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ABSTRACT

The exponential growth of the Internet opens new possibilities for distance learning.
This study develops a structured approach which aims to facilitate the development of
hypertext-based courseware on the World-Wide Web (WWW). The structured
approach converts existing structured documents to Hypertext Markup Language
(HTML) documents via transforming their underlying logical structures such that the
converting and developing process can be largely simplified. Courseware designers
can concentrate more on the content of the courseware. This approach extends and
customize several existing Standard Generalised Markup Language (SGML)
Document Type Definitions (DTDs). Automated conversion of DTDs and
corresponding document instances provides a useful tool for users to deal with a large
amount of documents and markups.

The structured approach systematically utilises established methods in SGML such as
document analysis and DTD development. Using SGML DTDs simplifies the
representation and communication of the subject domain structure and design
rationale. This study characterises the structure of medical and maintenance manuals
and three courseware models using standard document analysis procedures. This study
focuses on a widely used medical reference manual. More than 50 chapters of the
manual are examined based on the publisher’s electronic version. A concise
description of the logical structure of the manual is derived. Additional templates are
developed based on HTML forms in self-assessment exercises to help users to interact
with the courseware and evaluate their own progress. HTML forms are processed by a
number of CGI scripts.

A prototype of the courseware is accessible on the WWW. Various issues particularly
associated with the transformation of conventional structures to hypertext are
investigated in this study.

This study shows how the logical structure of electronic documents can be modelled
and handled at a higher level of abstraction for conversion purposes as well as
understanding the structure of a particular document. Several lines of further research
are recommended for the future work to enable researchers to benefit from the result
of our research and the latest advances in related areas.
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Chapter 1. INTRODUCTION 1

1. INTRODUCTION

The World-Wide Web (WWW) is a global hypertext system on the Internet (Berners-Lee,
1994; Ford, 1995). The exponential growth of the Internet opens new possibilities for
distance and open learning (Nielsen, 1995). There is a widespread demand and enthusiasm
for using the WWW to distribute and publish courseware to a wide range of users on the
Internet. More and more academic institutions, industrial and government organisations are
exploiting the potential of the WWW in order to maintain and improve their competitiveness

in research, commerce, and economics.

Existing documents in traditional formats have been a major source of information for the
WWW. Electronic publishing existing materials on the WWW must address several issues
regarding the organisational structure and how the structure of a type of existing documents
can be transformed to realise the potential of a global and distributed hypermedia system
such as the WWW. Information in hypertext is organised and presented by a loosely defined
logical structure — hypertext allows readers to explore the information in a variety of routes
and such access of information is usually known as browsing. A loosely defined structure of
hypertext may cause a number of problems for users to access the information effectively and

efficiently, such as cognitive overhead of decision-making for branching (Conklin, 1987).

This study focuses on the process of converting existing electronic documents for the
development of courseware on the WWW. In particular, this study investigates the role of
logical structure in the conversion process. We expect that logical structures of source and
target documents of conversion can provide a key to converting structured documents in a
systematic manner and thus tools developed for one conversion task can be useful for a larger

group of conversion tasks.

Several aspects of conversion need to be studied. For example, will a formal representation of
a logical structure make communication easier? Will logical structures lead to an explicit
match between a source document and a target document? The major theme of the study is
that reference manuals and courseware share some important characteristics in terms of their
logical structures. These common characteristics can be systematically used to facilitate
converting reference manuals onto the WWW such that designers of courseware can

concentrate on the content and quality of the learning materials.
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To achieve this goal, this study develops a series of programs and scripts for text
manipulation and refinement. The study demonstrates that additional work is needed to
incorporate the outcome of conversion to courseware authoring. The work emphasises that an
appropriate balance is needed between preserving existing logical structures and creating new
structures. The work compares the advantages and disadvantages between an interactive

conversion approach and a batch conversion approach.

This study explores the strengths of a structure-based approach to courseware development in
three aspects. First, courseware developers need a greater control over converting existing
materials in tradition forms to hypertext. Second, a structured approach encourages
developing extendible and reusable conversion packages. Third, an explicitly represented
logical structure help courseware developers to understand, to communicate, and to use the

knowledge in courseware authoring.

