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ABSTRACT

The application of computers to the process of teaching and learning holds many promises.
Their use has been seen as a way of improving the quality of delivery, increase the
individualization of learning, encouraging learning privacy, provide greater motivation, improve
information retention. Other advantages include immediate feedback, the opportunity of lessable
students to benefit from repeated use, and more active participation by students. Of all the
possible applications of computer technology to learning, hypertext seems to be one with a great
potential. Hypertext allows learners to access randomly stored information based on their needs,
interest, or whims. It focuses learner attention on the relationship of facts. It also encourages
active student-centred learning since there are always decisions about what to read next.
Learning in one's own language is believed to be important. One of the most important
advantages of learning in one's own language is that learning begins with something that is
already known. The need for training on the basics of computers is strongly felt in Ethiopia. This
high demand of producing computer literate people is being responded by the mushrooming of
computer training institutions in Addis Ababa and the major cities of the country. It was

identified that the training situation, being in its infancy, is faced with many problems.

This study attempts to demonstrate the design and development of a hypertext based courseware
in Amaharic by considering a case study on the course 'Introduction to Computers' which is
being offered at the National Computer and Information Centre of Ethiopian Science and
Technology Commission. It also tries to address problems regarding the computer training

situation in the country.

\
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A literature review on the definition, advantage, design consideration, types, and current trends
and developments on hypertext and courseware is presented. Different models of hypertext and
courseware development are discussed. The models are used to identify the steps and processes
involved in the development process of a hypertext courseware which satisfies instructional
system principles. The quick prototyping software system development approach is used to

develop the courseware. KnowledgePro for Windows 1s used to develop the program.

The result of the study indicates:

1. There is a need for training on the basics of computers in the country. The training which is
being provided is not that much satisfactory mainly because of a shortage of properly trained
instructors among other reasons. This necessitates the introduction of courseware. It was

" also indicated that developing courseware in Amaharic is advantageous.

2

It is technically possible to develop Amaharic applications using the quick prototyping
approach and programming environments capable of displaying Amaharic fonts at runtime,

even though the currently available program editors cannot display Amaharic characters.



uvi_

TABLE OF CONTENTS

B 2 O 0 N ) T T ————— i

T DI AT ..o it R S A A S G ii

A NV LEDGE NIBINTT oo s s st soamaass s iii

BB BT oncmes o teoasmmmssmns s s e a5t N A v

TABLE OF CONTENT S oo et vi

LISTOFTABLES ..., st T X

LISTOF FIGURES. ..., s A A Xi
CHAPTER ONE

INTRODUCTION. .................. R A O A SR T st AT 1

1.1 Backaround. ..o s i s o s s e 1

12 S HHtEMEHT OF the PIODIEINL. .....connmmnenssmssssmmssessnmsnssssnsnmsss sass s B SRRV S SRt 3

1.3 Justification............................... s 5

L DD, .ot cmsmesnsmanmennehoss i RS e e 10

1.5 Scope and LIMITAtIONS ... e 11

16 IVICtHOUOI0MY ... cuonsanennsnesmsssnssnnsi fogss 6556555 RS o AT o ek € 0 12

1.6.1 Data ColleCtion ... 12

162 Development Methog ...cuuemsmnmmsmsmmsasmasmmossissmmmosus 13

1.7 Organization Of TheSIS...........cooiiiiiiiiie e 13
CHAPTER TWO

THE COURSE: INTRODUCTION TO COMPUTERS' ... nussmsmmisimmmnmmesis s 15

2.1 | Sa1age7e ) 0TciA o) T 15



2.2 OBIBCHIVES....o0nnmmsmesmsmnmassomssmmmnessssmosssssssnsend ot 153 e 17
Z23 Entrance Requirement........................ USRS 17
24  Durabiolcesimis T —— 18
25  CourseContent ...l e, 18
DB DSV i susssssnssesomuimms iosssissessssssin's oy siss ot oo S0 e S s 20
27  Problems............... USSP 21
CHAPTER THREE

COURSEWARE ... o AT AN 22
3.1 Computers In EQUCAtION. ...........oooiiiiiiiie e 22
3T Toliilion o s s s AT SR AR TS 23
3.3 Advantages of Computer Aided Instruction....................coooiiii 25
3.3.1 Thoreased Combralnunummrmipupasmmsernn e 26

332 Reduced Resources................. U R 27

333 Individualization ... 28

3.3.4 Improved Student Performance..................cccoiiiiiiiiiiicie e, 29

3.3.5 Increased Learner Satisfaction...................................... 30

336 Convenience........ o A e R T 30

3.3.7 Power of the COmMPULEr ...t 31

e R b s o T R ——— 32
3.5  Courseware Design Characteristics................... PP PRSPPI 36
3.6 Current Trends and Developments ................. S ——— 38
3.6.1 Hypermedia ...........o.ocoooiiiiiiii 39

362 Expert Systems oo R ——————— 41

3.63  EXPEITEXt ..o 44

3.6.4 Object Oriented Programming................ocooooiiiiiiiiiiiiie 45



-viii-

CHAPTER FOUR
HY PERTEXT oo 48
2 I § 15575 (£ ) CNURE———————— R R S G 48
4.1.1  LInear StrUCTUTES. ...ttt 48
4.1 2 "Nen-linear Strochares s T —— 49
42 DefNItION. ... 51
4.3 ° Historical Bacleground. ... o summmmmsmmsssssminasemsassmesssnon 53
44  Typesof Hypertext.............ccooiinin, s e e T R S 58
4.5 AUthoring TOOIS .. ..ot 59
I I T i o 1 T —— 60
4.6  Educational AppCAtiOn ..o 61
47  Current Trends and Developments. ..ucumsmmesamssnmmssmsmisyg 64
471 Pointing DeVICes ... 64
472 Hypertext and Artificial Intelligence.................o.ocooooiiiiiiiie, 65
473 Hypertext and Telecommunication .................cccccooviiiiiieein 66
CHAPTER FIVE
DEVELOQPMENT OF A HYPERTEXT BASED/COURSEWARE o ivimesiswassspsms 68
51  Design Considerations ...t 68
B DR R oo a5 S S 70
551 LanguaueURROw = o cesemesmsmessssd e R AR 71
522 Highlighting Techniques...................cooiiiiiii e, 72
e T 0T i1y o) T m——— 73
524 Screen LayoutsS...........occooiiiiii 74
S8 TR DICBIOI o connimsnumms mosconss s smm s s o s e s s T A 75
53.1 Content Organization ... 76
5.3.2 Presentation FIow...............oo 79
54  Devplopiment MOGEIS .....comsmmsmsmmmsmmssaresansassssosd S s i 82

541  UsING PrOtOtYPeS... oo 90



D

CHAPTER SIX
PROTOTYEE DEVELOPMENT AND IMPLEMENRTATION .cocummunmossamsmeasomms 94
6.1  The Definition Phase: Requirement Analysis............c.cccooiivoreiiiinieeeeene 94
6.2  The Development Phase ... 97
BET OISR DESIRIL...cosnomsmems sessiimommesibesss bR SR S A 97
6.2.2 Prototype Development ...t 102
6.3 T T TV RO s e S VO W TR o 116
CHAPTER SEVEN
CONCLUSION AND RECOMMENDATIONS ... 118
7.1 117 o T — 118
7.2 Recommendations .............o.o.ooiiiiiiiiiiiie e 121
721 FEorMahuring the Coursemane . v msmmommammsanes s 121
722 Forfurther study ..o 123
BIBLIOAGRAPELY .ovcosmnamusmnsmmsss TSROSO UOUOTPRORTROS 125

APPENDLX . TP PP 133



41
5.1

LIST OF TABLES

i 5% e gzl o T e ey e

Internal Learning Needs with External Instructional Events.........................



3.1
5.1
5.2
5.3
5.4
p
5.6
5.7
5.8
5.9
5.10
511
5.12
513
5.14
515
5.16
5.17
6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10

LIST OF FIGURES

Representation of the basic concept of education................cccccccviiiiirinn 23
Three basic organizations of hypertext courseware ...................................... 78
Presentation How with instrectional events...o s 82
Courseware Design Model ... 82
Phage 1; Preparation and Planning.....oumumssrsanmmsmassasesrmanes 83
Phase 2: Predesi@n. ..., 83
D S TR CRIR . svsvmsssocmonrss s R S AR 83
Phase 4: Programming and formative evaluation............... TSP 84
Phase 5: Summative Evaluation by Means of CMI ..., 84
The Team approach to CBL courseware design ..., 85
Overall Architecture of the CACE. ..., 86
Maier phasesof IS0 oo vvmmmmusnmsrmn s S 87
Analysis Phase ... 87
Desion PHass ..o R TSR S P 87
The Development Phase ... 88
The Implementation Phase ... 88
Basic hypertext development model ... 89
Prototyping..............cccoceeeii . SR J S 9
Thesrueturs of thE COUTBBWEADE ... ....commummssmsmsmsnmssns s iios il B e 102
Development flowchart of the courseware ... 103
Linking-between screens for the first [esson.. ..o 104
THtle SCIEOM ..ot L1
bjectives Sorsem. oo s sy v 111
Contents SCIEEM...........ooiii e, 112
Main Topic Objectives SCTeen..............c.ooiiiiiiiei e 112
Mot OVETVIBR BIEBIL... ... mrmmammsmnsssmmaasassmais st S S TR0 113
Module elaboration with links to related items Screen ..., 113

A last sereen on'a topic with a linlt to eXEreises ... ummiasmssmassmmenms 114



6.11
6.12
6.13
6.14

-X11i-

EXErCISE SCIEBI ...t 114
Informnation SCreei to fepeat ATOPIC ... . oewrmsrmesmssensssisisis iR 115
Information Screen to proceed to next [esson ..............ccoooeiioiiiiii, 115

Information on incorrect answers with links to appropriate topics............... 115



3=

CHAPTER ONE

INTRODUCTION
1.1 Background
Computer t=ch oo has influenced every aspect of modern life. There are thousands of
areas cunicoin iuced by such technology and new applications are being developed

from time to time. Among the areas that use computer technology a great deal are business
and industry, government. and medicine. Scientists, educators, and artists also employ
computer to assist them in their work and to enable them use their time more creatively. In
addition, computer technology has had a significant effect on entertainment and arts.

Computers have e2ven begun to influence the home lives of their users (Lavrine and Fecher

1986).

Computer applications in the field of education have been the following:
o the general use of computers and high level programming languages in

problem solving;

° computerized tutorials;
o computerized drill-and-practice sessions: and
= computerized simulations and games,

with the last three being most commonly used in education and training.
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Computer Aided Instruction (CAI), use of computers in educational process, can be used:
. to help students accomplish certain tasks. such as wordprocessing,
numerical analysis, etc.;
. writing programs to direct the computer: and
. to present the materials to be learned by the students. The program which

delivers the education is called a courseware (Hendrickson. Janson, and

Rossi 1985, Alemayehu 1995).

The first implementations of CAI were simply "books on screen". The first and most
common form was linear, where the student was presented with a sequence of displays
consisting of text and graphics which defined the lesson and group of questions and
feedback responses that would evaluate the student's understanding of the topic
(Hendrickson, Janson, and Rossi 1985). With time, the learning process was enhanced by

presenting the lesson in a non-linear form.

When students are trained with a computer-based training in a non-linear condition, i.e. in
an environment where students have the freedom to navigate through different instructional
and practice modules, they significantly improve their performance than in a linear
condition, i.e. a training in a fixed format. It is suggested that this freedom of navigation

and flexibility can be achieved by hypertext (Staton and Stammers 1990).

Hypertext can simply be defined as a system to manage a collection of information that can
be accessed non-sequentially. It consists of chunks or fragments of text or other

information. Nodes and associative links are the basic building blocks of all hypertext
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systems. Rather than a continuous flow of text, hypertext breaks it up into units or modules
of information. Because of the modularization of text, nodes may be accessed in any
sequence that meets the information needs of the user. Links connect the various chunks or
nodes and enable the user to determine the order in which information is presented. They
enable the user to move around the hypertext. Links also provide connections between
documents which can be in different media-written text, graphic text of various kinds, and
sound. Hypertext tends to be under-directed, allowing the user to pick and choose his or
her own path through the information map. ignoring some things and exploring others in

depth (Lucarell and Zanzi 1993).

Hypertext has shown a great deal of promise in a number of areas such as text authoring,
on-line information retrieval, on-line help for software systems, computer-based

instruction, and even computer aided software engineering (CASE) (Parsaye et al. 1989).

1.2 Statement of the Problem

In Ethiopia computers are being used in different government, international, and business
organizations. However,r studies have shown that computers were underutilized in Ethiopia
(Sirak 1988. Research "& Planning Directorate 1990, and Rahel 1992). According to
Research & Planning Directorate (1990) Some of the major reasons for the underutilization

of computers may be attributed to:

° inadequate feasibility study;

. inadequate quality of computer staff; and
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. lack of appreciation of the services by the top management.

Provision of adequate training to computer staff and management could solve the problem
partially. However, provision of adequate training calls for a number of resources. the most
important being properly trained educators/instructors. This is one of the major problems at

the moment in Ethiopia.

Appropriate measures for developing courseware in different areas of IT training could
alleviate the problem to a large extent. In this research an attempt will be made to introduce

the benefits of using a courseware in a computer training programme through the medium

of one of the written languages of the country,

Although it is possible to acquire courseware in one of the two ways (1.e. through purchase
or inhouse development), the inhouse development option is chosen in view of the

following considerations:

@ the software's specialized nature:

o degree of customization required;

o lack of awareness of the potentials of courseware:
o availability of skill; etc.

The goal of this research is, therefore, to show the possibility of developing a hypertext-
based courseware in Amaharic with a case study of the course 'Introduction to
Computers' which is being offered at the National Computer & Information Center of

Ethiopian Science & Technology Commission.



1.3 Justification

Currently, business and government organizations are aware of the need for training and
retraining of their staff in the field of computers. Some are even specifying computer skill
as a prerequisite for employment. As a result, computer training institutions are

mushrooming in Addis Ababa and in some of the major cities.

On the other hand, surveys have indicated that except those students who are actually
engaged in the profession, the rest of the students are left with confused minds and their
certificates (Sirak 1988, Research and Planning Directorate 1990). According to Azeb
(1986) and Asmerom et al. (1989), the problems can be categorized into two: problems
related to the institutions teaching methodology and problems related to pre-college

factors.
Some of the problems could be related to:
. the emphasis of training centers being on the instructors' knowledge of the
subject matter rather than the way they present the subject matter for

trainees:;

. students' difficulty to understand new concepts in a language other than

their mother tongue; and



. composition of students with a varying degree of level of education in the

same class.

