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Abstract

Current examples of computer-based learning materials are often technically
strong but educationally weak. This work aims to redress this imbalance
through the development of a theoretical framework, the courseware
development model (CDM). It adopts a multi-disciplinary approach comprising
elements of marketing management, project management, prototype
development, quality management and educational theory. The CDM helps
bridge the gaps between educational theory, user requirements and computer

assisted learning.

The primary objective of any courseware package is to be an effective learning
aid. The CDM therefore proposes that the development of courseware based
on educational theory is not only practical but also effective. This study explores
aspects of educational theory and discusses appropriate applications in

courseware design.

Theory is applied in chapters 6 & 7 in which the CDM is used to develop a
courseware package, the Health Economics Learning Package (HELP), for use
in medical education. These chapters illustrate how each component part of the
CDM was used to produce the package. HELP was developed through a series
of prototypes each tested with end users. Feedback was used from these
evaluations to define and make adjustments to the design of HELP. An
experiment was also conducted to test the educational effectiveness of the

package.

The CDM is a new theoretical framework that guides courseware development.
It helps develop high quality courseware packages that: (1) are what users want;

(2) are easy and intuitive to use and (3) are educationally effective.



Preface

Computer based educational materials (courseware) have the potential to be
effective learning resources. For example, the General Medical Council
recognise the opportunities offered by computers for supporting learning
(GMC, 1993) and information technology will play an increasingly larger part
in medical student learning. The use of courseware to support traditional
teaching is becoming widespread in higher educational institutes. As a
result of this, individuals (e.g. lecturers) are transferring paper-based
teaching materials onto computer often with disastrous results (Mc Donough,
1993).

Individuals who produce courseware generally work in isolation from
students and do not posses the skills necessary to develop high quality
products (e.g. interface design, computer programming and graphic design
skills). The courseware that results is often difficult to use and educationally
and technically weak. Courseware produced by commercial organisations
are generally technically superb incorporating innovations such as
multimedia and virtual reality. However, these packages are produced with

very little input from educational theory.

The literature does not provide a holistic view of the development stages
necessary for producing educationally effective courseware that is easy and
intuitive to use and is what learners want and need. There is a great need
for a courseware development framework that illustrates the key stages of
high quality courseware development.

| therefore present in this piece of research a framework, the courseware
development model (CDM), that helps incorporate educational theory and
user requirements in the design and development of courseware. This
framework, | believe, helps produce courseware that is based on
educational principles, is easy and intuitive to use and is what users want.
The CDM promotes meticulous planning, organisation, piloting and

communication as the key elements of success in projects of this type. The
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CDM is primarily aimed at academic organisations (or individuals) who wish
to develop courseware. The CDM has therefore been used in this thesis by

an academic organisation to develop a piece of courseware.

This research is presented in eight chapters. The first chapter states the
aims and objectives of the research. It describes the methodology used to
produce the CDM and provides an overview of its component stages. The
salient features of the CDM are discussed in detail.

Chapter two provides an introduction to modern courseware applications and
describes categories into which these packages can be classified. The role

computers have developed in education is also discussed.

Chapter three describes aspects of educational theory and its application for
courseware design. Some models of memory and learming strategies are

discussed in detail.

Chapter four discusses tools drawn from industrial and commercial
managerial backgrounds that are used by the CDM. These tools facilitate
project planning, communication, piloting and organisation and form the
basis of the CDM.

Chapter five describes in detail the component parts of the CDM. The
underlying mechanisms of each stage are detailed and related to

courseware development.

Chapter six illustrates an application of the CDM to develop the Health
Economics Learning Package (HELP) for use in medical education. This
chapter provides an overview of HELP’s features and describes the initial

stages of the HELP project.

Chapter seven describes the development of HELP. It discusses and
analyses the prototype evaluations conducted with end users. This analysis
illustrates how feedback from end users helped to shape the design of the
HELP package.

11



Chapter eight discusses the results and observations that arose from an
application of the CDM to produce HELP. These results and observations
relate to the effectiveness of the CDM and general courseware design
principles. Further work is described and applications that have been

developed using elements of HELP are illustrated.