1.1 The History of the Study

In 1994, Italian radar manufacturer Fabbrica Italiana Apparecchiature Radioelettriches
(FIAR) planed to transform their traditional maintenance manuals on paper to multimedia,
interactive electronic manuals and instructions on portable maintenance workstations. An
intermediate step towards this goal was to incorporate interactive hypermedia manuals and
training courses in Automatic Test Equipment (ATE) designed by FIAR for the maintenance

of its equipment so as to help technicians for complex maintenance tasks.

FIAR’s Maintenance Expert System of knowledge-based ATE was installed on UNIX
workstations. FIAR needed the similar hypermedia-based logistic support for equipment
manufactured by others companies. It was of primarily importance to have significant and
realistic data and parameters on the costs and impacts of the new multimedia technologies on
the maintenance business. FIAR was to achieve its goal through a project called HyperMan,
which stands for Hypermedia Maintenance Manuals Development System. FIAR was the co-
ordinator of the HyperMan project. The HyperMan project incorporated international
standards such as SGML and CALS into the hypermedia system for maintenance and

training.

All the electronic materials for HyperMan were stored in the HyperMan Multimedia
Database, which could be made available for Computer Based Training (CBT). The
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electronic maintenance manuals need to be further compiled with multimedia information

and instructions for learning tasks in training.

As part of the HyperMan project, FIAR required us to investigate and develop a systematic
approach to converting existing maintenance manuals to hypertext. In order to create a
conversion package for converting reference manuals to hypertext, we started the
development of a such conversion package with a reference manual called the Merck Manual.
The Merck Manual has a clear logical structure. We also decided to use the WWW as the
delivery media for the target of the conversion. Hypertext documents on the WWW are
marked up by a language called HTML, which is in fact an application of international
standard SGML.

1.2 Terminology

Manual

In general, a manual is a highly structured document. A manual can be classified as a user
manual, a maintenance manual, or a technical-operational manual. According to Webster’s
New World Thesaurus (Webster’s New World Thesaurus, 1971), a manual is also called a
guide book, a reference book, a handbook, a textbook, or a exercise book. A guide book is for
the guidance of strangers or visitors in a district, town, building, etc., giving a description of
the roads, places or objectives of interest to be found there. A textbook is a book used as a
standard work for the study of a particular subject, a manual of instruction in any science or

branch of study.

Medical Manual
According to the definition of the Merck Manual, a medical manual is a ready-reference book
which provides useful clinical information to practising physicians, medical student, interns,

residents, and other health care professionals.

Maintenance Manual

According to Li and Juster (1993), technical documentation may include maintenance
manuals and installation manuals. They distinguish three classes of technical documentation:
maintenance manuals, installation instructions and forms and define a DTD for each of them.
Maintenance manuals are normally large in size and complicated in structure but the structure

is rarely changed.
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Hypertext

Hypertext is defined as “an approach to information management in which data is stored in a
network of nodes connected by links”. Nodes may contain text, graphics, audio, video as well
as source code or other forms of data (Smith & Weiss, 1988). Hypertext with multimedia is

called “hypermedia”.

Courseware
Courseware is a software application which is produced particularly for education purposes.
Course materials are stored, manipulated, and presented using a computer system

(Miihlhduser, 1990).

Computer Assisted Instruction

Teaching through computers is often exemplified by Computer-Assisted Instruction (CAI),
though this is a term which has been used in many ways. CAI has meant the presentation of
lesson material and questions on that material through a computer terminal, with the student

responding to the computer as the questions are presented (Ragsdale, 1982).

Computer Aided Learning
Computer assisted Learning (CAL) is one of the many potentially useful applications for

hypertext to emerge in recent years (Smeaton, 1991).

1.3 Computer Assisted Learning and Hypertext

Computer Assisted Learning (CAL) is to help learners to accomplish learning tasks with
specially designed software. In the 70s, the re-consideration about traditional Computer
Assisted Instruction (CAI) led to a strong emphasis on modelling the student by a class of
systems known as Intelligent Tutoring Systems (ITS). An ITS would attempt to build
courseware based on a comprehensive model of a potential individual learner so as to allow
the learner to drive the courseware at her/his own pace (Bonar et al., 1986; Clansey, 1987;
Mandl, 1988; Self, 1988). The enormous complexity of human learning, the resulting
vulnerability and lack of general applicability of actual ITS systems have led to another

frustration phase for using computers in education.