There are some suggested solutions to improve the teaching process (Azeb 1986, and

Asmerom et al. 1989). The situation could become effective if:

. student-centered teaching is followed:

. the nature of difference among students is recognized;

. students' needs are met by diagnosing learning difficulties;
. student interaction is active;

. flexibility is in place;

. questioning is introduced: and

. pace of learning of the student is considered.

Education specialists were predicting extensive reliance on CAI since the 1980s for
effective learning. As Bork (1981) reports: "Eric Ashby, the British technologist, speaks of
three great revolutions in human education: the forming of schools. the use of the written
medium, and the invention of books. He then goes on to talk about fourth revolution. This
revolution is the improvement in learning to be affected by modern technology - the

electronic media and particularly computers.”

One of the most widely accepted advantages of CAl is that it makes learning an active

process. Most conventional educational methods (i.e. classes. lectures, and readings) allow
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the students to adopt a passive attitude. Most psychologists agree that active involvement

facilitates learning (Hendrickson, Janson, Rossi 1985).

It is also important in encouraging students to be self-directed and independent, allowing
students to work at their own pace and in their own time, as well as to review their work.
CAI provides great advantages for both slow learners and gifted ones. The development of
students' confidence and skill in using computers and in learning how to cope with new

technologies can also be achieved (Kirk 1993).

Another important advantage as Main (1984) [quoted in Hendrickson, Janson, and Rossi

(1985)] put it "the systems are patient, never have a day off, don't loose tempers, and have

all the time in the world".

As Alemayehu (1995) stated, situations where courseware are t0 be of assistance are:

. Extensive individual student practice is needed.:

. Students' future job involves the daily use of computers;
. Safety is a matter of concern;

° Students' motivation is a matter of concern; and

. The material is very hard to teach by other methods.

The current status of computer training institutions in Ethiopia is the ideal situation to
which a courseware could be beneficial.

In this research hypertext will be used as a tool to develop the courseware.



Hypertext is a tool for building and using associative structures. A normal document is
linear. and one tends to read it from beginning to end. In contrast, reading a hypertext
document is open-ended and one can jump from idea to idea depending on one's interests

(Parsave et al. 1989).

Computers do a good job of storing, retrieving and presenting vast quantities of data. The
human mind is far more facile at filtering data to access information appropriate for the job

at hand than are computers.

Hypertext builds upon the relative strengths of the human mind and the digital computer:
the computer holds the data and presents to the human, the human chooses which way to
go by pointing at each juncture. It is an intuitive approach in which the ability to link
associated text matches the brain's natural tendency to think associatively (Berk and Devlin

1991 ).

Since Amaharic is the Federal working language of Ethiopia; medium of instruction in
most schools; medium of communication in business; and has its own scripts. it could have

a positive impact on the learning process, had courses been given in Amaharic.

As Poth (1980) stated, languages that stem from the environment are rich and efficient
enough for conveying information drawn from the environment. They are the best tool for

transmitting basic knowledge and skills.
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The view that education is best given in the mother tongue seems to be widely accepted
among educators. One of the most important advantages of learner's mother tongue is that
learning begins with something that is already known by the learner. It has all resources

necessary for the expression of any shade of meanings (Morsey and Limage 1987).

UNESCO has also recommended that pupil should begin their schooling through the
medium of native tongue and its use should be extended to as late a stage in education as

possible.

IDRC (International Development Research Center, Canada) has also to say something
about this: "The promotion of mother tongue in school education, by and large, creates
interest in learning. contributes to lower dropout-rate, and instills pride in traditional
culture and oral literature and act as a motivator. This inclusion of language in school

curriculum raises the dignity and adds to the prestige of those who speak it" (IDRC 1979).

In addition to making the teaching situation effective, the development of the courseware

in Amaharic will increase the application of the Amaharic language in the computer field.

So far some developments have taken place in the application of the Amaharic language in
the computer field. These developments include: a complete Amaharic interface based on
an Amabharic Operating System-Agafari; add-in programs on major application packages,

such as Wordperfect 3.1. most Windows based application programs, etc.

The course 'Introduction to Computers'., which is being offered in the National

Computer and Information Center (NCIC) of Ethiopian Science and Technology
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commission since 1988, and in all the other training institutions since their establishment.

is selected as a case problem mainly because of the following reasons:

o)

('S ]

As an instructor of the course at NCIC. the researcher has adequate knowledge of
the subject matter, and can easily get additional information and existing problems

about the subject from senior staff if needed.

The researcher's experience in teaching the course for seven vears has indicated that
usually students come with the expectation of some interaction with the computer
in learning a computer course. They are mostly bored with the subject since it is

based entirely on lectures and manuals.

The students are admitted to the course with their varving educational background.

Therefore, it is not easy to teach students in a uniform pace.

The course content do not change frequently as in the case of application software

packages which change with new releases.

The course is basic for introducing users to the field of computers and if they are
not motivated in the first course they are likely to loose interest for the remaining

courses.

Furthermore, the experience gained in developing this courseware could be used to develop

other courseware, help facilities and tutorials for software programs developed at NCIC

where the researcher is a staff member.
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1.4 Objectives

The general objective of this study is to develop a prototype hypertext-based courseware

to teach the basics of computers in Amaharic.

The specific objectives of the project are to:

. identify common problems of trainees;

. provide an overview of hypertext systems and their applications with special

reference to computer-based instruction;

. describe courseware types and their respective characteristics;

. provide a highlight on current trends and developments in courseware design:

° describe some of the available courseware development methodologies:

. demonstrate the development of a hypertext based courseware using the course

'Introduction to computers' in Amaharic ; and

° demonstrate some of the features of the designed courseware.

1.5 Scope and Limitations

The scope of the study is limited to a brief description on some of the available courseware
and hypertext development methodologies. In addition, development of a mature and fully

developed Amaharic courseware is beyond the scope of this work. This is mainly due to
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time constraint which makes it impossible to expose the courseware to the target students

and get the feedback for possible modification.

Courseware development requires a team effort from a variety of disciplines. In this regard
the researcher has consulted people involved in different fields. Software experts at the
National Computer and Information Center, the thesis advisors and some SISA graduates
are among the people consulted. Some hypertext-based software help programs and some
tutorials are studied to broaden the researcher's knowledge in these areas. However, the
courseware may still have some limitations due to lack of specialist resource persons in

some of the fields.

1.6 Methodology

1.6.1 Data Collection

To obtain information pertinent to the formulation of the research problem. data has been
gathered from formal and informal discussions with other instructors. interview with
persons from training institutions, results of students' course assessment at the end of

courses (this was not done for this research). and the researcher's experience.

After identification of the problems related to the training program on 'Introduction to
Computers' and deciding to introduce a Computer-Aided-Instruction (CAl) data has been

collected from literature published on courseware development.
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Of all the applications of computer technology in education, hypermedia seems to be one
with a great potential (Bell 1993). To explore the possibilities of making the courseware

hypertext-based, literature related to hypertext have been reviewed.

1.6.2 Development Method

The production of a successful hypertext-based courseware depends critically upon the
adoption of a sound and systematic design strategy that is based upon the use_of well-

founded guidelines and established design procedures.

Alemayehu (1995) discusses some courseware development models, Barker (1993)
examines some hypermedia design issues, Yang and Moore (1995) provides presentation
flow for hypertext-based courseware. In this research after giving a brief overview of some
of the models on courseware and hypertext development, a combination of the processes
used for hypertext and courseware is used. The prototyping system development approach
is used to test the screen layouts, colour combinations, button designs, link strategies,

interaction methodologies and various other design parameters.

1.7 Oganization of Thesis

The thesis is divided into seven chapters. Chapter one gives the introduction. Chapter two
discusses the course 'Introduction to Computers' which is the subject matter of the
courseware. In chapter three courseware is discussed, its definition, the different types of

courseware, some design characteristics, and current trends and developments are covered.
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Definition of hypertext, types of hypertext, its application in education, tools for authoring
hypertext, and current trends and developments in hypertext are discussed in chapter four.
Chapter five covers the development considerations of a hypertext-based courseware.
Chapter six deals with the development of the prototype courseware and the
implementation plan. The seventh chapter presents concluding remarks and
recommendations. Finally comes the bibliographic references, and sample tests and lessons

of the prototype system are annexed.



CHAPTER TWO

THE COURSE: 'INTRODUCTION TO COMPUTERS'

2.1 Introduction

The National Computer and Information Center (NCIC) is a government institution
resulted from the merging of the former National Computer Center and the National
Scientific and Technological Information and Documentation Center which were
responsible, since mid 1987, for the promotion of computer technology and information

systems and services in the country. respectively.

Some of the objectives of the Center include building up national capabilities in the
efficient utilization and development of computer and information science and technology
in the areas of information systems and services, computer hardware and software, training,

consultancy, and data communication (NCIC 1995).

The Center provides services, such as, computer services, computerized information search
services, consultancy services, e-mail and BBS services. library services, training services.

ete.

The National Computer Center (NCC), now NCIC, has started providing short term

training courses since 1988. The computer training unit has the objective of training
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trainees in  hardware, software (operating systems, application software packages.
programming languages), systems analysis and design methodologies. management of

computer-based information systems and services. data communication and networking.

Introduction to computers is one of the prerequisites of the fulfillment of the Certificate

programs in any one of the applications at NCIC.

Treainees upon securing one of the Certificates, ie.. after taking 'Introduction to
Computers', MS-DOS/Windows, and one of the application Programs in Wordprocessing

(WordPerfect or Word), Spreadsheet (Lotus 1-2-3 or Excel), and database management

(dBASE or FOX Pro) are expected to achieve the following basic goals of the unit.

The basic goals of the unit states that: a trainee, after completing the three months course in
one of the applications, is expected to be able to handle most of the problems in the areas
of word processing, database management. spreadsheet (or all) of an organization

efficiently.

Even though the exact figure is not known, the Center has trained more than 2500 trainees

so far.
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2.2 Objectives

The course has the following objectives:

. to discuss the basic elements of data processing activity and why it is
necessary;

. to introduce trainees to concepts and terminologies in the field of
computers;

. to make trainees understand what computers can do and what they cannot
do;

. to teach trainees the different constituent parts of a computer system

(hardware, software): and

. to introduce trainees to the concepts of networking.

2.3 Entrance Requirement

Trainees who are registered for this course are not expected to have any prior knowledge of
computer systems. The minimum requirement is to complete their high school education

and proficiency of the English language.
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2.4 Duration

The course is given for 18 hours. It is given in every other day basis in two groups.

Three classes are given in a day. Two of them in the dayv session (morning and afternoon)
and one in the evening session. The day sessions are given 3 hours per day and the evening

sessions 2 hours per day. Therefore, the course takes 3 to 4 weeks including examination

periods.

2.5 Course Content

The course is divided into five sections as follows. The first section discusses about data
processing. Section two deals with computers and how data is stored. processed and
communicated in copmuters. Section three addresses the hardware aspect of the computer
system and section four addresses the software aspect. Computer Communications is

introduced in section five. Topics covered under each section are mentioned below.,

. Introduction
- What this course is all about
- What is data processing
- Data processing criteria

- Different ways of data processing
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About computers

- What is a Computer

- The computer number system
- The decimal number system
- The binary number system
- Units of data representation

- Coding methods

Computer Hardware

- Input unit
- The Central Processing Unit
- Memory
- Read Only Memory
- Random Access Memory
- Output unit
- The bus system

- External Memory

Computer Software

- Systems software

- Operating Systems

- Functions of an operating system
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- Types of operating systems
- Examples of operating systems
- Programming Language software
- Categories of Programming Languages
- Assemblers, compilers & Interpreters
- Application software
- Word Processing
- Spreadsheets
- Database Management Systems
- Computer Graphics

- Integrated Packages

58 Computer Communications

- Local Area Networks (LAN5s)

- Wide Area Networks (WANSs)

2.6 Instructors

The instructors for this course are experts (i.e. software experts. hardware experts. svstems
experts, and information experts) from the different Departments and Teams of NCIC. The
instructors have at least a bachelor's degree in computer, information or related subjects

most of them with master's degree in computer and information sciences.



2.7 Problems

The problems identified from formal and informal discussions with instructors, the results
of students’ assessment of the course. and problems encountered by trainers regarding this

course are as follows:

. Students usually come with the expectation of some interaction with the
computer in learning a computer course. They are mostly bored with this

subject since it is based entirely on lectures and manuals.

. The students are admitted to the course with their varving educational
background (i.e., high school completes, bachelor's or master's degree

holders, etc.). Therefore. it is not easy to teach students in a uniform pace.

. Students suggest that the medium of instruction to be at least partially in
Amaharic. They hint that new concepts are easily understood with a local

language than with a foreign language.
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CHAPTER THREE

COURSEWARE

3.1 Computers in Education

The main challenge during the first few decades of computing was to invent and improve
hardware to reduce the cost of processing and storing data. In the past ten years, advances in
micro electronics technologies have successfully achieved more computing power and data
storage at increasing lower cost. These rapidly advanced technologies lead to the popular use of
microcomputers among all sectors in the society, including the use of microcomputer-based

learning in education (Wong, 1993).

The term Computer Aided Instruction (CAI) is used to represent the application of computers in
education. It is one of a plethora of terms, most with overlapping meanings, related to the use of
computers in education; others include Computer-Augumented Learning (CAL), Computer
Based Leamning (CBL), Computer Managed Instruction (CMI), Computer Based Training
(CBT), Computer Based Education (CBE), Computer Aided Learning (CAL) Computer
Aided Teaching (CAT) (Microsoft Corporation 1993, Wong 1993, Creanor and Durndell 1994,

Choo 1994, Alemayehu 1995).
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In this study, unless quoting someone, the term Computer Aided Instruction (CAI) is used to

refer the use of computers in education.

3.2 Definition

The term courseware was used by Choo (1994) to mean "a teaching software". Hendrickson,
Janson, and Rossi (1985) called Computer Aided Instruction (CAI) products as courseware.

Alemayehu (1995) defines courseware as "a system where keyboard, CRT display, other
computer controlled equipment (optional) and documental references (Optional) can be used for
the purpose of performing explanation by instructor or educational material, response by
learners, and further explanation by instructor or educational material” after assuming the

following model as the representation of the basic concept of education.

ADMINSTRATOR

(DIRECTOR)

ADMINSTRATION ADMINSTRATION

Instructor, t L Explanation

Educational Material -SSR o
3. Further Explanation N

Figure 3.1 Representation of the basic concept of education

Brief review of definitions of courseware given by different authors is given below. Some of

them can be found in Alemayehu (1995).
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Bunderson (1981) defines courseware in the following way
" .. courseware typically refers to whatever combination of on line and off line

materials which comprise a training course or program.”