The results of this research suggest that the CDM is an effective guide to
developing courseware. This multi-disciplinary approach integrates
educational theory and user requirements with the design and development
of courseware. The CDM also provides developers with the necessary tools
to manage a courseware project. However, weaknesses of the model have
been identified and work beyond this thesis will address these problems.

This research was conducted with the support of the National Medical

Advisers Support Centre for whom the HELP package was developed.
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Chapter 1: Introduction

This study describes the evolution of a courseware development model designed
to bridge the gaps between educational theory, user requirements and computer
assisted learning. The model uses tools and strategies drawn from five areas:
(1) marketing management; (2) project management; (3) prototype development;
(4) quality management; and (5) educational theory and practice. The model
provides the means for academic organisations to develop high quality computer-
based teaching materials.

1.1 The problem

Courseware are learning aids that present educational material in novel ways
with the flexibility to adapt to different learning and teaching styles (Suppes,
1966). This definition of courseware describes any form of educational material,
not necessarily computer-based. However, the present study is solely interested
in the development of computer-based courseware. Therefore the term
courseware used in this thesis specifically relates to computer-based teaching
materials.

Courseware has existed for many decades (Darby, 1992), however one of the
continual problems with courseware development is that the courseware which
finally emerges from the development process is not what users or those who
commission the courseware wanted at the outset (Gray & Black, 1993). There is
therefore a need for development methods that help produce courseware that
people want and need.

13






A maijor problem is the balance between technological and educational focus.
The most common forms of courseware are packages that are technologically
focused and based on modern technical innovations (e.g. multi-media or virtual-
reality) and often have very little educational input. These have a novelty value
which soon disappears when the learner tries to use them to study. Courseware
that is educationally focused is very rare and, although designed to support
learning, often appear dull and boring to use. These packages are usually
heavily text-based with non-interactive diagrams and pictures. Common
problems associated with these packages maybe summarised as:-

« screen layout of information is often cluttered and uncomfortable to
read

e the learner is restricted to a pre-defined sequence of information

¢ low-level user interaction

¢ unimaginative methods of presenting information

¢ educationally in-effective self-assessment facilities

« no map facilities to illustrate structure and content of information and
aid user navigation

e poor user-interface

Figure 1.1 illustrates a self-assessment facility part of a CD-ROM based
courseware package aimed at teaching respiratory tract infection. This self-
assessment test comprises multiple-choice questions. The learner selects
options (numbered 1 to 5) they feel are correct answers to the question. An ‘X’
or a 'Y’ appears indicates an incorrect or correct answer respectively. The test is
negatively scored and a cumulative total is displayed. The package offers no
form of feedback as to why answers are right or wrong. The learner has
therefore to draw his or her own conclusions. The learner can access any
number of questions from a bank of two hundred. However, the package does
not record the questions the learner has attempted in the current sitting or in any
previous sitting. The score for a test is not recorded. The learner will therefore
have difficulty evaluating their progress. This form of self-assessment has very
few educational benefits and does not utilise technology to its full potential.

This work proposes a courseware development model (CDM) that helps bridge

the gaps between user requirements, educational theory and courseware
developers (technology). Courseware that integrates educational theory and

14



practice and modern technology to fulfill user needs is described in this work as

‘high quality’ courseware.

~ MEDIROM QUIZ SYSTEM

Figure 1.1 - An eampIe of . tf-assessmnt facility its

1.2 Research Objectives

This study has three research objectives: (1) to develop a model that will help
produce high quality courseware; (2) to show that the model is an effective
means of developing high quality courseware; and (3) to show that an academic

organisation can use the model to develop high quality courseware.

1.3 Developing the Model

Four empirical requirements were identified that would need to be addressed in
order to produce high quality courseware. These are illustrated in table 1.1.

1| deliver courseware that users want

2 | develop courseware that is easy and intuitive to use

3| deliver an effective learning aid

4| develop on-time and within budget

Table 1.1 - Four objectives of the quality courseware development model

15



The model uses tools that help courseware developers address each of these
requirements. The next section describes the tools used by the model.

1.3.1 The Tools Used

The research method used in this study focused on tools used by industrial and
commercial organisations to help develop high quality products. These tools
were initially drawn from three areas: (1) marketing management to address
objective 1; (2) project management to address objective 4; and (3) prototype
development to address objectives 1 and 2. Industrial and commercial
organisations use ‘quality management’ tools to facilitate the process of
developing a high quality product. The courseware development model therefore
draws on a fourth area: (4) quality management, to facilitate the production of a
high quality courseware.

