognitive apprenticeship (Collins et al. 1989) approach, and it displays
the underlying principles and rationale of the clinical diagnosis and completes the process. This enables students to
develop their cognitive skills, providing aframework for problem solving and hence clinical reasoning.

Case studies for beginners and intermediate level students are much narrower in scope and the choices are
more restricted. However, as with the advanced case studies, the feedback mechanism serves to model expert
thinking in how to solve these problems. The goal for beginner case studies is to recognise the value of particular
pieces of clinical information, identify the pertinent investigations and make a diagnosis. For the intermediate
students, the goal is to reassess a case in which the original diagnosis is under question. For both these levels,
students are given scores on their performance in reaching a diagnosis. A random selection of items is penalised.
Through these case studies, students learn to recognise and interpret the value and relevance of disparate pieces of
information that are integral to any clinical scenario. In this way students construct their own understanding of the
relationship between the pieces of information rather than having it imposed upon them. This encourages a
cognitive flexibility (Spiro et al. 1992) that isvital for the complex world of the physician.

3.2 Bridging the Declarative and Procedural Knowledge Adaptively

At the end of all case studies, students have access to an "adaptive reading room’ (see section 4) where links to
pertinent domain knowledge are made available. This adaptivity feature gives advanced users a wider range of
pertinent documents than those with less knowledge. An example of thisis for the concept 'osteoporosis, advanced
students have access to the following sub-concepts. osteoporosis, crush fracture, densitometry, bone scan, and
corticosteriod while intermediate students have access to osteoporosis, crush fracture and densitometry, and
beginners have access simply to osteoporosis. However, there is no restriction to information for any user group
should they wish to investigate further. The list of suggested reading titles is identified for each case study and
presented adaptively. Each document title in the list will indicate the amount of attention that reader has aready
paid to the particular document through a green icon indicator alongside the title, (see Section 4). Hence, the
‘adaptive reading room’ and the textual glossary links throughout all cases act as a bridge between declarative and
procedural knowledge in the application.

4. Integrating Adaptive Features

We have briefly mentioned adaptive case studies (for beginner, intermediate and advanced level) and the adaptive
reading room in the previous section. For some background, adaptive hypermedia (AH) (Brusilovsky 2001) systems
essentially revolve around the idea of adapting information to users' differences (knowledge, background, interest
etc). One of its aims is to protect users from getting lost in hyperspace by limiting their browsing space or providing
advice. In our case, the integration of adaptive hypermedia will hopefully counteract some of the negative effects of
self-exploratory learning on the web.

Our main reason for integrating adaptive features into a web-based learning environment is to cater for
users’ needs that arise due to individual differences. This can be accomplished by adapting information to users in



several ways. Firstly, their knowledge level, where information is presented based on users’ current level of
knowledge. Each user’s knowledge level is evaluated by means of either a prior knowledge test upon initial entry to
the application or a self-selecting level based on registration details. Secondly, theraasits history provides
personalized browsing aids for individuals, so that they can concentrate on pages they have not read adequately. The
browsing history is a record kept by the system to keep track of pages that have been read by the users and how
much time they have spent on those pages. The system estimates the degree of effort a user has spent on a particular
page by comparing an optimal reading time (set by the system on each page) with the actual time spent by the user
on the page. In order to make the estimation more accurate, the system will consider the individual's effective
reading speed (Jackson & McClelland 1979) and the length of the page when estimating the effort that has been
spent on each page (Ng et al. 2001). Thirdly, e gf the user is employedy pointing users to pages based on
their selected reading goals. These short-term goals are captured explicitly from the users’ input, when they select a
reading goal. From a learning perspective, short-term goals provide guidance in a self-exploratory learning
environment where the user’s declarative knowledge of the domain can be enhanced. Instead of free browsing, users
can therefore focus on a topic or goal.

In JointZoned we have used adaptive features based on users’ knowledge level, browsing history and
reading goals mentioned above. atfaptive case studies (as explain in Section 3.1), users are directed to the graded
case study section based on their current knowledge level. p&kanalised site map (see Fig. 2) provides an
overview of the web site showing all the web pages and their physical layout (headings, subheadings) on the site.
Once a user has registered with the system, their browsing history and time spent on each document is logged,
enabling this personalised site map to be presented. Pages are annotated with a three-color-band code to indicate
their reading gauge — a visual representation of the amount of time a user has spent reading individUdlepages.
personalised topic map is similar to the personalised site map, but instead of showing all pages on the site, it shows
only the pages that are related to the current reading topic. To initiate this, a user is required to choose a reading
topic from a pull down menu, for example ‘gout’. A topic-based map will then be presented showing only pages that
are related to the reading topic and the pages are highlighted adaptively according to the user’s browsing history.
Finally, theadaptive reading room supports user-driven tasks. Unlike the two navigational maps mentioned above,
which apply to general free browsing, adaptive reading hints are integrated with the interactive case studies. When a
user has finished working on a case study, he or she might want to know more about the concepts related to that case
study. The adaptive reading room hence offers a reading list that is adapted to the user's knowledze level,
described in section 3.2.
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Figure 2: A partial screen shot of the personalised site map
6. Conclusion and Work

The overall aim of this web-based learning environment was to provide a rich source of information that effectively
supports the learner through the adaptive features and allows users to engage with material more effectively. We set
out to achieve this through careful hypermedia authoring while maintaining a constant awareness of users’ needs.
Our main strategies for developing an effective learning environment on the web were to:



e provide a personaised information delivery system that through adaptive hypermedia technique, allowed users
to maintain an overview of the documents they had read or not read. We have aso linked the procedural and
declarative knowledge in the application adaptively, to prevent cognitive overload and facilitate the process of
learning.

» design learning materials that develop medical students' cognitive skills in clinical reasoning via, graded
interactive case studies.

» reduce authoring effort and increase maintainability of the application through the separation of concerns in
authoring.

* increase the usability and accessibility of information through various linking strategies.

A comprehensive evaluation of the adaptive features is currently being undertaken to scrutinize their
effectiveness in terms of learning and information access. This evaluation will give us some insights into whether
adaptive web-based learning really benefits the students or whether it is a mere technol ogy-driven technique in a
learning paradigm.
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