Watts (1981) considers coursewares as
" . those packages of software and ancillary materials specifically designed

for classroom instructional use"

Coburn and his associates (1985) refers courseware as
" . educational software which is usually accompanied by a range of ancillary

materials including teachers manuals, ditto sheets, work books and tests"

Software packages which help teachers to improve iheir teaching in the
classroom is also referred by Jaques Hebentett as "courseware” (Tagg and

Lowis 1988)

In addition Uffing Shouten (Tagg and Lovis 1988) refers courseware to represent the
development of CAL as "... the development of CAL also known as courseware ". While Radev
uses the term to refer to

" ... the preparation of teaching programs or teaching ourses, i.e., coursewares" (Tagg

and Lovis 1988)
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As can be seen, from the various definitions presented above, although the wordings differ, one

can clearly see that the concept emphasized is more or less the same.

3.3 Advantages of Computer Aided Instruction

CAI methods provide many opportunities for individualized learning which include: greater
motivation, learning privacy, improved information retention. immediate feedback, the
opportunity for lessable students to benefit from repeated use, and more active participation by

students (Choo 1994).

There is no generally accepted definition of Computer Aided Instruction. It surely implies the
use of computers in one or several stages of the educational or training process, but there is no
agreement on the scope of its application. Examples range from the most simplistic grade school
page-turners and 'drill sargents' to relatively powerful mainframe knowledge-based packages that
teach advanced calculus or simulate the re-entry sequence of a spacecraft (Hendrickson, Janson,

and Rossi 1985).

Still, almost all Computer Aided Instruction efforts share similar advantages. Their importance
varies depending on the approach used, the goals, and the environment in which they are put into

practice.
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Generally almost all of the applications of courseware are driven by the need to improve the
efficiency or effectiveness of teaching, which in turn means getting better instruction results (i.e.

improved student achievement or job performance) with fewer resources.

Increasing efficiency/effectiveness benefits of a courseware are more expressed in terms of

(Alemayehu 1995 and Hendrickson, Janson, and Rossi 1985):

* increased control;

¢ reduced resource requirement;

e individualization;

e improved student performance;
e increased learning satisfaction;

e convenience, and

e the power of the computer.

Each of these benefits are briefly described as follows

3.3.1 Increased Control

Lack of control over instructional activities is one of the biggest failings in educational systems.
Institutions spend a considerable amount of time and money for developing a course. Such
course materials, however, may be modified by instructors which may produce different

outcomes than were originally intended. This could lead to lack of standardization. In addition.
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except for certain check points, real controlling over the learning process to ensure if students

have learmned good troubleshooting or diagnostic skills is impossible (Alemayehu 1995).

3.3.2 Reduced Resources

An area where CAl is particularly valuable is in simulations in which students are free to explore
the outcomes or consequences of decisions and actions. Simulations are directly applicable to
situations where the actual use of complex or sophisticated systems or equipment would be too
costly or impossible without the computer. Included are simulations of dangerous or destructive
processes, troubleshooting, emergency management and diagnostics. Simulations or "game
playing" CAI applications can provide a rich range of experience and give the student the
opportunity and ability to learn on the basis of experience (Hendrickson, Janson, and Rossi

1985).

In addition to providing the kind of practice-hands-on-equipment-needed without the cost (risk)
associated in the actual equipment, with the advent of computer graphics technology, computer-
based simulations are often providing the student with a better understanding of the equipment

than is possible with the actual equipment.

Coursewares have also the potential to enable students to take care of the routine aspects of the
instructions by themselves through on-line and off-line self study and making the instructor

needed only to help students with problems (Alemayehu 1995).
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3.3.3 Individualization

One of the central focus of coursewares is allowing each student to learn in his/her own pace and

in a fashion most suited to his/her particular learning style (Alemayehu 1995).

CAI products can be designed in such a way that each individual has a unique interactive
experience based on their performance. The effectiveness of the learning experience is greatly
enhanced if the material sequence is systematically modified to suit each individual's needs.

Courseware can review and reinforce material when the student's response is no% adequate, and

summarize problems or present more advanced material as appropriate depending on his or her

learning ability or scope of interest (Hendrickson, Janson, and Rossi 1985).

One advantage of CAI is that it can give the student control over the pace of learning. This
control is impossible in class or lecture situations, where it is often difficult for students to
interrupt while the session continues at its own pace independent of a student's reaction or
understanding of it. In this sense, CAI provides great advantages for both the slow learner and
the gifted person (Hendrickson, Janson, and Rossi 1985). It allows students to speed at their
own pace, taking time to repeat items if necessary and to practice exercises and examples
without the embarrassment of making mistakes in front of colleagues or a teacher. It leads to
confidence building through achievement, not only in the specific area but also in the handling of
the technology which in itself may be a new skill (Cleanor and Durndell 1994). The value of this
charactenistic is greatly enhanced if the student has control over both the content and the level of

the detail of the learning sequence (Hendrickson. Janson, and Rossi 1985).
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Use of courseware allows students not only to proceed at their own pace, but to skip over
materials in which they already have competence, and also repeat lessons as necessary. This
results in significant time savings over conventional classroom instruction which tend to be

geared to the pace of the slowest learner.

Coursewares also allow students to have some control (sometimes free and sometimes
conditional) over the order in which they learn topics, (i.e., the sequence of instruction). It is also
reported that, the use of courseware enables each student to complete the training with the same

acceptable level of competence (Alemayehu 1995).

3.3.4 Improved Student Performance

One of the most widely accepted advantages of CAl is that it makes learning an active process
which improves student performance or reduces performance problems (Alemayehu 1995).

Most educational methods (i.e. classes, lecture, readings) allow the student to adopt a passive
attitude which result in little actual learning as the student spends most of the time not attending
to the instruction. A well designed CAI product forces students to participate actively by
answering questions and making decisions (Hendrickson, Janson, and Rossi 1985).

Courseware's capability to provide interactive and individualized instruction provide it with
inherent potential to improve the quality of teaching (Alemayehu 1995). Most psychologists
agree that active involvement facilitates learning, even more when students are forced to play a

constant thinking role and the experience emulates a conversation between two people
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(Hendrickson, Janson, and Rossi 1985). Such continuous interaction and two way
communication, according to Alemayehu (1995) and Hendnickson, Janson, and Rossi (1985),

results in actual learning and improved student performance.

3.3.5 Increased Learner Satisfaction

The interactive nature of courseware has a common outcome of improved learner satisfaction
and enjoyment. Students typically find using courseware more motivating than other forms of

instruction (Alemayehu 1995).

The feedback provided on responses and the capability of assessing the student progress
available in most of the coursewares creates an environment whereby students develop a sense of
achievement while learning. This leads to increased satisfaction during training which is one of
the most important factors that contributes to students achievement and satisfactory completion
of the course (Barker and Manji 1992). Poor motivation rather than lack of ability or skill often
causes learning problems. Thus, the capability of coursewares to Improve motivation is an

important factor in reducing course failures.

3.3.6 Convenience

Considering some of the reasons discussed above, convenience may appear to be a relatively

weak rationale for use of coursewares. However, as computer systems become more ubiquitous

and widespread, it is becoming a very strong and compelling argument for courseware.



In so far as students have access to a computer system when they go to work, which is most
likely to be the case, and to a courseware package, use of courseware can make a good deal of

sense. In addition, the courseware can always be used for refreshing previous knowledge.

3.3.7 Power of the Computer

Another virtue of the use of computers in eduction is the flexibility and power of the computer
itself. The computational ability and capacity to drive other equipment permits integration
processes. Slide projectors, laboratory equipment, tape recorders, video tapes and laser disks are
examples of equipment which have been used for some time to enhance the learning process, but
results from their individual use have been mixed. Modern computers can now either simulate
their performance (through improved graphics and sound generation technologies) or couple

their capabilities as global monitors (Hendrickson, Janson, and Rossi 1985).

More compact storage of information is also an advantage of CAL. While computers themselves
require considerable space, it is possible to pack a considerable amount of written material and
instructions on a small disc or chip. Advances such as laser discs promise considerable

improvement in this regard.

Finally, the reliability of machine operation is an advantage, as Main (quoted in Hendrickson,
Janson, and Rossi 1985) said "the systems are patient, never have a day off, don't loose their

tempers, and have all the time in the world".
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While these are some of the main arguments generally cited to encourage the use of courseware,
increased development time, problem of facilitating man machine communication, problem of
cost efficiency and that of user acceptance are, however, the main reasons cited to discourage its

use (Hendrickson, Janson, and Rossi 1985).

3.4 Types of Courseware

There are many different types of Courseware, each one having different characteristics. The

four most common are:

1. Computerized Tutorials. This is one of the most comprehensive forms of application of
computers in education. Tutorial coursewares involve the presentation of information.
Such coursewares typically consist of discussions of concepts or procedures with
interspersed questions or a quiz at the end of the discussions. The primary purpose of
tutorial applications is to teach new information. In this regard, tutorial coursewares, by
taking the full instructional burden, guides a student to the achievement of a specified set

of objectives (Alemayehu 1995).

The first implementations of tutorials were simply "books on a screen". The first and
most common form was linear, where the student was presented with a sequence of
displays consisting of text and graphics which defined the lesson and a group of
questions and feedback responses that would evaluate the student's understanding of the

topic. With time, the learning process was enhanced by using the student's responses to
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decide whether to repeat the material, allow him to branch to the next sections of the
tutorial, or provide him with additional information (Hendrickson, Janson, and Rossi

1985, Alemayehu 1995).

The critics of the tutorial coursewares point out its "limited and limiting pedagogy”
(Alemayehu 1995) They are also criticized by their nature of trivializing concepts, 1.e.,
by narrowing the range of possible responses, tutorial coursewares keep students from

exploring the complexities of a given concept.

Advocates of tutorial courseware, however, respond to this criticism by pointing out that
the same criticism can be applied in the conventional instructional methods such as the
lecture, textbooks etc. (Alemayehu 1995). With the advent of intelligent tutorials which
make the representation of knowledge very possible and an easy task, such criticism 1s

loosing its significance.

Computerized Drill-and-Practice Sessions. The purpose of this type of CAI is to
provide feedback and practice on skills already learned (as compared with tutorials which
primarily teach new skills). This is the most common type of CAI now used. It generally
is a two-phase process where the student is asked a series of questions and provided with
feedback about the correctness of his answers or diagnostics of his mistakes. Drill and
practice lessons are a natural follow-up for tutorials. Drill and practice CAI may be quite
sophisticated, including "intelligent" expert system based tutors (Hendrickson, janson,

and Rossi 1985, Alemayehu 1995).
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The critics of this type of courseware include pedagogical narrowness (lack of stimulus -
response) and the possibility of reinforcing incorrect learning. But advocates of drill and
practice type of courseware acknowledge that such criticism is due to poor design of the
programs by the persons (educators) involved in the development rather than the
inherent nature of drill and practice. They suggest that with the additional features of
graphics, sound and animation drill and practice can provide useful educational

experniences (Alemayehu 1995).

Computerized Simulations. Simulations typically involve the specification of an
objective and the presentation of information about the current state of the system to be
studied. The goal is to teach the student to identify and control the relationships between
different components of the system while trying to reach a certain goal In
the process, the student is provided with feedback regarding the consequences of his

actions or responses (Hendrickson, Janson. and Rossi 1985).

Simulations are based on a model of some process, mechanism or activity. Such model,
allows a student to relate input or changing parameters to output or outcomes; initiates a
real or imaginary system based on the model's theory of the operation of the system.
Since reality cannot be fully represented by any model, simulations focus student's
attention on certain aspects of the process under investigation. Simulations, however, are
also powerful learning tools in studying events that could not be otherwise examined

owing to danger, expense, or lack of time (Alemayehu 1995).
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Although simulations have such a profound use, the design and programming of good
computer simulation is very difficult. The main critics in this line is the inherent difficulty

that exist in representing real world problems with the model (Alemayehu 1995).

4. Instructional Games. Instructional games involve an element of fantasy which is not
possible in the other types of coursewares. They are designed to be fun for students and
thereby increase the chances of the student learning the concept, knowledge or skill
embedded in the game. Game coursewares are most helpful and effective in a situation

where student motivation is a concern (Alemayehu 1995).

The most successful instructional computer games have challenge, fantasy and cunosity
charactenstics. To provide such features, the development of instructional game
coursewares require sophistication in both curriculum design and computer

programming.

Besides using a different approach and methodology, each is used at different stages of the
learning process. The tutorials tend to replace formal lecture education, drill-and-practice tend to
complement and develop skills already learned, while the simulation-game is generally a final step
towards integration and effective use of skills in problem solving. Thus, tutorials, drill and
practice sessions, simulation, and gaming each play an important role in the educational process
that leads from general principles to their actual use in pseudo-real situations (Hendrickson,

Janson, and Rosst 1985).
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3.5 Courseware Design Characteristics

An increasing number of educational software have been marketed by commercial firms and

individuals all over the world.

In order to evaluate and choose among these coursewares and/or develop a courseware to pass
the evaluation, identification of the basic features that should be possessed by a courseware is

essential.

Alemayehu (1995) provides basic characteristic features that should be present in a particular
courseware. He has categorized the different characteristic features of a courseware into four:
factors related to program content, pedagogy, program operation, and program

documentation.

The PROGRAM CONTENT characteristic feature of a courseware include:
e presentation of information about the content and background;
. suilé.bility of the content of the material for students' use;
e compatibility of the content with the learning outcome(s) expected;
¢ educational significance of the content;
e statement of objectives and aims;
e statement of the intended type of use and audience; and

e availability of instructions for running the program.
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The PEDAGOGY (FRIENDLINESS AND FLEXIBILITY OF THE PROGRAM)

characteristics are:

provision of immediate feedback which may be passive, active or interactive,

clear definition of the learning theory underlying the courseware, i.e., behavioral,
cognitive, logical, etc. ;

self continence of the program, i.e., allowing students to learn by their own without
intervention when needed;

effective screen presentation, ie., usage of color, sound, graphics, and animation to
enhance student learning without filling the program with unnecessary sound and

fury; and

motivation (motivating) of students in using the program.

The PROGRAM OPERATION charactenstics include:

clarity of the program from bugs and breaks;

clarity and acceptance of the directions and instructions;

synchronized usage of graphics, sound, and color capabilities;

informative and clear user error handling system,

versatility, i.e., allowing the student control (conditional or unconditional) over the
program operation, and

portability, that is ability to transfer the program to a different computer.
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The DOCUMENTATION characteristics of a courseware are:

e information about machine requirements;
e information about the model used,
e information about the program structure;
e listing of the program code; and
e user documentation to use the package.
Generally if one exp_ects to gain the benefits of using a courseware, the courseware has to satisfy

all or most of the above characteristic features.