The model also draws on educational theory to help deliver an effective learning
aid (requirement 3). Some educational strategies are explored and suggestions
made about how they could influence the design of courseware.

The development model proposed by this study is therefore influenced by five
areas: (1) marketing management; (2) project management; (3) prototype
development; (4) quality management; and (5) appropriate educational
strategies. Figure 1.2 illustrates these five areas.

The tools drawn from these five areas help to address the four requirements of

high quality courseware, page 3. The next section describes how the tools were
arranged to form the development model.

16



Marketing
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M
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Courseware
Development Model

Quality
Management

Prototype
Development

Figure 1.2 - The five areas influencing the model

1.3.2 Structuring the Model

The CDM comprises a structured path consisting of the tools drawn from the 5
areas influencing the model. The initial stage of the model's development
identified the different parts of a project in which the tools are used.

Research into project management, described in chapter 4, has revealed three
different stages of a project. These are: (1) birth; (2) growth; and (3) completion.
These stages can be broken down into four more explicit phases: (1) proposal &
initiation; (2) design and appraisal; (3) execution & control; and (4) finalisation &
close-out. This project structure is illustrated by figure 1.3.

The tools drawn from the five areas were assigned in a sequence of order to the
different phases of a project. The following paragraphs explain where each tool

is used in the project and why.

The function of the marketing management tools identified by this study are to
evaluate market potential and extract consumer requirements. These tools are
therefore used in the proposal&initiation phase of the project where the purpose
of the project and user requirements are established.

17



STAGES

Birth —1» Growth —1»Completion
PHASES

Proposal &

Inintiation . 1 .
. Execution & Finalisation &
v = contol [ > Close-Out

Design &

Appraisal

Figure 1.3 - The stages and phases of a project
The project management tools help monitor and evaluate progress as well as
clarifying individual roles. These tools are therefore used throughout the duration
of a project and are therefore used in all stages and phases.

Prototype development is essentially a means by which a product is developed in
stages. Prototype development is therefore utilised in the execution&control
phase of a project where a product is developed.

Quality management offers two different strategies: (1) quality assurance; and
(2) quality control. These help monitor and evaluate the quality of a product
being developed. These strategies are also used in the execution&control phase
of the project so that quality can be continually evaluated during development.

The educational theories explored in this study are used to inform the design of
courseware. An individual step in the design&appraisal phase is dedicated to the
identification of appropriate educational theory.

The steps that form the courseware development model resulting from assigning
tools to the different parts of a project is illustrated in chapter 5, which also
discusses the control mechanisms and underlying theory for each component
part of the model. The next section highlights the most salient features of the
CDM.

1.3.3 The Courseware Development Model

The CDM identifies user requirements and specifications as the key inputs to the
development of courseware. Marketing management and prototype development

18



tools, discussed in chapter 4, are used by the courseware development model to
extract, clarify and evaluate user requirements and specifications. The
marketing management and prototype development tools ensure courseware
developers maintain active communication with users during development of
courseware. These tools are therefore used to help bridge the gap between the

courseware developers and users.

Courseware aims to facilitate effective learning. The CDM therefore draws on
appropriate educational theory to help bridge the gap between education and
technology. The model use educational theory as an input on which the design
of courseware is based. Chapter 3 examines appropriate educational theory that
can be applied to the design of courseware. An application of educational theory
to courseware design is presented in chapters 6 & 7.

The software industry has discovered considerable benefits in developing quality
products. Quality in this setting is considered to be the fulfillment of user
requirements or specifications (Crosby, 1979). It has been found that the cost of
correcting an error when the software is in use is at least 250 times greater than
finding and correcting it at design stage (Turner, 1993). The courseware
development model uses 1 of 2 solutions: (1) quality control; and (2) quality
assurance, discussed in chapter 4, to maintain quality during development of the

courseware.