It has been realised that student models and instruction models may not be a realistic

solution. Rather, students should try and find their way through a subject domain and they
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should have as much freedom and as little ‘determinism’ as possible. This vision is echoed
with views on applying hypertext and multimedia technologies in learning (Miihlhéuser,

1990).

Hypertext allows users accessing information in a non-sequential manner. Hypertext is well
suited for open learning. Students are encouraged to explore an information space (Nielsen,
1990). Just-in-time learning suggests that the best time for learning is when learners are well-
motivated (Banerji and Giller, 1996). Hypertext and hypermedia opens many opportunities in

computer assisted learning.

The structure of courseware is an important issue in producing a good courseware. Empirical
studies have found that documents organised with a traditional logical structure are preferred
by users in many occasions. Users may prefer a traditional textbook for learning rather than
an unstructured hypertext version. A survey shows that students largely used course-material
in hypertext for revision, just before the exam, when seeking the information on specific
topics (Smeaton, 1991). It is clear that some structural characteristics of traditional
documents should be preserved as they are transformed to hypertext, whereas some structural
characteristics must be mapped to hypertext so that users can benefit from unique features of

a hypertext system.

Standard Generalised Markup Language (SGML) is an international standard. SGML
Document Type Definition (DTD) provides a formal way of describing logical structures of a
wide range of documents. This study hypothesises that if the structure of a maintenance
manual and courseware can be represented in SGML DTDs, then existing manuals can be
essentially converted to a preliminary shape of courseware via the DTDs. The preliminary
results show that conversions at the level of DTDs are particularly cost-effective in

interchanging materials with a large number of documents of similar types.

1.4 Courseware Design Issues

One of the most important issues in the design of courseware is the organisation of learning
and training materials. How should the information be organised to enable the users of the
courseware to learn effectively? It has been recognised that a higher degree of interactions in
learning with courseware is desirable. In particular, courseware on the World-Wide Web
(WWW) is increasingly popular as a vehicle for distance learning (Poncelet & Proctor,
1993).
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One of the distinct hallmarks of quality courseware is how actively learners are encouraged
to interact with the courseware (Hall, 1983). The WWW is a “wide-area hypermedia
information retrieval service aiming to give universal access to a large universe of
documents” (Hughes, 1993). Using existing materials on the WWW arises a significant issue

regarding the role of the logical structure in the materials (Leggett & Killough, 1991).

Hypertext Markup Language (HTML) is the language that defines the structure of hypertext
documents on the WWW (Raggett, 1994). HTML itself is defined as an SGML DTD. A
particular version of HTML, HTMLPLUS DTD, is used in the stuady. The HTMLPLUS.DTD
is now known as HTML 3.0. The features of HTML1.0, 2.0 and 3.0 will be discussed in
chapter 2.2.1.

1.5 From Reference Manuals to Courseware

This study is to explore the process of converting reference manuals so as to facilitate the
development of hypertext-based courseware on the WWW. The characteristics of manuals
and courseware need to be clarified for the conversion process. It has been commonly
accepted that a traditional reference manual is sequentially organised but courseware is a type
of educational software in which information may not be organised sequentially. How do we
facilitate the conversion from a reference manual to courseware? Is it possible to analyse and

compare the structure of manuals and courseware?

This study converts the Merck Manual to hypertext form for distance and open learning. And
also use the same approach to the converting two maintenance manuals into hypertext format.

Three commonly used courseware models are examined:
1. - Flowchart Model
2. - ToolBook Model
3. - TextBook Model

It is clear that the third approach is an appropriate starting point. More details will be given in
Chapter 3 Document Analysis.

1.6 Structured Approach

This study takes a structured approach to the conversion. The key to the structured approach
is the use of Standard Generalised Markup Language (SGML). SGML is an international
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standard for document representation. SGML simplifies the conversion of text into hypertext
because it separates the logical structure of a document from formatting instructions for how
the document should be displayed or printed. The acceptance and availability of the SGML
tools have an increasing influence on automated conversion of text into hypertext (Bryan,

1988).