3.6 Current Trends and Developments

Within any area of endeavor, developments in technology usually affect progress in four
important ways. First, technology can be used to extend the limits of what can be done; second,
it can affect the speed with which objectives can be realized: third, technology can strongly
influence the ease with which activities can be performed; and finally. technology can be used to
extend the area of endeavor in new directions as a result of providing 'enabling resources'
(Barker 1993). Owing to the evolution of technologies, courseware development has made
appreciable progress in recent years. In this regard, the application of technologies like object
orented programming, hypertext, artificial intelligence (particularly expert systems) efficiently

contribute to the design and pedagogical maintenance of interactive and intelligent coursewares.
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A brief description of how these technologies contribute to the design of courseware is presented

as follows.

3.6.1 Hypermedia

One of the main obstacles that holds back the production and diffusion of educational
courseware 1s the excessive amount of time necessary to develop a quality courseware. The
hypermedia approach provides a solution to both the problem of quality and development time

(Alemayehu 1995).

Hypertext refers to a non-sequential, non-linear method for organizing and displaying text
(Jonassen and Wang 1993). When these data are graphics or sound as well as text or numbers,
the resulting structure is referred to as hypermedia (Parsaye et al. 1989) A Hypermedia

environment 1Is the user interface that allows to work with different elements as a whole: text,
graphics, images, sounds, simulation software, external hardware, databases, computer
networks, etc., on the basis of specific application. It is designed to enable the reader to access
information from a text in ways that are most meaningful, based upon the assumption that the
organization that the reader imposes on a text is more meaningful than that preffered by the

author.

The most pervasive characteristic of hypertext is the node, which consists of chunks or
fragments of text, graphics, video or other information. The size and modality of a node varies

from a single picture or a few words to the size of a large document. Nodes are the basic unit of
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information storage in a hypertext. Modularizing information enables the user of the information
system to determine what chunk of information to access next. Another important characteristic
of nodes in many hypertext systems is that they are amendable or modifiable by the user. The
user may add to or change the information in a node or create his or her own nodes of

information.

The organization of a hypertext, that is, the interrelationships between the nodes, is defined by
the links that interconnect the nodes. Links in hypertext svstems are typically associative, that is,
they define an associative relationship between the node pairs that they connect. The links
transport the user through the information space to the nodes that are selected, enabling the user
to navigate through the knowledge base. The node structure and the link structure form a
network of ideas in the knowledge base, the interrelated and interconnected group or system of

ideas.

Hypermedia permits the user to determine the sequence in which to access information
(browsing), to add or amend the information in order to make i.t more personally meaningful
(collaboration), or to build and structure their own knowledge base. Like most information
systems, interaction is one of the most important attributes. Hypertext information systems
permit more dynamic user control of the information in the knowledge base (Jonassen and Wang

1993).

Any piece of information be it text, graphics, sound or numenical data, can be linked to any other

piece of information. This flexibility makes it possible to construct a qualitative courseware
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information storage in a hypertext. Modularizing information enables the user of the information
system to determine what chunk of information to access next. Another important characteristic
of nodes in many hypertext systems is that thev are amendable or modifiable by the user. The
user may add to or change the information in a node or create his or her own nodes of

information.

The organization of a hypertext, that is, the interrelationships between the nodes, is defined by
the links that interconnect the nodes. Links in hypertext systems are typically associative, that is,
they define an associative relationship between the node pairs that they connect. The links
transport the user through the information space to the nodes that are selected, enabling the user
to navigate through the knowledge base. The node structure and the link structure form a
network of ideas in the knowledge base, the interrelated and interconnected group or system of

1deas.

Hypermedia permits the user to determine the sequence in which to access information
(browsing), to add or amend the information in order to make i} more personally meaningful
(collaboration), or to build and structure their own knowledge base. Like most information
systems, interaction is one of the most important attributes. Hypertext information systems
permit more dynamic user control of the information in the knowledge base (Jonassen and Wang

1993).

Any piece of information be it text, graphics, sound or numerical data, can be linked to any other

piece of information. This flexibility makes it possible to construct a qualitative courseware
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because one is able to represent knowledge; browse, carry out structured searches and make

inferences all within the same environment (Parodi 1993).

Hypertext also enhances co-operative writing among multiple authors. It allows one not to
commit him/her self to a particular linear sequence of ideas when writing. Ideas can grow and
evolve naturally over time while a consensus built on how thev should be linked. It enables to
avoid most disputes over material organization and primacy by allowing variety of orders to be

constructed and tested.

Generally, the realization of multimedia application coupled with usage of an object oriented
environment avoids the need for writing a long list of program statements. Instead it is possible
to build applications by creating and/or modifying the objects that embody the different parts and
functions for those applications. The hypermedia environment provides a facility for developing a

courseware which can facilitate individualization and interaction ( Alemayehu 1995).

In this research hypertext is a matter of concern.

3.6.2 Expert Systems

The subject of Artificial Intelligence (AI) provides the most promising source of new ideas for
courseware. The particular branch of Artificial Intelligence which is currently making a

significant impact in education relates to Expert Systems.
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Expert systems are intended to capture and make accessible the operational knowledge of an
expert. An expert system is an intelligent computer program that uses knowledge and inferential
procedures to solve problems that are difficult enough to require significant human expertise for
the solution. Expert systems seek to use those procedures and inferences to model the thought
processes of an expert practitioner. The expert possesses the knowledge (facts, principles,
strategies) that enables him or her to make decisions and solve problems. In order to be useful
for building expert system knowledge bases, this knowledge needs to be translated into facts and

heuristics.

There are severai classes of tasks for which expert systems can function most effeclively, such as

(Jonassen and Wang 1993):

e automating procedures,

e diagnosing problems (such as medical),

e monitoring any activity or process (such as patient care).

e configuring new systems (such as a new computer system),

* scheduling operations (such as a major league baseball schedule), and

* planning or managing large processes (such as constructing a mall).

Expert systems provide the tools for knowledge representation which are referred to as
knowledge base, inferencing and higher level programming capabilities. Expert system
environment also includes a number of tools for helping the various peoples who build or use the

expert system.



The knowledge base is the part of the expert system that carries out long term memory of facts,
structures and rules that represent expert knowledge about the domain of experts. Whereas the

inference engine is the part of the expert system that carries out the reasoning function.

In courseware development it is not the expertise of an expert system that is used to make
improvement but the usage of expert systems as a higher level programming tools. In particular it
is the approach to expert system where they are seen primarily as high-level programming
environment for information and knowledge-intensive tasks which dominates the advantage of
expert systems in courseware design and development. That is, expert systems technology are

used as a general programming environment for putting intelligence into coursewares.

Such inclusion and representation of knowledge using the expert systems results in the
development of intelligent coursewares which are highly interactive and have the capability of
modelling the students knowledge in order to discover the reason(s) of his/her mistakes. As such
expert system application increases the adoption of the courseware to a given student. It also
facilitate development of courseware packages which can respond flexibly to individual learner

needs and progress (Alemayehu 1993).
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3.6.3 Expertext

The term ‘expertext’ was used by Rada to describe the work he has undertaken in the context of
developing 'intelligent hypertext' by augmenting hypertext through the use of expert systems

technology (Barker 1993).

Jonassen, Grabinger, and Wang (1993) demonstrated different integration of hypertext and
expert systems. Hypertext can be used as a front-end interface and back-end help system for
expert systems. Expert systems can function as diagnostic tools for accessing information in a
hypertext knowledge base, for describing the expert's knowledge base in order to prescribe the
most productive learning paths, or as a means for modeling student learning in intelligent

tutorials (Jonassen and Wang 1993).

Obwviously, in order to undertake developments of this sort it is important to have suitable
development tools available. One very useful tool that combines a hypermedia authoring facility
and an expert system capability is Knowledge Pro system (Barker 1993). This development tool
provides a very powerful environment with in which to produce different types of intelligent
hypermedia system that incorporate appropriate combination of hypertext, sound and pictures

(Barker 1993).

Jonassen and Wang (1993) has demonstrated the use of the integrated Hypertext/Expert system

(Expertext) by developing a prototype intelligent tutoring system (ITS) using hypermedia and
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expert systems called the Physics Tutor, an instructional physics information base designed to
familiarize students with the basic concepts in rectilinear Newtonian Physics (Jonassen and Wang

1993).

3.6.4 Object Oriented Programming

One of the promising approaches to the courseware development challenges is object oriented
programming. This technology for software development enables the programmer to arrange
groups of code (objects) to build an application rather than building each application from

scratch.

Systems built around object orientation methodology are built as collections of classes whereby
every class represents a particular abstract data type implementation or group of

implementations.

Generally, object orientation can be characterized through the most fundamental aspect of its
paradigm: abstract data typing (encapsulation), inheritance and object identity (Parodi and Ponta

1993 and Parsaye et al. 1989)

The first concept, abstract data typing, refers to the attributes and behaviour of an object. It
enables to keep critical information together, hides details, minimizes dependency and allows
new objects to be easily added. The concept of inheritance refers to the nature of all the objects

responding consistently to the same set of commands that are inherited from the original objects.
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The third concept, 1.e, identity allows easier maintenance by packaging different objects with the

same commands which enables to respond to a consistent message.

Object oriented programming, generally, allows a more direct representation of the real world
model in the code. As a result, the normal radical transformation from systems requirements
(defined in user's term) to system specification (defined in computer term) is greatly reduced. It

provides better concepts and tools to model and represent the real world as closely as possible.

Appli;:ation of object orientation is increasingly becoming popular in software engineering. In
particular, object oriented programming is found to be suitable for meeting such software
engineering goals as modifiability, maintainability, understandability, portability, abstraction,
information hiding, reusability etc. (Parsaye et al. 1989, Scholtz et al. 1993 and Arano et al.

1993 ),

The main features of the object oriented model mentioned earlier, i e , encapsulation, identity and
inheritance provide the facility to design software which could be easilv modified, maintained,

understood and portable without any effect on the rest of the system.

Courseware development (engineering) basically being an activity of software engineering, which
is differentiated from the later only by its educational content, draws all the benefits of using
object orientation for software engineering. Especially, Parodi and Ponta (1993) have reported

that, the application of object orientation methodology in courseware development enables an
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incremental development and software reuse It also efficiently contributes to the design and

pedagogic maintenance of interactive coursewares.

The implementation of object oriented languages enables the integration of all the courseware
features into a homogeneous parts where all the different features of a lesson are built as
"objects" and as such can be efficiently manipulated and combined. In fact. instead of building
each application from the beginning, it enables the courseware programmer to accomplish this

task by the arrangement objects.

Generally Cox and Hunt point out that "... what is truly revolutionary about object oriented
programming is that it helps programmers reuse existing code, just as Silicon Chip help circuit

builders reuse the work of chip designers" (Parsaye et al. 1989)
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CHAPTER FOUR

HYPERTEXT

4.1 Introduction

Information (and knowledge) can be organized in a variety of different ways. Naturally, the way
in which these commodities are organized and stored can significantly influence their meaning
and the purposes for which they can be used. Two basic approaches are often used for
organizing (and presenting) information and knowledge, often referred to as the linear and the

non-linear approaches.

4.1.1 Linear Structures

The essential idea underlying a linear organization is that a corpus of knowledge is organized
into several units which are designed to follow each other in sequence, although some jumping
back or skipping ahead is usually allowed. Each of the basic units from which a linear structure is
composed has just one entry point and one exit. Another important point to note is that the
material embedded within each module that makes up a linear information structure is intended

to be processed in a strictly sequential fashion (Barker 1993).

The linear approach has, until recently, been one of the most widely used types of organizational
structure. Indeed, it forms the basis of many of the most commonly used methods of organizing

and presenting knowledge. Consider. for example, the collection of chapters from which a book
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is composed - they are arranged into a particular sequence in order to achieve a certain effect.
Each chapter is composed of a number of sections each of which is made up from a series of
paragraphs. Paragraphs are composed of sentences which, in turn, are built from sequences of
words. Although readers may not choose to access the book in this fashion, it is certainly the
way in which the author intended it to be used at least on first reading (Sever 1991, Barker

1993).

Conventional books thus provide a good example of an essentially linear information storage and
presentation mechanism. Many other types of media also impose a linear structure onto the
information they store. Two common examples are audio tape and film. Each of these storage
media is intended to store information units (and subsequently present them) in a strictly

sequential fashion (Seyer 1991, Barker 1993).

4.1.2 Non-linear Structures

Some information storage and presentation media (particularly those which embed some form of
computer facility) allow significant departures from the basic linear strategies described above. In
a non-linear structure the basic units of information that make up the knowledge corpus are
joined together in many complex ways that allow them to be processed in a variety of different
non-linear pathways. This is made possible because each of the modules used in this type of
arrangement has one entry point but can have any number of exit points. Therefore, from within
the body of one unit it 1s possible for the user to jump' to any of a number of other units

depending upon his or her information interests and requirements (Seyer 1991, Barker 1993).
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The essential feature of a nonlinear information/knowledge unit is the existence of embedded
'decision points' at which the user has to make a decision about which way to proceed. For
example, at a certain decision point, the user can choose to exit or carry on within the same unit;
at another decision point a similar choice is available - carry on or leave the unit via any of the

exits in that unit (Barker 1993).

Each of the exits from an information unit will usually lead to a different outcome. Also, when a
given exit is chosen the user may leave the current 'host' information unit permanently,
temporarily or transiently, depending upon the effects that the designer wants to achieve (Barker

1993).

The decision-making inherent in using a non-linear information structure is performed
interactively by the user. Usually, decisions are made using the 'point and click' facility provided
by the pointing device that is attached to the delivery platform being used to present the

information (Seyer 1991, Barker 1993).

The name hypertext is given to a text structure of the above form. That is hypertext is nonlinear,
or no sequential text. The text is organized so you can easily jump around from topic to topic.

You do not need to read the text in a fixed sequence (Seyer 1991).

In a typical hypertext application, users enter the database by accessing a table of contents,
searching through the index for an entry point, or starting to read from a designated beginning.
As users read through the text, various words or graphics appear as buttons-that is highlighted or
otherwise visibly connected to links with other material. By pointing with the cursor and either
clicking a mouse or pressing a key, users move instantly to other material by way of

predetermined links (Carl Binder 1992).
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4.2 Definition

The word hyper' in hypertext has the meaning of 'extending in to another dimension' as in

hyperspace, hypersphere, or hyperdimensional (Seyer 1991, Corenjo 1994).