Academic organisations have not generally used the industrial and commercial
tools described in this study to help develop courseware. Courseware,
developed in an academic environment, is mainly the product of individual
enthusiasts (McDonough, 1993) focusing on material they have produced
themselves. Research shows that this approach to courseware development is
unlikely to be effective (James, 1986; Hammond, 1992). This study therefore
aims to show that academic organisations can use industrial and commercial
tools to help develop high quality courseware.

A successful project is one that delivers the required product on time and within
budget. The courseware development model incorporates project management
techniques: project plans; gantt charts; and role identification that help establish
time-scales, role responsibilities, a project plan and project progress. These

19



techniques help organise a project and reduce the risk of failure by the project

running late and hence over budget.

The project management tools, described in chapter 4, are combined to produce
a responsibility chart. This chart helps evaluate project progress and identify and
clarify individual roles and responsibilities.

1.4 Summary

This chapter has provided an overview of the work discussed in this thesis and
described a model which aims to address the apparent problems with
courseware development. This model aims to facilitate the production of
courseware that: (1) is educationally effective; (2) is what users actually want;
and (3) is easy and enjoyable to use. This work considers courseware that fulfills
these requirements to be of high quality. To facilitate the production of high
quality courseware the model uses tools drawn from marketing management,
project management, prototype development, quality management and
educational theory.

The next chapter offers an overview of the different forms of courseware. It also

describes, in more technical detail, the specifications that determine high quality

courseware.
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Chapter 2: An Overview of Courseware

This chapter provides an introduction to modern courseware applications. Firstly,
it offers a definition of computer-based courseware and describes the differences
between interactive courseware, passive courseware and computer aided
teaching packages. Two courseware frameworks, case-based and topic-based,
used for different educational strategies are also described. Multi-media is
explored to provide an overview of current leading-edge technological
innovations in courseware design. This chapter concludes by providing a broad
overview of the role computers have developed in education and discussing the
benefits of courseware and the diverse areas in which it is currently used.

2.1 Introduction

Courseware is often used in a generic sense to describe materials that have
been specifically designed and produced for use within some form of educational
environment (Bunderson, 1981, Barker and Yeates, 1985). Courseware, as
referred to in this work however, specifically relates to computer based
educational materials and as such could be described as ‘teaching through
computers’ (Ragsdale, 1982). The next section describes the different forms of

computer-based educational materials.

2.2 Different Types of Courseware

The are numerous acronyms used to describe computer-based courseware
materials:

21



e CAL = Computer Assisted Learning

e CML = Computer-Managed Learning

e CBT = Computer Based Training

e ALT = Advanced Learning Technologies
e CBL = Computer Based Learning

e |ITS = Intelligent Tutoring Systems

However, this work discusses the development of courseware that fulfills two

fundamental requirements:-

1. the learner can access and study information relevant to
them and at a pace and sequence that matches their
needs

2. the learner can assess how well he or she is learning
and keep a record of progress

The acronyms detailed above may describe materials that do not fulfill these
requirements. Computer-managed learning (CML) materials do not necessarily
fulfill the two basic requirements. For example, a computer-managed learning
package could comprise a database that keeps a record of study-modules a
learner has completed.

Advanced learning technologies (ALT) can describe any technological innovation
that can be used to support learning. ALT material therefore includes video-
based training packages which cannot fulfill the two basic requirements.
Computer based training (CBT) materials are primarily focused on teaching
(training) as opposed to supporting learning. CBT materials (e.g. video-disc
applications) restrict the learner to a pre-determined path of information that
addresses pre-defined learning objectives.

Computer assisted learning (CAL) or Computer based learning (CBL) are
acronyms that can be used to describe materials that fulfill the two basic
requirements. However, these acronyms are used by many as a blanket term to
describe any form of computer-based courseware. Most CAL or CBL packages
do not emphasise the underlying educational ‘process’ by which the learner and
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the computer interact. These packages tend to be a more convenient and
efficient way of packaging information. The educational benefits of these
packages are therefore limited. This thesis emphasises that it is the educational
process that is central to the effectiveness of learning with computer-based
educational materials. This work therefore defines courseware that focuses on
an educational process as Learner Centred Computer-Based Courseware
(LCCC). This form of courseware enables the learner to use the computer as a
resource to support learning. LCCC supports learners’ educational needs with
core information and the ability to assess and monitor progress. The following
sections describe further distinctions between the different types of courseware
that can be used to support different educational goals.