The structured approach is based on SGML DTDs. This approach consists of the following

steps:

1. generating a MERCK DTD to describe the logical structure of the Merck Manual,

2. generating a COURSE DTD to characterise the organisation of a medical courseware on
the WWW,

3. instantiating existing materials into the DTD,

4. developing a conversion scheme based on the two DTDs, and

5. converting the existing materials in the MERCK DTD to an WWW application.

Additional features are subsequently incorporated to the resultant courseware, such as

interactive tables of contents, an interactive master index, and Web pages designed for

particular learning activity (See Figure 1.1).

Figure 1.1 The overview of the conversion method.

DoctBook Course DTD
DTD
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Figure 1.1 is a diagram which shows the conversion procedure used in this study. First, we
analyse the logical structure of each type of documents. Second, we specify and represent the
logical structure in DTDs and verify the resultant DTDs to ensure that they conform with
standards. Third, interrelationships between source and target documents are explicitly
matched at the level of DTDs for conversion. Finally, corresponding SGML documents are
converted to HTML.

The structured approach creates DTDs of source and target document based on the two
existing DTDs (DocBook and HTMLPLUS DTD). Therefore, converting source document

target document is specified in terms the mapping one DTD to another.

It is commonly recognised that the advantages of hypertext-based documentation are easy-to-
use and rapidly accessible of information. Converting an information resource into hypertext
involves much more than simply creating a computer-readable version of the text and
graphics (Riner, 1991). Most hypertext authoring tools are useful for creating small hypertext
applications but lack the productivity enhancing tools when dealing with a large amount of
text (Rearick, 1991).

1.7 Overview

This study uses a well-known medical reference manual The Merck Manual (Berkow, 1992)
as an example and converts it onto the WWW. The Merck Manual is a widely used medical
manual in the western world. It has been highly valued by medical students and practising
physicians as the most widely used medical text in the world. It covers most disorders of
mankind and it is organised according to organ systems primarily affected. The Merck
Manual provides clinical information to practising physicians, medical students, and other

health care professionals.

In order to convert the Merck Manual for hypertext-based courseware, a structured approach

is used in the conversion. There are four major steps to complete the conversion.
1. Data preparation and the analysis of relevant logical structures.

2. Data representation and representing these characteristics in SGML DTDs.
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3. Validation of whether the DTDs conform with the SGML standards by an SGML parser
(sgmls).

4. Converting the manual to courseware on the WWW.

More specifically, the first step is to analyse the logical structure of source documents and
target documents for the conversion. In this study, we analysed the structure of the Merck
Manual and courseware applications. We analysed the most frequently appeared headings
from more than 50 chapters in order to formalise the base structure of the Merck Manual.
Therefore, Merck Manual DTD is developed by the structure analysis. For the purpose of
using existing DTDs, we used the well-known DocBook DTD as a basis and extended the
DocBook DTD to include structural elements for the Merck Manual.

In order to analyse the structure of courseware, we choose three most commonly used control
models in courseware. We analysed courseware development tools with these models and
decided to use the control models in Mandarin as the adapted model for the resultant
courseware of the conversion. Similarly, we extended HTMLPLUS DTD to accommodate

additional structural elements and relations required for a Courseware DTD.

Secondly, we developed a number of scripts in Perl which automatically convert the Merck
Manual from the publisher’s typesetting tags to SGML tags and validated the SGML version
in an SGML parser. The output of the parser is the Merck Manual in SGML format which
conforms to the Merck DTD.

Thirdly, we developed a number of scripts in Perl to convert the SGML version of the Merck
Manual to courseware. Common Gateway Interface (CGI) scripts were also developed to
support interactions between learners and the courseware on the WWW. The parser takes the
courseware document and the Courseware DTD as inputs and checks whether the document

conforms to the specified DTD.

Finally, a physical presentation version was generated for the access on the WWW.
Additional structural information is incorporated into the courseware, such as an interactive

table of contents, an automatic index and form-based self-assessment.
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1.8 Organisation of the Study

This chapter is an introduction to the history, the scope and the relationship between
hypertext and courseware. Some relevant terminology in this study is also introduced.
Chapter 2 is a review of the literature related to all the important issues regarding computer
assisted learning, hypertext, structured document processing and hypertext conversion.
Chapter 3 discusses the structured approach to analysing and handling the logical structure of
manuals and courseware. Chapter 4 develops SGML DTDs for manuals and courseware.
Chapter 5 focuses on the converting stage where manuals are converted to courseware under
a new framework. Chapter 6 deals with design issues such as CGI design, self-assessment and
courseware control models. Chapter 7 is a summary of all the important issues and

recommendations for directions in the future.