In its literal sense, the term hypertext implies extra dimensions to text. In practice the term is
often applied to computer system which allow a person to browse a document by deliberately
jumping from text block to text block (Rada 1991). According to Parsaye et. al. (1989),
hypertext is a tool for building and using associative structures. While a normal document is
linear and requires reading it from the beginning to the end, reading hypertext is open-ended and
one can jump from one point to the other depending on the interests. The nearest thing to a
hypertext that most people are familiar with is a thesaurus. A thesaurus is not normally read from
the beginning to the end. Each time a thesaurus is consulted, it is entered at a different location
based on the word used to mitiate the search, and once the sought term is located, there are
pointers which lead the user to other parts of the thesaurus to get more information on the terms
related to the sought term. Hypertext can be thought of as an enriched thesaurus where, instead
of links between words, links between documents and text fragments are available (Parsaye

1989).

According to Barker (1993) the term hypertext and hypermedia were first introduced by

Theodore Nelson who defined hypertext as being ‘computer supported non-sequential writing'.

Slatin (1991) defines hypertext as an assemblage of text, images, and sounds - nodes - connected

by electronic links so as to form a system whose existence is contingent upon the computer. The
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user/reader moves from node to node either by following established links or by creating new

ones.

According to Lucarell and Zanzi (1993):

Hypertext can simply be defined as a system to manage a collection of information that can be
accessed non-sequentially. It consists of a network of nodes and logical links between nodes.
The variety of nodes and links that can be defined make hypertext a very flexible structure in
which information is provided both by what is stored in each node and by the way the

information nodes are linked to each other.

According to Microsoft Corporation (1993), Hypertext is a metaphor for presenting information
in which text, images, sounds, and actions become linked together in a complex, nonsequential
web of associations that permit the user to browse through related topics. regardless of the

presented order of the topics.

Hypertext, at its most basic level, is a DBMS that lets one connect screens of information using
associative links. At its most sophisticated levels, hypertext is a software environment for

collaborative work, communication, and knowledge acquisition (Fiderio 1988).

Hypertext is. according to Binder (1992), a network of cross references between related pieces

of information that need not bear any formal similarity.

Hypertext can be defined as a computer-based system which allows users to access related
information in various forms by means of activating links which in tumn lead to the display of new

data (Creanor and Durndell 1994).
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Hypertext is a text database + semantic net + interface. It is a svstem having three components

(Rada 1989, Frisse and Cousins 1992):

1. a database of text
2. a semantic net which connects the text components, and

tools for creating and browsing this combination of text and semantic net.

L2

Hypertext is a non-sequential, non linear method for organizing and displaying text (Jonassen

and Wang 1993) .

4.3 Historical Background

Although Ted Nelson coined the term "hvpertext", in 1965 Vannevar Bush was probably the

first to discuss the concept in print 20 years earlier.

Over the last few decades considerable attention has been devoted to research and development
of hypertext (Berk and Delvin 1991, Sever 1991, and Barker 1993). In the following table we

shall see a hypertext timeline (Berk and Delvin 1991).



Table 4.1: Hypertext timeline

Year

Event

1945

1962

Vannevar Bush published an article entitled "As We May Think" in the Atlantic
Monthly in which he claimed that the progress of research was being stymied by
the inabilitv of researchers to find and access relevant information. Bush
proposed the "memex' system, a microfiche-based system of documents and
links which foreshadowed the advent of hypertext. Some of the requirements for
the memex as specified by Bush were: fast access to information, ability to

annotate, and the ability to link and to store a trail of links.

Douglas Engelbart published a paper, 'Augmenting Human Intellect: A
Conceptual Framework," which set Engelbart's agenda for the 30 years that
followed. Engelbart sought to define and implement the functionality necessary
for computers to augment human abilities. The functions he thought necessary
included links between texts, electronic mail, document libraries as well as
separate "private” space on the computer for users' personal files, computer
screens with multiple windows, and the facilitation of work done in
collaboration by more than one person. In the course of his career, Engelbart
invented the mouse, outliner and idea processor, and on-line help systems
integrated with software. Engelbart was responsible for the first substantive
implementations of electronic mail, word processing, and shared screen

teleconferencing.
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1968

1972

+§5=
Theodor Holme Nelson invented the term "hypertext" and presented it to the
world. He constructed Xanadu, a hypertext engine based on his version of

hypertext.

Andries Van Dam and his team at Brown University developed the Hypertext
Editing System, which was intended to serve two purposes: to produce printed
documents nicely and efficiently and to explore the hypertext concept. Van
Dam's second hypertext project at Brown was called the File Retrieval and
Editi_ng System (FRESS, completed in 1982). According to Van Dam, FRESS
was the first system to have an undo function; undo remains the most popular

feature of many software packages.

The latest hypertext project at Brown is called Intermedia. Intermedia-based
applications are used in teaching and learning of biology and English Literature
at Brown. Intermedia is used both as a tool for professors preparing their lessons
and course materials and by students for learning and creating reports. One of
the seminal ideas derived from Van Dam's work is that of the "web", a set of
links that belong together. By opening a web, a hypertext reader imposes a
particular set of anchors and links on a document. This makes it possible for

different users to impose their own sets of links on the same document.

The last of the "first generation" hypertext systems, ZOG, was developed at
Carnegie-Mellon University. The first generation systems all originally ran on

mainframes, used text to the exclusion of other media, and provided support for
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workers to collaborate on a hypermedia network. ZOG was specifically

designed to provide fast response to a large number of users.

The "second generation" of hypertext authoring products began in the early
1980s with the emergence of workstation-based, research-oriented systems such
as Intermedia and KMS. The difference between the first and second generation
of hypertext products had a lot to do with improvements in technology that
became available on workstations. These faster computers and displays
supported more sophisticated user interfaces than earlier systems could. The
second generation systems are generally targeted at networked or UNIX-based,
single-user workstations. not mainframes as the earlier products were. KMS, a
commercial implementation of ZOG, has been marketed since 1983. KMS is
capable of storing text and graphics in its nodes, which are called "frames". It is
particularly appropriate for industrial-strength hypertexts, where many designers

and engineers must share the same documents on a large computer network.

In 1982, Peter Brown began to invent the first commercial hypertext authoring
system for a personal computer, which was called Guide in 1985 when Office
Workstations Limited (OWL) began to market it for the Apple Macintosh.
Guide was released for use on an IBM PC in 1987 Like other
microcomputer-based hvpertext authoring systems that came later, Guide
provides less functionality than earlier mainframe and workstation-based

products, but it does relv on a graphical user interface.
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Xerox PARC's NoteCards was released. NoteCards, KMS, and Intermedia all
support graphics and animation nodes as well as formatted text. They also all
provide graphical overviews of the structure of the hyperdocument to aid
navigational access. NoteCards pioneered in the application of metaphor to
hypertext; each node in NoteCards is represented on screen as a card.

NoteCards can be of any length necessary.

HyperCard came out. HyperCard does not allow text-to-text links. It provides
few of the frills most hypertext authors require for large scale hypertext
production, but because it comes with every Macintosh sold, it certainly has
brought a semblance of hypertext to the Macintosh masses. As can be
surmissed from its name, HyperCard imposes a card metaphor on its nodes. No
node can be larger than a card in size. A hyperdocument is called a stack in
HyperCard, and HyperCard programs are called stackware. Cards in HyperCard
are linked to other cards via link anchors called "burtons". Also in 1987, the
IBM-PC version of Hyperties, which began life in 1983 as The Interactive
Encyclopedia System (TIES) at the University of Maryland's Human-Computer

Interaction Laboratory, was introduced.

There are now plenty of commercially available hypertext authoring systems
running on a variety of platforms. New versions of existing hypertext products
such as HyperCard, Hyperties and Guide are released regularly. Hypertext
conversion programs such as Texas Instrument's HyperTRANS, OWL's IDEX,

and Big Science's SmarText (now owned by Lotus), which convert existing
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electronic documents into hypertext, are becoming viable options or additions to

business documentation plans.

4.4 Types of Hypertexts

The most pervasive characteristic of hypertext is the node, which consists of chunks or

fragments of text, graphics, video or other information (Jonassen and Wang 1993).

A node is a collection of data organized around a specific topic. In different hypertext systems,
different terms are used for nodes. In hypercard, a card is a node. In HyperPad, the node is a

pad. HyperWniter and xText talk about nodes as pages (Seyer 1991).

In the early hypertext systems nodes were alwayvs text nodes. The availability of computer
peripherals to generate sound and to deal with wvisuals creates a new communication

opportunities. A node might be (Seyer 1991):

. text display;

. graphic display;

. video or a video disc segment;
o animated graphics;

. recorded speech;,

. digitized speech; and

® music:
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If the word "text" in the definition of hypertext is replaced by "music", "film", "images", "sound"
and so on, a hvpermusic, hyperfilm, hyperimages, hypersound systems, etc. could be defined

(Rada 1989, Barker 1993). The term hypermedia is used by some people when referring to

systems that include a wide variety of node types (Seyer 1991).

Since Ted Nelson first coined the term "hypertext”, there has been debate over whether media
other than text are encompassed by that term. Nelson himself has acknowledge the usefulness of
the word "hvpermedia", although he claims that from the first, his vision of hypertext always

embraced multimedia as well (Berk and Devlin 1991).

In this study the term hypertext is used on its own and as a synonym to hypermedia. To avoid

confusion, terms such as text only hypertxt and multimedia hypertext are used.

4.5 Authoring Tools

The process of creating a hypertext or hypermedia system is usually undertaken using a suitable
authoring sysiem such as GUIDE, HyperCard, HYPERTIES, ToolBook, KnowledgePro, and

SO On.

The power of an authoring environment will depend upon the quality and range of tools that it
makes available. Usually, as a basic minimum, an authoring environment should provide tools for

(Barker 1993. Perez 1991):

1. creating multimedia information units;

2. marking reactive areas within these units;
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3. linking reactive areas within one source unit to appropriate target units in order
to create a network structure;

4. importing both marked (using a mark-up language) and unmarked information
units for incorporation into the hypermedia network that is being built;

3. updating the network after it becomes operational; and

6. controlling the 'access rights' of the users of the hypermedia corpus (that is,
controlling who can do what with respect to viewing, changing and deleting

stored information).

4.5.1 KnowledgePro

KnowledgePro is a powerful expert system shell. It has a full-blown language especially
designed for creating expert systems with hypertext capability. Its built-in language has about
120 commands. It includes commands for list manipulation, string operations, screen and file
input/output, debugging, and logic and arithmetic operation. In addition it has some special
functions for returning values from what are called "topics". A topic in KnowledgePro is a kind
of amorphous object that can behave in different ways. A knowledgePro topic can (Seyer 1991,

Knowledge Garden Inc. 1991):

o Hold commands, like procedures
° Store values, like variables

o Return Values

o Inherit Values

o Be linked into a hypertext network
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In addition to being a powerful expert system shell incorporating a hypertext development
system, this authoring tool is used for the thesis primarily because it is the only authoring tool

available at SISA.

4.6 Educational Application

The application of computers to the process of teaching and learning holds many promises.

Their use has been seen as a way of improying the quality of delivery, increase the
individualization of learning, encouraging learner autonomy, and, amongst others, providing a
cost effective solution to the issue of increasing number of students, particularly in higher

education (Barker 1993).

Of all the possible applications of computer technology to learning, hypermedia seems to be one
with a great potential. It is non-linear, learning is very often non-linear; it involves the
presentation of material using a variety of media. most quality learning uses a variety of media; it
allows flexible and differing uses by the learner, learning is optimized when the learner can attain
the system to his or her needs and preferred learning styles; it facilitates feedback to the learner,

quality learning requires quality feedback (Barker 1993).

Educators are making good use of hypertext and making learning difficult subjects more and
more accessible. For example, someone reading instructional material on a computer screen.

Several technical terms on the screen are highlighted - shown in a different color. He points to
one of the highlighted terms and clicks the mouse button, a new window of information - a

definition or elaboration of the term will appear (Seyer 1991).
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Yang and Moore (1995) list the following five points as the potentials of hypermedia in

education:

LUS]

Providing rich and realistic contexts for multichannel learning: Manipulating
sophisticated audio-visual devices, a hypermedia system can present vivid
information in various formats. A learner can then select the most comfortable
and effective format to grasp the meaning. The huge information base forms a

rich and realistic resource for learners to explore.

Accessing information non-linearly:  Hypermedia breaks the classroom's
arbitrary, linear teaching style. It allows learners to access randomly the stored
information based on their needs, interests, or whims. The process of finding
and organizing information will not only give true meaning to knowledge, but

also facilitate the construction of leaner cognition.

Focusing learner attention of the relationship of facts: The usefulness of facts is
limited if they are isolated. The structure of hypermedia systems inherently helps
learners focus their attention of learning relationships among facts. Therefore, it

produces better usage of information.

Encouraging active, student-centered learning: A hypermedia system is an
interactive environment. Since there are always decisions about where to link,
learners must be actively engaged in the retrieving process. They control
learning speed, amount, and path based on their abilities and needs. Hypermedia

systems thus provide and individualize environment for learners.



5. Promoting collaboration: Hypermedia systems allow learners to "author” the
contents or the structures. Learners annotate, delete, or modify the stored
information to correspond to their cognition. Thus, they are not only
knowledge receivers. They are knowledge contributors, too. A group of
learners can also share a hypermedia package. They work together and
exchange ideas through authoring functions. The ‘collaborating' process blurs
the distinction of authors and users. It also induces the cooperation between

learners.

Several problems are identified to plague in the use of hypertext for instruction. Yang and Moore

(1995) identified the following problems.

Too much Learner Control:- In hypertext systems, learners are granted full control of
navigation without specifying learning objectives or pedagogic strategies. Studies shows that
when novices in the subject matter, poorly-motivated learners, or learners lacking meta-cognitive

skills take control of learning, better learning effects are not found.

Lost in Navigation:- A hypertext system contains huge amount of information nodes. Most
nodes connect with multiple other nodes. While learners have the freedom to jump from one
node to another node, they are easily lost in the complex hyperspace. They will not know where
they are, where to go, or how to get there. This is specially true for young and novice learners
who are easily distracted by unrelated information and then are buried in the fascinating but

confusing information maze.

Cognitive overload:- During the navigation in hypertext system, learners have to continuously
make decisions about where to go and to make sense out of the connection. There are
tremendous efforts demanded in the process. It consumes learners' limited mental resources

which otherwise can be used on learning content knowledge.
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Missing important information: Most hvpertext systems are open environments where no
specific objectives or learning paths are specified. It is up to the learner to decide what to learn
and when to terminate the learning. The networked paths in hypertext systems are so complex
that most learners are unsure of whether or not they have completed the important topics. Also,
there is no way to measure whether the learning objectives are satisfied because no summative

evaluation or feedback is provided.

To solve those problems, various designers proposed strategies to improve the effects of
hypertext systems on instruction. If hypertext systems are going to have significant role in
instruction, they must function in as many elements as possible in the instructional process.
Therefore, hypertext systems must be designed systematically. In this study the hypertext

courseware has been designed to overcome these problems as possible.