2.2.1 Passive and Interactive Courseware

The degree of involvement and control a user has over a courseware package,
determines two categories into which courseware can be classified: (1) passive;
and (2) interactive. Passive courseware uses the computer to assist in the
teaching of material over which the learner has very little control. The learner
studies information on a pre-determined route to address pre-set educational
objectives. Passive courseware therefore cannot be efficiently used to address
personal learning objectives as the learner has no control over the content and
sequence of information. Passive courseware does not fulfill the two basic
requirements, described on page 10, and is considered to be of little educational
benefit.

Interactive courseware is the form of computer-based courseware that this work
has described as Learner Centred Computer-Based Courseware. It requires the
student to maintain constant communication with the package and enables the
learner to explore information relevant to personal learning goals. The learner is
also provided with self-assessment facilities to help evaluate progress. The
educational features of interactive courseware are summarised by Walsh and
Bohn (Walsh & Bohn, 1990) -

 interaction which can hold the learners attention and interest;

e individualised, self-paced learning which allows learners to
proceed at their own rate;

o immediate feedback allowing learners to evaluate their own

progress;
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« flexibility in allowing learners to explore material to fulfill their
own schedules, needs and motivations.

Interactive courseware helps hold the student’s attention by making learning a
stimulating two way communication between the learner and information.
Interactive courseware also helps learners evaluate progress using self-
assessment features that provide instant feedback and guidance. Feedback is
therefore given at a time (during active learning) when it is needed and when the
student will benefit from it most. The impact of feedback may be lost in a post-
learning phase (Barker, 1987). There are software applications that are
incorrectly described as courseware. This software is often used to present
information using a computer. An example of this is the use of a computer to
assist a lecture (e.g. using Microsoft PowerPoint® to build computer-based
slides). This study however, does not consider this form of software to be
courseware but merely a more convenient and effective means of presenting
information (e.g. projecting colour images using a computer). This form of
software, when used in this context, would be more suitably described as
computer-aided teaching (CAT).

The next section describes two frameworks that interactive courseware can use

to present information and support learning.

2.2.2 Interactive Topic Based and Case Based Courseware

Interactive courseware can use two frameworks, topic-based and case-based, to
structure information and support learning. A topic-based framework teaches
concepts and principles through a series of tutorials relating to a particular
subject area. This framework structures information in a similar way to a book
offering a clear well defined structure of information. The learner can access
information relevant to their educational needs and motivations. An example of
an interactive topic-based courseware package is described in chapters 6 & 7.

Learning using an interactive case-based framework requires the learner to apply
trial and error judgments to a series of simulated events. Case-based
frameworks require learners to apply prior-knowledge to determine the outcome
of a simulated event. This enables the learner to test concepts and hypotheses

in an environment where no damage or ill-effect can result. This description
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appears to describe a simulation however, case-based courseware are not just
simulations. A simulation is normally used to replicate events on a computer that
are expensive or dangerous to physically re-produce (e.g. aero-dynamics of an
aeroplane). Simulations generally require the user to enter parameter values or
make decisions to enable the computer to determine an outcome. Feedback
from a simulation is informative (e.g. drag factor =0.2 for this shape of aero-
plane) as opposed to educational (e.g. drag factor for this plane =0.2
because....). Therefore a simulation requires the user to draw their own

conclusions.

A case-based courseware package has similarities to a simulation however, it
primarily aims to help learners develop transferable problem solving skills. Case-
based packages encourage the learner to apply their prior-knowledge and
generate hypotheses.

Both interactive topic-based and case-based courseware packages provide the
learner with a means to access information to suite personal needs or
requirements. To facilitate increased learner control, courseware can provide the
following features Laurillard (1990):

index of content

content map

escape at any time to index or map
skip forward or back a chosen amount
retrace chosen route through material
see examples

do exercises

receive information

consult glossary

ask for explanation

take test

These facilities can be easily implemented with careful planning of the
organisation and information structure of a package.