1.8.1 Data Preparation and Structural Analysis

This study has investigated how the structural characteristics of electronic document can be
modelled so as to facilitate a conversion process effectively. The results show SGML DTDs
not only helped to organise the conversion process, but also helped software engineers to
develop a confident understanding of the problem domain. An important implication is that
the conversion package provides tools and domain representations that are extendible and
reusable. Long-term and large-scale courseware development is more likely to benefit from
the structured approach. We note that structured approaches are interactive in nature due to

the complexity and diversity of existing materials.

The methods used in this study include standard document analysis from the SGML
practices, formalising the organisational structure of training and maintenance manuals and
courseware in terms of DTDs, incorporating the content material into the resultant logical
structures, and finally, integrating logical and physical characteristics of courseware in
HTML.

The structured approach is based on the intrinsic similarity between the Merck Manual and
courseware on diagnosis and therapy for medical students. The conversion package consists
of source and target DTDs, markup manipulating scripts in Perl, and an SGML parser for
verifying the conformance of a document to a given DTD. The well-known DocBook DTD
for electronic documents and the HTML 3.0 DTD for the WWW were extended to capture
the structural and educational characteristics of medical reference information. For each

DTD, a sequence of versions were incrementally defined. Information reported by the SGML
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parser was used to measure the convergence of the sequence, which has been found
converged to a generalised DTD rapidly as the number of new structural elements considered
increase linearly. This process takes a document in its original format from the publisher and

includes structural analysis of source documents and target documents to be generated.

If an electronic form of the document is available, the work may not involve much overhead.
But a significant level of effort may be necessary if the text exists only in a hardcopy, which
then must be scanned and converted into an electronic version. For example, hardcopy text
may be transformed into an electronic form by optical character recognition (OCR).
Keyboard entry may be the only option available if the hardcopy text is hand-written, in a
non-standard font or type size, or illegible. OCR typically takes three steps: scanning,

character recognition and correction.

The publisher of the Merck Manual, Alexander Graphics Ltd. (USA), provided us a copy of
The Merck Manual ASCII format in two rolls of magnetic tapes. The manual has a total of
287 chapters. Fifty of chapters, more than 2.3Mb in size, were randomly selected for
investigation. Subject headings used in these chapters were analysed to identify significant

structural characteristics and their interrelationships.

Document structural analysis is the first step of the conversion. In document analysis, a set of
logical elements and interrelationships among them are determined for characterising the
structure of a document. In this study, the structure of the manual and courseware is

characterised in the document analysis.

The goal of document analysis is to abstract the most important characteristics of a set of

documents so that these structural characteristics can be represented through a DTD.

Document analysis consists of several steps.

1. Determine the purpose of the DTD, how it will be applied and what the'priorities are of its
various functions.

2. Determine the users. The complexity of the structure needs to be adapted to the
capabilities of the people creating documents.

3. Choose a name for the DTD. The DTD names must follow the rules for SGML names.

4. Recognise the logical elements of a document class and determine the relationship

between them.
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In order to analyse the structure of courseware, we analysed courseware developing tools
with three different control models as case study. We found that the structure of courseware
is in general difficult to capture. We developed three DTDs for the three cases. The first DTD
followed the flowchart control model, which is a special case from Ancona Medical School
(Corvetta, et al., 1991). The second DTD was more generic with reference to Multimedia
“ToolBook™. "ToolBook" allows courseware authors to organise training materials in objects
such as books and pages. In this general DTD, courseware consists of linked pages. Each
page has a few buttons which allow users of the courseware to interact with the courseware
similarly to using hypertext. A button has two attributes: link which connects to a associated
page and label which displays the name of the button on the screen. The third DTD was

textbook DTD. The idea is to extend the textbook model with some questions and answers.