4.7 Current Trends and Developments

Hypertext applications are being improved and expanded through the improvement in different

technologies. Some of these technologies are briefly reviewed below.

4.7.1 Pointing Devices

Hypermedia is essentially an 'interactive’ technology; that is. users point (either directly or
indirectly) to reactive objects that are being displayed on a computer screen. These pointing
operations enable users to select the particular items of information that are of interest to them.
The successful implementation of pointing operations depends upon the availability of a suitable
interaction technology, for example, a touch-screen or light pen (for direct pointing) or a mouse,

roller controller, joy-stick or tracker-ball (for indirect pointing).
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The use of pointing devices similar to those listed above is now well established. However, other
types of technology to facilitate pointing operations are being developed. We shall look into

three of them.

Data gloves. The data glove is a glove-like device that contains embedded position and direction
sensors that enable a computer to deduce the screen location at which a user is pointing with his

or her finger (Seyer 1991, Barker 1993).

Goggles/glasses. This is a device equipped with a suitable detection equipment which enables the
computer to deduce the screen location at which a user is looking, then the user can action the
selection of a particular object that he or she is looking at by winking or blinking (Seyer 1991,

Barker 1993).

Voice input. Voice driven pointing devices are based upon a limited repertoire of spoken

commands such as mext', 'go’, 'up’, 'down', 'left’, 'right' and so on (Sever 1991, Barker 1993).

4.7.2 Hypertext and Artificial Intelligence

Combining artificial intelligence techniques with a hypertext resource is being used to extend and
improve the types of facility that can be made available within non-linear information systems
(Barker 1993). Some Al technologies, for instance rule-based expert systems, are already
mature; some like blackboarding and neural networks, are beginning to find wider acceptance

(Littleford 1991).

One of the most popular use is to combine the capabilities of an expert system with those of a

hypertext facility. Expert systems and hypertext are complementary methodologies. As expert
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systems explain their decisions to users, the rules on which the expert system 1s based often seem
inadequate. Hypertext can be connected with rules so that textbook information can be offered
to the user when the knowledge behind the rule is questioned. From the other side, hypertext
systems can be extended by including expert system techniques within them that help guide the

user to relevant information in the database (Rada 1989).

Some commercial products are appearing which combine aspects of AI and hypertext. They do
so in different ways and sometimes for different reasons, but nonetheless the fusion of

technologies 1s taking place.

Some of these products are: Nexpert Objects from Neuron Data, HyperTrans from Texas
Instrument Inc., KnowledgePro Windows from Knowledge Garden Inc., Hyperbase from

Cogent Software Ltd, and manv more (Littleford 1991).

4.7.3 Hypertext and Telecommunications

As Barker (1993) state, development in hypertext are influenced by telecommunications facilities
in three ways. Essentially, these relate to: 1) the global distribution of hypermedia materials; 2)
the provision of shared remote access to resources; and 3) the creation of distributed hypermedia

systems. Each of these is briefly discussed below.

Obviously, the availability of a telecommunications network means, in general, that information
can easily be moved from one location to another. This implies that such networks can therefore
be used to facilitate the dissemination of a hypermedia knowledge corpus to multiple users in a

way that is independent of their geographical location. This also means that it now becomes very
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easy to share hypermedia material. provided the information carrying capacity of the network
(that is, its bandwidth) is sufficient to support the transfer of the embedded multimedia

information within a reasonable time-scale.

Alternatively, if the actual dissemination of a hypermedia system is not required, a
telecommunications facility can be used to provide distributed access. That is, users who are
spread out in different (possibly remote) geographical locations can each simultaneously access
(and possibly update) a centrally-located hypermedia knowledge corpus. Obviously, for sensitive
information it may be necessary to impose various sorts of access control mechanism that wil
allow users only to gain access to information for which they have been granted access rights. It

may also be necessary to impose charging mechanisms.

As well as facilitating dissemination and distributed access, a telecommunications network can
also offer the possibility of implementing a distributed hypermedia system. Such a system is one
in which different sections of the overall knowledge corpus are located at different geographical

points.
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CHAPTER FIVE

DEVELOPMENT OF A HYPERTEXT BASED COURSEWARE

5.1 Design Considerations

The development of a successful hypertext-based courseware depends critically upon the
adoption of a sound and systematic design strategy that is based upon the use of well-founded
guidelines and established design procedures (Barker 1993). These guidelines can be used to

specify and interrelate the various steps and processes that are involved.

In this study we shall see different courseware and hvpertext development models. The
courseware development models are used to identify the varous steps and processes in
developing a courseware while the hypertext development models are used to identify the steps
and processes in developing a hypertext application. A combination of steps and processes from

the two applications are identified and used for the current work.

When designing computer-based instruction, designers are engaged in two activities: 1) creating
a series of information screens and 2) organizing them into a certain order (Yang and Moore
1995). These two activities are well represented in the design of hypertext courseware which is

composed of two parts, nodes and links.
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Node design deals with the creation of discrete information screens while the link design deals
with the connections between them. Usually, an information screen contains multiple stimuli. The
significance of each stimulus is different. Therefore, it is the main consideration of node design to
guide learner attention to the important content and thus help them achieve the best learning
effect. The design of each screen is critical. However, only when these screens are well designed
and presented in an appropriate order is the learners’ cognitive construction facilitated (Yang and
Moore 1995, Shneiderman, Kreitzberg, and Berk 1991)..
As Barker (1993) stated, before detailed design of a hypertext courseware can commence, it is
important to resolve a number of 'top-level' design decisions relating to the overall courseware
design; these decisions will significantly influence the way in which subsequent stages of the
design will unfold. Some of the important decisions that have to be made will relate to answering

the following basic questions:

¢ How will the product be accessed by the user?
¢  What will the final 'package' consist of?
o What type(s) of user is the product aimed at?

e What form of access control will be needed?

The charactenistics of the delivery platform (such as pointing mechanism, storage medium,
display device and so on) will dictate how the user accesses the product. This decision will also
influence certain aspects of design mainly, the nature of the end-user interface that is produced

(Barker 1993, Shneiderman, Kreitzberg, and Berk 1991).
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Because the final hypertext package will usually consist of more than just interactive computer
software, it is important to decide what other supporting materials will need to be supplied and
what format they should take. In many situations a user-guide will be needed. Sometimes one or

more workbooks may also need to be provided (Barker 1993).

An important design decision that has to be made at the start of a hypertext project is whether
the product is aimed at single or multiple types of user group (such as novices, experts, casual
users and so on). This will influence whether or not a multi-level design strategy is needed and, if
so, which 'user models' should be employed. At this stage some thought must also be given to
access control with respect to who will be allowed to read information from the application and

who will be allowed to write information to it (Barker 1993).

5.2 Node Design

A node is the smallest piece of a hvper document that can be addressed by a link (Berk and
Devlin 1991). Littleford (1991) defines it as a small portion of the document which covers one

concept.

Node designing of hypertext courseware are mainly based on psychology, aesthetics, and
human-computer interface design. Node design can be classified into the following categories:
language usage, highlighting techniques, operating direction, and screen layout (Yang and

Moore 1995, Barker 1993).
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5.2.1 Language Usage

Since most courseware is used without direct assistance from outside tutors or instructors, a
carefully crafted language is critical to the effective communication. The following guidelines can
be applied to text as well as other information formats (Jones and Steinberg 1990, Yang and

Moore 1995).

Language should be used at the appropriate reading level. The reading level of a language
concerns not only the ability of learners, but also their cultural backgrounds and previous
experience with the subject content. Commercial courseware producers often neglect the
importance of appropriate language. They sometimes appear to understand very little about the
potential learners. Emphasis is sometimes placed only on content expertise and programming

skills, not on the formal instruction (Alessi and Trolip 1985 quoted in Yang and Moore 1995).

To help learners understand the content knowledge, courseware should keep language clear and
specific. Technical terms are confusing and difficult for new learners. Before they are used. clear
explanations have to be provided. An abbreviation garbles communication, especially when its
full explanation is not on the same screen. Since hypertext allows learners to jump from node
(content point) to node dyvnamically, it is crucial that each node be independent and self-
explanatory. Technical terms and abbreviations should be avoided as much as possible (Jones

and Steinberg 1990, Yang and Moore 1995).
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Spelling, grammar, and punctuation are important in communicating the content information.
However, the layouts of information are also valuable for they arouse and maintain learners’

attention.

Indentation or blank lines signifies the beginning of a new paragraph. Upper-and lower-case text
is preferred. Margins and line spacing are important for readability. These text layouts, although

not related to the content, facilitate the cognitive process (Seyer 1991, Yang and Moore 1995).

Redundant expressions are inappropriate since the computer screen has only limited space. To
make courseware efficient, the language should be to the point. Say only what needs to be said;

use short words and short sentences.

A lean language uses not only concise syntax, but also simple expressions. It allows only one
theme in each paragraph or on one screen. A lengthy and complex paragraph will “overload

memory, cause confusion, and decrease interest” (Yang and Moore 1995).

5.2.2 Highlighting Techniques

There are many ways to direct learner attention to the emphasized information on the screen.

But without reflective consideration, they may annoy learners.

It could be misleading to highlight a great deal of information on a single screen. Interface
experts have suggested limiting the use of highlighting techniques to no more than three fonts,
four text sizes, or four colors on a single screen (Jones and Steinberg 1990, Yang and Moore

1995).



There are conventions which are widely used to highlight information in traditional media. As a
relative new medium, hypertext courseware should conform with the existing conventions.

Violating these rules may cause confusion and decrease reading speed (Yang and Moore 1995).

Highlighting formats can provide extra cues to learners if they are used systematically. Those
cues are particularly useful in conveying the structural information of the content. For example, a
courseware unit uses italicized text for key terms. When learners are looking for terminology,
they do not have to read through the whole text. They just skim screens by looking for the

italicized text (Jones and Steinberg 1990).

5.2.3 Operating Directions

User-friendly operation can ease the anxiety and fear of learners. They also save learning time

and effort.

Operating directions should be clear and specific. Ambiguity causes uncertainty and
misunderstanding. For example, even if a system allows learners to proceed by hitting any key, it
is better to tell learners to hit a specific key. Specific direction minimizes the mental effort and

avoids possible troubles (Jones and Steinberg 1990, Yang and Moore 1995).

Operation should be consistent. Consistency of operation means universal position and universal
meaning. The program operating directions should be placed in the same area. and the same
operation should initiate the same function. If the directions are located in different places on

screens, learners must spend time to look for them. A program operation is frustrating if 1t means
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different things in various contexts (Jones and Steinberg 1990, Barker 1993, Yang and Moore

1995)..

The design of program operation must meet the various abilities of learners ranging from novices
to experts. In addition, during the navigation in courseware, learners should be allowed to access
the operation directions at any time. An on-demand assistance is an important characteristic of a
user-friendly svstem. It eases the memory load of learners. It is also adaptive to both novice and

expert learners (Jones and Steinberg 1990, Barker 1993, Yang and Moore 1995).

5.2.4 Screen Layouts

To motivate leamners, courseware screens should be artistically pleasant. Nevertheless, an
effective screen layout should not attract learmer attention to decorations or unimportant
information. The screen design should be designed to decrease the mental burden and achieve

better learning effects.

Since various tvpes of messages co-exist on a screen, it is desirable to divide the screen into
several functional areas. Each functional area uses fixed layout and location on the screen. A
possible screen layout list includes: title, text, graphic, operation, or dialogue window. These
functional areas make the appearance of screens neat and clear. The fixed locations of these

areas also minimize unnecessary eye movements (Barker 1993, Yang and Moore 1995).

If a series of screens share one layout, the standardized format provides extra structural

information and facilitates the learning process. In these screens, common objects remain static.
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Therefore, the learner only pays attention to the changed objects instead of the whole screen

(Yang and Moore 1995).

Cluttered screens increase mental burden and cause tension. Leaving appropriate space in
margins, between lines, and between functional areas will have aesthetic and instructional value.

Color also has a decided effect on learners’ visual cornfort (Barker 1993).

5.3 Link Design

A link is a pointer from one hypertext node to another. The presence of a link alerts a hypertext
reader that there is a relationship between the node that is the source of the link and the link's

target node.

The link design of hypertext courseware can be addressed from two perspectives, content
organization and presentation flow. The content organization discusses the interrelationships on
the subject matter aspect. The presentation flow addresses the interrelationships on the aspect of

instructional process (Yang and Moore 1995).

5.3.1 Content Organization

An extended description of knowledge may overload memory and increase the difficulty of

understanding the texts. The comprehensive knowledge should be broken down (chunking) into
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many manageable fragments (Barker 1993, Yang and Moore 1995). It can be divided by the
presentation formats, such as video, graphics, sound, or text. It can also be divided by the

informational functions such as examples, principles, applications, or questions (Seyer 1990).

There are many ways to conduct the content breakdown. Merrill (1987), quoted in Yang and
Moore (1995), identifies four primary presentation forms (PPFs) for computer courseware:
expository instance (example), expository generality (rule), inquisitory instance (practice), and

inquisitory generality (recall).

When constructing instructional fragments, a designer should consider a Performance-Content
matrix to classify the instructional outcomes. Then, according to the performance level of the
outcomes, the designer looks at a Performance-PPF Consistency table to find the appropnate
primary presentation forms for presentation, practice, and performance. Again, according to the
content category of the outcomes, the designer looks at a Content-PPF Consistency table to find

the prescription for each primary presentation form (Yang and Moore 1995).

In addition to these primary presentation forms, Merrill (1987) also suggests secondary
presentation forms. These forms do not come directly from the analysis of instructional content,
but they direct learers to process the content information and thus the learning results. These
terms include: enhancement, prerequisite information, alternate representations, mnemonics,

correct answer feedback, feedback, and others.

Another way to chunk information into smaller pieces as suggested by Shneiderman, Kreitzberg,
and Berk (1991) relates to identifying subsidiary topics and details. They suggest the following

techniques.
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Instead of discussing a subsidiary topic which is not the main subject of a node, just allude to
it and designate a phrase that refers to it as a link. Make that topic the subject of its own or at
least give the topic a description which can be called up by learners. If learners are interested

in more information about this peripheral topic, they can follow the link.

Rather than including detailed information in a node, we can simply reference it and create a
separate node for it. This shields learners from unnecessary details, but provide a path they

can follow when it seems relevant.

Shneiderman, Kreitzberg, and Berk (1991) stated that the organizing principle is to present just

enough information at each stage and provide details on demand. They provide the following

algorithm for the design of hypertext links.

Identify the domain of discourse so that a context is established. Meaningfulness is highly
dependent upon context. For example, the phrase "I want to press a suit" has a verv different

meaning depending upon whether we are talking to a lawyer or a tailor.