An index of content and a content map illustrate the structure and content of
material. This helps the learner to link and relate areas of information which
facilitates a better understanding of information (Matlin, 1989). Using an index of
content, content map, and a facility to retrace a chosen route through material,
the learner can produce a personalised learning route that will suite their
personal learning style and fulfill their educational needs. This is an important

feature of adult learning.
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Facilities that enable a learner to ask for explanations and take a test help to
deepen the level of mental processing. This facilitates more effective storage
and recall of information (Craik & Lockhart, 1972). Providing the option to take a
test helps evaluate personal progress. This can provide motivation and can help
evaluate the effectiveness of a personal learning strategy.

Both topic-based and case-based frameworks have their educational advantages
and disadvantages and a clear distinction as to which is the most effective, in
terms of learning, is not clearly defined. A courseware package that combines
both frameworks could be the best solution. Learners would firstly use the topic-
based package to learn theory and then progress to a case-based package to
apply theory to practice.

The next section describes Multi-Media, the leading-edge of technological
innovation in courseware design, which is found in most modern courseware

packages.

2.3 Multi-Media Courseware

The majority of courseware packages produced at this time comprise a multi-
media element. Multi-media offers new media for conveying information on a
computer (e.g. sound and video clips). More advanced multi-media packages
not only present information in new formats but also enable the learner to interact
and manipulate information.

There are two views as to what constitutes multi-media. A multi-media package
can be viewed from: (1) a technological perspective; or (2) a user-centred
perspective (Marmollin, 1991). “A technological perspective is defined through
technical features of systems claiming to be muilti-media packages such as multi-
sensory presentation techniques (integration of text, pictures, sound, video, etc.),
multi-modal interaction (the use of different modalities such as voice, gestures,
pointing) or hyper-media techniques (non-linear data structures composed of
links and nodes)” (Alty, 1994). A user-centred perspective characterises multi-
media packages as, “packages enabling the usage of multiple sensory modalities
and multiple channels of the same or different modality (for example both ears,

26



both hands etc.) enabling the user to perform several tasks at the same time and
several users to perform the same task at different times” (Marmollin, 1991).

For clarity, this study considers multi-media as software that presents information
using media not available to paper (e.g. sound, video, animation, interactive
pictures) and stimulates more than one sensory channel (e.g. sight combined
with sound).

Figures 2.1 & 2.2 illustrate screens from Bodyworks® a multi-media medical
reference package. Figure 2.1 shows how a video clip of the skeletal structure
is incorporated to provide the learner with a three dimensional perspective of a
two dimensional image.

Figure 2.2 demonstrates a high quality image that has been made interactive.
Learners click on different parts of the image to reveal its name.

Multi-media packages help make learning a more enjoyable experience. The
learner’s attention is held by presenting information through stimulating mediums
such as video and sound. Multi-media packages appear aesthetically pleasing
and can therefore be used over longer periods of time. This technological
innovation is proving to be a new base for thinking, learning, and communication
(Ambron, 1988).

2.4 Benefits of Courseware
There are three perceived benefits of computer-based courseware: (1) flexible

learning; (2) effective learning; and (3) cost effectiveness.

Courseware can provide the learner with a high degree of control over learning
strategy, sequence of information studied and the sequence of learning activities.
Study material can be explored to suit individual study preferences and needs.
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Figure 2.1 - A video clip from Bodyworks®

Courseware packages can provide students with features to aid learning
effectiveness. Interactive tutorials, multi-media presentations, and interactive
self-assessment help to extract more meaning and evaluate progress. “When
using an interactive courseware package, it is impossible for the student to be

totally passive, and this very activity and involvement facilitate learning”
(McKenzie, 1978).
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The deltoid is a large, thick
powerful muscle. Itis triangular in
form with a coarse texiure. On its
broad side, it originates from the

spine of the scapula (shoulder

the shoulder joint, giving the
shoulder its rounded appearance,
and inserts in the humerus [upper
arm bone). This muscle moves

on in Bodyworks®

Courseware packages can often prove a cost effective solution for providing

training aids on a large scale. Although initial development costs are generally

higher than paper based courses savings can be made in other areas such as:

level

to be employed for each experiment)

delivery costs)

upgrading of existing courses

reducing the involvement of a course tutor to an effective minimum

replacing the need to buy experimental equipment (considerable

savings are made in destructive testing whereby new materials have

mass distribution of course material (savings in mass production and

reduction in training time (up to 30% with equivalent computer mastery
(James, 1986))
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