1.8.2 Data Representation — Document Type Definition

The results of document analysis are the logical elements and their relationship for each
document type. A Document Type Definition (DTD) (also called a generic logical structure)
specifies the structure of a type of document and the editor uses that specification to ensure
that a logical structure is consistent with the specification (Quint & Vatton, 1994). The DTD
supports any tagset for a class of documents. DTD defines the rules for marking up a class of
documents. In this study, medical reference manual (maintenance manual) are characterised

in DTD.

Base on the structural analysis, manuals and courseware were marked by SGML DTDs.
SGML document instances of manuals and courseware were created, its characters are

defined in the SGML declaration and it is marked according to the rules defined by the DTD.

HTML is a standard markup language for authoring hypermedia documents. HTML is
derived from SGML, which has been used for specifying the organisation of many types of
documents. However, a generic conversion from SGML to HTML documents may not give
us the full advantages of a structured approach; instead, conversion at the DTD level would
be more fruitful and more practically significant. In fact, the SGML community has been
working on a standardised solution for DTD-to-DTD conversion, known as the SGML Tree
Transformation Process (STTP) in DSSSL.
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HTML links were automatically incorporated into the converted courseware. The SGML
DTDs of manuals and courseware were developed and used to mark documents and to verify

their conformance to corresponding DTDs.

1.8.3 Validation

The SGML DTDs of manuals and courseware and corresponding SGML instance documents
are verified by James Clark’s SGML Parser sgmls. The parser checks the consistency of the
logic defined in the DTDs. SGML parser takes a DTD and a document as its inputs and
delivers a ‘complete’ document as output (Warmer & Egmond, 1989). The roles of the
parser are: firstly check whether the DTD obeys all the rules and restrictions that are
specified in the SGML standard. Secondly, check whether the document conforms to the
DTD.

The parser first checks whether the syntax in the manual and courseware DTDs are correct.
Then it checks that if the SGML version of the manual conforms to the manual DTD. After
manual SGML is converted to courseware SGML, the parser checks if the courseware SGML
conforms to the courseware DTD. This is to ensure that both the manual and courseware

SGML documents are correct and completely conform to their DTDs.

1.8.4 Completing the Conversion

In order to convert existing user manuals to courseware on the WWW, we developed a
conversion package. This conversion package consists of a series of Perl scripts. These
scripts take the Merck Manual SGML format as an input and output the Merck Manual in the

template defined for courseware. The resultant courseware is accessible on the WWW.

This courseware provides HTML 3.0 FORM-based self-assessment capabilities. Students fill
in the forms based on the knowledge of the previous section. Completed forms are processed
by CGI scripts on the server and users will receive various feedback according to the
student’s answer. More details on CGI and the control models used are discussed in Chapter

6: Design Issues.
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2. LITERATURE REVIEW

Using computer in teaching and learning has experienced several distinct paradigms since
early 1980s. New paradigms emphasise the role of learners and the need for an interactive
and demand-driven' learning environment. Hypermedia has established a predominate role in
new courseware and development packages. However, the production of quality hypermedia
courseware is a complex and time-consuming process. There is an increasing need for simple
but effective approaches that can simplify the process of courseware development and enable
courseware developers benefit to a greater extent from the vast amount of existing materials

on a range of subject domains.

The literature review in this chapter aims to outline the profound changes throughout the past
decade regarding computer learning and teaching. The review highlights the exponential
growth of Internet and associated services such as the World-Wide Web, and impacts of such
growth on the development, delivery and use of courseware. This chapter relates established
work in structured document processing to the development of a systematic approach to
courseware development. Section 2.1 reviews the history of computer assisted education with
emphasis to the most important paradigm shift from “giving instructions” to “learning”.
Section 2.2 reviews the impacts of hypertext and the WWW on courseware design and
development. Section 2.3 introduces established methods for processing structured
documents. Section 2.4 reviews theories and practices of conversion particularly in relation to
hypertext and the WWW. Section 2.5 summarises the major issues identified in the chapter

concerning the development of a structured approach to courseware development.