Identify pre-existing knowledge which learners need for complete understanding. Make such
knowledge available through links so that the learner can access it and process the remainder

of the information meaningfully.

Present the information in logical sequence so that the information that comes first provides

context for the information that follow.
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o Identify details that the learner can obtain to elaborate the information in the initial

presentation. When constructing a detail level, apply these same rules to it.

When designers have constructed all the information fragments, these fragments are put into a
knowledge base for future retrieval. In hypertext systems, there are three basic organizations for
storing and retrieving these informational fragments: unstructured, hierarchical, and network as

shown in Figure 5.1.

Unstructured Hierarchical Network

Figure 5.1 Three basic organizations of hypertext courseware

Unstructured knowledge bases store all information fragments randomly. Learners have to type a
key to start the link between screens. They give learners the maximum flexibility of association at
the price of being fully responsible for the success of their own learning. Electronic
encyclopedias and dictionaries are examples. Hierarchical knowledge bases store information
fragments in a fixed, tree-like sequence. Strict hierarchical systems allow learners to go only
one-step upward or downward in the navigation. They are menu-driven information systems. In
network knowledge bases, a node links to others based on the relationships between them. The
complexity of the network structure depends on how many interrelationships between nodes

exist.
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For hypertext systems used in computer industry and commerce, the most popular organizations
are network or unstructured formats. For traditional computer-based instruction, the content
organization is linear or hierarchical. Since complex structures easily cause the loss of learners in
hyperspace, a mix between hierarchical and network structure will be appropriate for most
subject contents. The complexity of content organization is based on the nature of subject

matter, learner characteristics, and learning objectives (Yang and Moore 1995).

5.3.2 Presentation Flow

Basically, learner control is a fundamental feature of hypertext courseware. Learners dynamically
decide where to go, what to see, when to stop, and how to organize information. However,
many learners are sidetracked to view unimportant information and are lost in navigation (Yang
and Moore 1995, Barker 1993, Littleford 1991, Gay and Maruz 1991). Therefore, to achieve
better results, certain presentation flows are proposed to limit the learner control of navigating in

the hyperspace.

The presentation flow of courseware can be viewed from two aspect. A broader view of the
presentation flow concerns the whole instructional process, while a narrower view concerns only

the presentational sequence of the specific content (Yang and Moore 1995).

Gagne and his associates have devised a series of instructional events to correspond to the needs
of learning process (Gagne, Briggs, and Wager 1992). According to this theory, no matter what

the subject matter and learning objectives are, the critical instructional elements remain the same.
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Table 5.1: Internal Learning Needs with External Instructional Events

Reception Gaining attention

Registration Informing learner of the objective

Selective perception Stimulating recall of prerequisite learning
Rehearsal Presenting the stimulus material

Semantic encoding Providing learning guidance

Retrieval Eliciting the performance

Response generation Providing feedback about performance correctness
Performance Assessing the performance

Control Enhancing retention and transfer

To enhance hypertext courseware, as many instructional elements as possible should be included

in its presentation flow.

A presentation flow proposed by Yang and Moore (1995) for a hypertext courseware is shown
in Figure 5.2. This presentation flow begins with the title page. The title page should be
artistically designed to arouse learner interest. The indication of course name in the title page will
also arouse the mind set for learning the course content. The next page presents learning
objectives. The objectives should clearly communicate the expected learning result of the

courseware. It 1s desirable to allow learners to access this page at any time they need.

After knowing what is expected, learners can select topics from the content menu. The tutorial
screens of each topic should present clear explanation, refer to previous experience, and provide
suitable guidance. After tutorial screens, each topic should have a practice section and provide
informational feedback. Tutorial material, practice, and feedback should be provided for each

topic.
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When learners feel they have finished the tutorials and practice opportunities, they then can take
a performance test. This test should evaluate their achievement and provide remediation. Once
the performance has reached the criteria indicated in the objectives, learners can proceed to a
summary and conclusion. In the end page. statistical information about the learning process and
suggestions for further studies are presented. It provides reflection and recommendation

concerning the learners' cognitive strategies and future transter.

Generally, the presentation flow is somewhat fixed for a self-sufficient instructional medium.
However, since hypertext courseware is highly interactive, the design of presentation flow

should allow flexibility in the sequence of tutorial, practice, and performance test.
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1. Gaining
Attention

2. Presenting
Objectives

3. Reminding
previous
experience

4. Presenting
mnformation

5. Guiding
learming
process

Figure 5.2 Presentation flow with instructional events
In this study this presentation flow will be adopted. In the following section we will see some

courseware development and hypertext development models to have a general view of the steps

and processes involved.

5.4 Development Models

A method suggested by Pistorius et al. (1992) consists of five phases.

Phase 1: Preparation and Planning

Lesson 1 Lesson 2 . Lesson n

|
|
! i
v v v

‘Phase 2. Predesign
Phase 3: Design
Phase 4: Programming and Formative evaluation
Phase 5: Summative Evaluation

Figure 5.3 Courseware design model



Each of the five phases is made of the following detailed activities.

Defining a course where CAI could be used
Identification of the target population

Drawing up a project plan

Appointment of a courseware development team
Setting up instructional and design strategies

Choosing authoring software

Figure 5.4 Phase 1: Preparation and Planning

Identify topics for CAI
Identify support material

Discuss ideas with design team

Figure 5.5 Phase 2: Predesign

Design on Paper
1 Revision
Cycle

Evaluation by team

Setup self-tests
2 o
l Revision
3 Cycl
Evaluation by team was
3 Tutorial matter

Figure 5.6 Phase 3: Design
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Program first draft
Revision
; Cycle
Evaluation by programmer
and designer
Evaluation by team
members :
Revision
p Cvycle
Correction & change
Formative evaluation
l Revision
: Cycle
Correction & change
Figure 5.7 Phase 4: Programmung and formative evaluation
Student Student
NETWORK
Student Student

Figure 5.8 Phase 5: Summative evaluation bv means of CMI

Another model advocated by Barker and Manji (1992) dictates that, a typical courseware
engineering exercise include: need analysis; requirement specification; instructional design,
prolotyping courseware, implementation; evaluation and testing; bulk production; distribution

and marketing.

Peter Chandra (Tagg and Lovis 1988, ) suggests the design team approach to the development

of computer based learning (CBL) courseware design. This model (Figure 5.9) depicts the
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different expertise provided by team members for the various design stages. The design team
approach relies heavily on the effective communication between different members of the team

including up-to-date paper work and documentation.

Anabysisof Feasibility Detailed Formative] | Devt of software Piloting Implementatios of
Educational - Study and Design Evaluation and notes and
and Training C}.mif:equ of | of‘ | including training [~ | validation [ [ Evaluation of
Needs topic (initial courseware Design documents
design) 1 l
Feed back Feed back
Expertise Required
v
Feed back
Educ. Analvst Educ. Analvst
Educ. Analyst Educ. Analvst Trainer Educ. Trainer Educ. Analyst
Trainer Trainer Researcher Analys Researcher Trainer Educ; Anatyn
Researcher Researcher Graphics designer RTmmer Graphics designer R';-ﬁez'xrchcr RTramer
esearcher rainees esearcher
Programmer Programmer Trai
4 4 Iy T
T Time Scale T
Stage 2
Feasibilitv Studv Stage | Stage 3

Figure 5.9 The team approach to CBL courseware design

Another more sophisticated model suggested by Ahmed-Oumer (1993) is the Computer
Assisted Courseware Engineering (CACE) for industrial application called AGEDI (Atelier de

GEnie DIdacticiel).

This Model takes advantage of advances in information technology. on computer based learning
and instruction. The main components of AGEDI are the Intelligent Computer Assisted (ICAI)
module (application Layer), the hypermedia system (presentation layer) and the interaction
supervisor (control) which chooses the best interaction mode in a learning session: free, guided

or mixed one.
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Leamer Hypermedia Database
evaluation tools

Consistency
checks tools

Specification
design help

tools Courseware
evaluation tools

Expent
System

Model

-

Interaction
SUPETVISOr

On-inehelp | I()\'crnjl management i

Expent Elicitor Pedagogue Author Leamer Teacher

Figure 5.10 Overall archrzcture of the computer-assisted engineering AGEDI ( Ahmed-Oumer 1993).

Another model in the field is the Instructional System Design (ISD). The general term that refers
to the systematic approach to the design and development of instructional materials regardless of
the medium is Instructional Systems Design (ONeil 1981 and Rosenberg, 1982). It provides a
procedure for svstematically identifying and manipulating significant components which make up

the instructional process, the goals of which are increased learning and improved performance .

Although there are many variations on ISD methodology, most are based on five phase model,

1.e., analvsis. design. development. implementation. and evaluation as indicated in the figure 5.11.
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Design
/ * ‘\. Development
Analysis /
/_j Implementation

Evaluation

Figure 5.11 Major phases of ISD

The details of the input to and the output from each phase in the ISD model is given in figures

5.12 through 5.15. The evaluation measures are also indicated.

INPUT OUTPUT
Student | Course Content
Needs [ ey I. Target Population
| ANALYSIS

? |- Design Team

|- Authoring Software

|

Course 1
Neads EVALUATION O —

Are all data accurate
and complete and
correctly mterpreted
Is the course content
complete

Figure 5,12 Analysis phase

INPUT OUTPUT

Test Specification

‘I/[/l\

Modular Courseware
Course DESIGN Breakdown |—p Instructional Specification
Content of the content [Obsective
Screen Specification
EVALUATION

Branching Rules

. Are the objectives clear. measurable and
accurate
Do the tests follow the objectives
Is the coursware selected appropnate tor the
desired leamuing outcome

Response Analysis

Figure 5.13 Design phase
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INPUT OUTPUT

Test Spectfication

i

EVALUATION
~ Are the test valid and reliable
. Are the lesson screens properly dergned
. Are the programs free from errors
. Is there proper documentation

Courseware DEVELOPMENT
Specification Screen flow
IScreen Specification e

Branching Rules

Figure 5.14 Development phase

INPUT OUTPUT
CouEae IMPLEMENTATION o

Facilities /

EVALUATION

. Are all users properly trained mn using the
whole svstem

. Is the designed courseware able to meet the
objective

. Is the courseware effective

. Does the courseware needs modification

Figure 5.15 Implementation phase

Some of the weakness as reported in the literature about the different models discussed above

include:

1. The approach suggested by Peter Chandra is reported to has been hampered by the
lack of authors who have the technical appreciation of how their ideas and teaching

strategies can be implemented on a computer (Tagg and Lovis 1988).
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2. AGEDI practicality is reported to have been limited due to the unavailability of the
sophisticated technological facilities/resources required by the model in many of

courseware development projects (Ahmed-Oumer 1993)

The ISD approach is criticized for specifying only what is to be done and not how to

(V8]

do it (O'Neil 1981).

Since the intended courseware is a hypertext based we shall see a model for developing
hypertext applications. A basic hypertext development model given by Barker (1993) is shown in

figure 5.16.

Content and structure Specification

j Scripting B

| Text Production |

y
Untegm[ion Interlinking and S_mchronization1

[ Evaluation and Testing l

[ Mastering |

l Replication l

| Distribution ]

Figure 5.16 Basic hypertext development model.
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One fairly obvious limitation of this model is its linear nature. While many well-defined
hypertext projects are likely to follow a linear development strategy, many others will not.
Indeed, many more complex development projects will often involve the creation of a
'prototype’ system (Barker 1993). Inherent in this approach will be the use of iteration and

back-tracking in order to identifv the most beneficial way to proceed.

Despite its obvious limitations, Figure 5.16 serves the useful purpose of indicating two
important aspects of a hypertext development project: first, the nature of the basic
| processes involved and second, the rough order in which these different processes should be
performed. Many of the basic processes listed in the figure, such as content and structure
specification, scripting and so on, will be similar to those involved in the production of
interactive training materials for delivery by computer (Bergman and Moore 1990, Dean

and Whitlock 1992, and Harrison 1991).

The above approaches deal with problems in a sequential and linear fashion which real life
software projects rarely follow. Another problem of these approaches is that the software
designer is actually introduced to the product only after the implementation so that change
request are likely to build up from that point. It is possible that a significant gap exists between

the designer’s expectation and the product capabilities (Aktas 1987).

5.4.1 Using prototypes

Because hypertext systems can be far more complex than conventional interactive systems,

the linear development model described earlier and shown in Figure 5.16 is frequently an
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inappropriate one to use. Instead, a cyclic, iterative development approach is often a more
suitable one to adopt. Inherent in the use of this approach is the creation of a development

'prototype' (Barker 1993, Wong 1993).

Essentially, a prototype system is one which is constructed in order to explore and
investigate the look and feel' of a product without having to undertake a complete system
implementation. A prototype is therefore a partial implementation of a product which can be
used to evaluate and test the basic system design and the appearance of a product before it
is finally implemented. Prototyping provides valuable feedback information about the
underlying design of a system and, if necessary, this information can be used to modify the

design prior to completing the final implementation (Barker 1993).

Prototyping is a process that enables the developer to create a mode! of the software to be built.
To prototype is to develop an executable version of a product which incorporates key elements
of the final version but which is incomplete in many respects, for example, in terms of
functionality, robustness, or exception handling (Wong 1993). With a prototype, software
designers and developers can actually see what is possible and how their requirements translate
into hardware and software. Quick prototyping is the process of quickly building and evaluating
a series of prototypes and requires the availability of tools that offer modularity and plasticity. It

allows one to create and test input designs, terminal dialogues, and simple procedures.

Typically, a design team that is developing a hypertext product would use a prototype
system in order to test out their screen layouts, color combinations, button designs, link
strategies, interaction methodologies and various other design parameters on just a part of

the system. Then, if there are any obvious changes that need to be made these can be
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undertaken before the final stages of implementation get underway. The use of a prototype

can therefore be used to circumvent mistakes that may otherwise be costly to correct.

PHASE

Requirement Analysis o
Definition

[ Quick Design
(

I Development

Build Prototype

Evaluate and Refine
Requirements

[ Produce Software J

Maintenance

Figure 5.17 Prototvping

Like all approaches to software development, quick prototyping consists of three generic phases:
definition, development, and maintenance (Wong 1993). The definition phase focuses on what.
That is during the definition, attempts are made to identifv what information is to be processed,
what function and performance are desired. what interfaces are to be established, what design
constraints exist, and what evaluation criteria are required to define a successful system. Thus,

the key requirements of the system and the software are identified.

The development phase focuses on how. The development phase of the prototyping approach
involves a quick design. The quick design focuses on a representation of those aspects of the

software requirements outlined. Quick design leads to construction of a prototype.