2.1 A Historical Overview of Courseware

Courseware is software, specially produced for education and learning purposes and stored,
manipulated, and presented using a computer system (Kaputa, 1986 ; Milhlhauser, 1990). In
early 1980s, using courseware was regarded as as “teaching through computers”, e.g.,
Ragsdale (1982), whereas in late 1980s people began to realise the importance of courseware
as an environment which can stimulate and encourage students to interact with the
environment and that interactions may help to improve the quality of learning, e.g., Keller
(1987).

"It is also known as just-in-time learning.
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2.1.1 Early Courseware

By the late 1960s, computers were no longer simply being used to teach programming to
selected students; they were content-delivery vehicles for many subject domains (Kurland &
Kurland, 1987). Computer Assisted Instruction (CAI) appeared to have a number of
important advantages as an instructional delivery system (Alpert, 1975). For example,

e CAI systems can be individualised to fit the needs of each student.

e CAI systems can automatically track student’s performance and prepare reports for

teachers.

Instructional designers carefully specified learning objectives and thoroughly detailed the

knowledge to be taught to the student. The dream of early computer pioneers was to create

national databases of instructional units that would be delivered over tens of thousands of

networked workstations (Kurland & Kurland, 1987). However, three major problems have

been recognised with respect to CAIL:

1. Good CAI lessons are very expensive to produce.

2. Without networked workstations, the task of monitoring each student’s performance and
managing hundreds of diskettes places a tremendous burden on the teacher.

3. CAI is most effective for teaching accurate knowledge and for practising clearly
specified skills, such as addition or spelling; yet these are areas that many teachers

already feel quite competent in.

The extent to which teachers and students can benefit from CAI is therefore limited and may
not be cost-effective. Students have greater difficulty with higher-order thinking and
reasoning skills, which CAI has not addressed effectively (Kurland & Kurland, 1987).

An influential change came with the work of Seymour Papert on the philosophy of
learning(1980). According to the developmental psychology of Papert, learning is an active
process whereby students construct understandings of events in their environment by a
process of assimilation and accommodation. Students assimilate new experiences into

existing cognitive structures for understanding the world.

Research on educational uses of computer applications falls into two broad categories. The
first is cognitive research, where the impact of computer use on basic cognitive functions and
skills is the primary focus. The second is classroom-based research, which focuses on how

computer use affects both achievement and the social organisation of the classroom. The



Chapter 2. LITERATURE REVIEW 16

lessons from the last two decades suggest that an effective use of the computer in education
requires an appropriately designed curriculum together with teachers who have a well-

developed understanding of the strengths and weaknesses of the technology.

Tutorials in courseware can ask questions, provide positive feedback for correct responses,
and let the student or trainee know what he or she did wrong. Such self-diagnostic procedures
allow the student to work in a computer lab or their own personal computer at their own time
and at their own space for as much time as is necessary to learn the material. This provides
several advantages over the traditional learning environment. Students have less pressure to
take notes in the classroom and thus have more time to be engaged in interactions in learning.
This provides a nonthreatening environment for learning, where the students can make

mistakes and repeat the material until they are comfortable with it.

The focus of computer-based education has started to shift from deliverers of information
such as teachers and instructors to students and a wider range of learners. Students should be
provided as much freedom as possible and they should seek their path through the
information space (Miihlhauser, 1990). Computer Assisted Learning (CAL) systems often

offer two basic features: flexible guidance and integrated high-bandwidth feedback.

2.1.2 Characteristics of Courseware

The development of good courseware is a complex process (Roblyer, 1982a). How users
interact with learning materials is an utmost important issue and is a basis for courseware
development (Schwier & Misanchuk, 1988; Hannafin, 1989; Hannafin & Rieber, 1989b;
Steinberg, 1991). The review in this section focuses on interactions between a learner and
learning materials in terms of learner input, questions response, feedback, and control

(Poncelet & Proctor, 1993).

Some of the criteria for courseware are in common with general computer software. Some are
specific to courseware, namely, to its educational objectives. The essential characteristics
include the statement of objectives, a statement of entry skills, the design of learning
activities (matched to objectives, appropriately sequenced, and properly structured), design
of tests (not necessarily on line), content integrity (copy editing concerns), and design of
presentation. Factors such as age, grand level, language background of individual students
should also be considered. Roblyer (1981) addressed standards for authoring and evaluating

courseware and compared the courseware developed by the PLATO project and a Stanford




























































































































































































































































































































































































































