The maintenance phase focuses on change that is associated with error correction,
adaptation required as the software’ environment evolves, and modification due to

enhancements brought about by changing requirements. The maintenance phase
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reapplies the steps of the definition and development phases, but in the context of
existing software. Thus, the prototype is evaluated and used to refine requirements for
the software to be developed. A process of iteration occurs as the prototype is tuned to

satisfy the requirements until a software which meets the objectives has evolved.

In this study the model suggested by Yang and Moore (1995) is used for the presentation flow
and content organization. For the development of the prototype software the quick prototyping

paradigm is used.
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CHAPTER SIX

PROTOTYPE DEVELOPMENT AND IMPLEMENTATION

This chapter describes the stages of development of the prototype courseware. It may be
noted that the courseware has been developed by using the quick prototyping development

approach. Measures to be taken for implementation of the courseware are also discussed.

6.1 The Definition Phase: Requirement Analysis

In this phase of software development the attempt is made to identify the information to be
processed, the interfaces needed. the functions and performances desired, and the validation

criteria required. This helps to identify the key requirements of the system and the software.

Hence, in reference to the current study, the course content for the courseware; the student
requirement, to identify the entry level for the courseware which helps us to decide on the
type of interface; the type of programming language used which can support the desired
functions and performances of the courseware; and the team involved in the development to

validate the content and the program are the matters of concern which had to be identified.

Since the course "Introduction to computers" is the first out of the various courses on the
subject offered by NCIC, the trainees are not expected to have any prior knowledge of

computer systems.
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"Introduction to Computers", the course content for the courseware, is being offered at
NCIC. The Amaharic version of the course is adopted from the book by Ato Negusu Atnafu
(1993), who was a staff member at NCIC and now is a manager of CAROS Computer
Service, with his consent. The content of the book and the consistency of the terminologies
used in the book with those used at NCIC Amaharic software projects is checked by the
Amaharic software development team of NCIC, which includes the researcher. Some topics
in the course "Introduction to Computers" are not covered in the book. These topics were
translated by the researcher and Ato Getachew Mengistu, an expert at NCIC, and added to

the courseware.

The course is divided in to five main topics and sixteen modules. The detailed breakdown of

the topics is given in Chapter Two.

Courseware development is usually a team work which requires the expertise of different
personnel. Some of the basic expertise needed are subject expert, instructional systems

expert and programming expert.

For the purpose of this study and in due consideration of the constraints within which the
study operates, a role playing team was formed. In addition to utilizing the researcher's
teaching experience of the course and familiarity with programming, senior computer
experts at NCIC were consulted in revising and modifying the lessons, and in programming
the courseware. In addition, advisors of this thesis were involved 'instructional systems

experts' in shaping the flow of the courseware.
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The courseware, being hypertext based, required authoring languages capable of handling
hypertexts. One of such software tools is KnowledgePro for windows which is available at
SISA. In addition to being the only software available, KnowledgePro for windows is found
to be particularly advantageous for the current work. Some of these advantages include its
capability to be used from either a procedural or an object oriented approach. This is found
important since the researcher is mainly familiar with procedural languages. Knowledge Pro
comes with sample applications and sections of codes which illustrate how to perform
certain common tasks. It also enables to paste the syntax of all of its functions to the
application being developed. This greatly saved the development time needed for the
courseware. It is capable of handling fonts supported by Windows which solved the

problem of the incorporating of the Amaharic scripts.

However, the KnowledgePro editor doesn't allow to type fonts directly. This made 1t
difficult to directly format text which doesn't use the system font. KnowledgePro provides a
solution to this problem. The solution is to format the text with Microsoft Windows' Write

and then convert the file into an ASCII file that can be read into the KnowledgePro editor.

Still when the text is displayed in the KnowledgePro editor it is displayed in the system font.
However, when the application is run and the font is set to the font used in Write, the text is

properly displayed.
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6.2 The Developm'ent Phase

6.2.1 Quick Design

The intended hypertext-based courseware delivery platform is Microsoft Windows
environment which is inherently capable of handling interaction by almost any brand of
mouse. Therefore, the courseware can be accessed by the learners using a mouse. The
decision to access the courseware with a mouse is also influenced by the nature of the
Amaharic environment. The Amaharic environment is relatively n_ew and there are different
keyboard layouts (the keyboard layouts are not standardized). Furthermore, there are many

shifting keys to be pressed which makes a keyboard interaction by novice users somewhat

awkward.

As indicated in the analysis, most students are first time computer users. However, to make
the courseware more interactive, to make revision of previously studied topics more
comvenient for second and third time users, and to make the courseware useful for anyone
who needs to refresh his knowledge, the product was aimed at both novice and expert

Uusers.

The Amaharic language used in each node was made to be the one used in the student's day-

to-day communication. Technical terms and abbreviations are explained in the same screen.

Since nodes can be accessed dynamically from different nodes, each node was made self-
explanatory and independent. But to maintain the relationships of nodes, a link to a related

information was given at the end of each of the related nodes.
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Spelling and punctuation marks are important to communicate the content information
clearly. Since there are no spelling checking facilities for Amaharic text, the spelling errors
were avoided manually by going through the content repeatedly. Layout features such as
margins, line spacing, blank lines for paragraph separators were used to maintain learner's

attention.

Red colour was used to alert learners to do something more before branching into another

lesson and to warn them that they should repeat a module because of failure in exercises.

The operating directions were designed in such a way that they give clear and specific
instruction. They were given in Amaharic words or phrases to avoid ambiguity from the use
of icons by novice users. The directions to go to the index, backward one screen at a time,
to do exercises and performance test, and to access on demand help, were always located at

the top of the screen on all windows.

The text colour for the lesson was designed to be black text on white background. The
reactive or hypertext words or phrases were underlined. This enabled the text to be
displayed in a wide variety of displav screens. In view of colour monitors, alerting
messages and hypertexts were given in red and green colors respectively. Furthermore, they
were also given additional styles of italics and underline by considering monochrome

screens.

Another important design consideration in a hypertext courseware is the link design. As
described in the previous chapter, it addresses the interrelationships on the subject matter

and the interrelationships on the aspect of the instructional process.
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The instructional outcomes as categorized by Gagne (1977) are presented below:

1. Information

2. Intellectual capability
2.1 Discrimination
2.2 Concrete concept
2.3 Defined concept
2.4 Rules

2.5 Problem solving

(V')

. Cognitive strategy

I

. Motor skill

un

 Attitude

On the basis of these outcomes, one could have the following performance levels.

Recall a name

Explain how to do a task

Define a concept

Solve a theoretical or practical problem
Identify things

Perform simple physical acts

Perform skilled physical acts

Determine quality of a product or evaluate performance.
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The subject introduction to computers is broken-down into five main topics. Each topic is
further broken down into modules. Each module is broken down, according to the expected
learning outcomes, to present a concept, information, and simple rule. Examples, rules,

practical exercise, etc. were made separate nodes and were linked to main concepts.

Enhancements and prerequisite information for a given topic were also linked to a topic.
Different synonyms were linked in such a way that direct learners to the main term.
Incorrect answer feedback was linked to the appropriate topic to show students the correct

answer.

Each screen of information or node was designed to present just enough information and

details are linked to be accessed on demand.

As indicated before in this section the courseware is intended for both novice and expert
users. For the novice users the courseware was presented in a guided manner starting from
the first module to the last. But not to loose the spirit of hypertext, related topics within the
same module were linked and thus can be accessed from any of the topics; links were made
for elaboration and examples within the same topic. If novice users are not guided through
the tutorial, they may interrupt the courseware before the intended learning objective is met

or they may repeat the same path unnecessarily.

On the other hand, expert or experienced users can access any part of the courseware
through the index. They can also see the content to identify what topic is available in which

module.
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The branching rules used for the courseware are, therefore, mastery and user control. In the
mastery model pre- and post-tests were used to determine if the student achieved the
desired mastery level. If the student hasn't achieved the desired mastery level remedial
instructions and/or additional practice is given until mastery is achieved. In the user control

model students are responsible for choosing their own sequence of learning.

Taking the nature of the majority of the learners into consideration, the presentation flow of
the courseware was designed such that it follows the flow suggested by Yang and Moore
(1995) and presented in the previous chapter. This presentation flow was designed to

include all the nine instructional events.

Additional design consideration include, objective determination. Objective determination
enables to know where one is going and at the same time to recognize the place when one
gets there. It also enables to measure whether a learner reaches the desired level of
performance or not. The objectives for each module should be given at the beginning clearly
and in measurable way based on the expected learning outcomes. The Amaharic equivalent
of terms describing performance such as locate, select, describe, etc., are used to specify the
objectives. These terms are useful in facilitating specification of criterion in the form of a

test for measuring the achievement of the objectives.

At the end of each topic students are made to work on exercises to decide whether they are
capable of going to the next topic or not. The exercises were designed by considering the
characteristics of the students. They were made to be selected by a mouse to reduce the
need for keyboard entry. Responses as typing long sentences usually delay the learner's

progress and may not be mostly convenient for novice users.
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6.2.2 Prototype Development

The structure of this courseware is illustrated in figure 6.1.

Index

Credits

guldlE

Objectives
Help
— [
Exercises | Test J r End J—
— )L
s »
[ i I I ]
Introduction About Computer Computer Computer
Computers Hardware Software Communication

I 1
s
I_\m M1 ﬁilﬂ | Test Inst. | ,L‘serRecordl

Figure: 6.1 The structure of the courseware

Figure 6.2 shows the development flowchart of the courseware which reveals the control. It
is derived from figure 6.1 and follows the intended guidance for novice users. Expert users
are provided with an index table which contains a list of hypertexts. The hypertexts in the

index are links to key concepts in the courseware.

The screen flow of the courseware is given in figure 6.3. In this section, only the links
between screens beginning from the title screen up to the end of the first lesson are given

for demonstration purpose.
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Title Screen

)

Objectives Screen —J

Introduc Comp.
101 P W,

Lesson Lesson Lesson Lesson Lesson
Intreduction | |About Comp| | Comp. HW Comp. SW | |Comp. Com.
I I I I I
Exercises on| |Exercises on| |Exercises on| [Exerciseson| |Exercises on
[ntroduction | |About Comp| | Comp. HW Comp. SW | [Comp. Com.
L 1 [ S

Yes

Revise
\Mistakes

No
Test
Yes
Test Feedback &
Recommendation
Yes Revise some
topics or the
whole course

End

Figure 6.2 Development flowchart of the coursware
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Detail explanation of the screen flows is presented below.

Screen TITLE
Function:

Linked to:

Screen TG+ 947
Function:

Linked to:

Screen %@ ¢¥,
Function:

Linked to:

Screen ov7](Lf
Function:

Linked to:

Displays the courseware introduction

Screen fhCH 9497

Displays objectives of the courseware

Screen “@-¢8},

Displays the courseware content
Screen 0971 ¢

Screen NA PPPTEHCF

Screen NMPTATC ULSBL

Screen NMPTETL (6+BL

Screen NPTEHL hov- L7
Screen SLONT “a-#%)

Displays the objectives of the topic @0°IL§
Screen 9%LAT MIPLLT overview
Screen OPLAT POPGET avooRPF overview

Screen OOLAT P90 ARAE o071 overview
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Screen 99AT MIPGET overview
Function: Displays overview of the basic concept 9°LAT T1P4LF
Linked to:  Screen 0°4AT “194 2+ elaboration

Screen OCAT P95 2+ avaolTPF overview

Screen 0LA7T M99+ elaboration
Function: Displays elaboration on the concept 0°¢AT “IPqE+

Linked to: Screen O0LAT P9195 5t a0aolTPF overview

Screen OOLHT PPGET AODHEPF overview
Function:  Displays an overview of the concept 9(AT fT4§E+ aoal5@s
Linked to:  Screen MIRAGH
Sereen @¥FEIT
Screen GE LT

Screen OPLAT T99P57 APAE a0V F overview

Screen TAAAT T
Function: Displays one of the three components of the concept 0P4LAT §T1PTEY

aoavffF P

Linked to:  Screen @®FEIT
Screen &£
Screen 00CAT §U1P47 ARAF a0 T IR overview
Screen @PFLIT

Function: Displays one of the three components of the concept @LAT FH1P4ET

aoovf[F Py
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Screen THRATT

Screen &£ 71t

Screen OVLAT PO1PGA APAE 007IPF overview

Screen &£ 71T
Function: Displays one of the three components of the concept 0°LAT P7IP4E+
avovffF P
Screen TAAAGYT
Screen @PF Pt

Screen OOLAT 199997 A\RAR a0 T18F overview

Screen O0LAT T71947 APAF aVV15F overview
Function: Displays overview of the concept 9°LAT fT197A APAEF 007 1A%
Linked to:  Screen 0P(AT T71P9A ARAF 0071AF elaboration
Screen (N@- o0LAT TPaE+
Screen M FC “ANLAR. 007IE oOLAT TPGET
Screen NALHCLNE o078 a0 AT PHEF

Screen P4\ OVAP:

Screen OPLAT TUIPTA ARAE 00T1AF elaboration
Function: Displays elaboration of the concept TP4LAT f7 1957 ARAR 00715
Linked to:  Screen @ a{AT TI¢4EF
Screen IfiTC TUNLNE 007 1% 00LAT T1992+
Screen IALNTC LR 07 o0LAT MPhET

Screen OVA\OVAP T



-108-

Screen MNa@» ool AT M$GE+

Function:

Linked to:

Displays one of the three components of the concept 9P4A7 {51447

A\PAE 00T IRF
Screen MuLTC “ANLNT 0078 00LAT PTET

Screen L TC LT 01 a0l AT F1PGEF

Screen GVN\IVAP T

Screen MLATC TRNLNP 00778 ool T M52 T

Function:

Linked to:

Displays one of the three components of the concept 0PLAT P¥1P5A

AFAF o078
Screen (@ oo(AT 91992+

Screen MALRTC LI 00718 a0l AT TP4 P+

Screen OVN\IVAPF

Screen (WL HE LT 00718 o0 R P52 T

Function:

Linked to:

Screen PA\IVAPF
Function:

Linked to:

Screen 00094 f

Displays one of the three components of the concept °LAT T91P5A

AFAE a0
Screen N@- ao(A7T 952+

Screen MALITE “LNLNP o0 a0LRT FIPTET

Screen GPA\@VAPF

Displays the list of topics to select from for doing exercises on.

Screen 000%4 ¢
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Function: Displays instruction for doing the exercises.
Linked to:  Screen (16v7](L.f dvA\d07
Screen N\ hPTEEC ovA\0VA
Screen MNP TH#HC UCEBL avg\ovf
Screen MNP THHC 06 +BL 0A\IVA
Screen (INPTHFL hov-Lh{} ov4\ovA

Screen (1007 004\ 0VA
Function: Displays exercises on the first lesson
Linked to:  Screen %0647 &£ 00

Screen MLTLPTAD POL& LA

Screen fP0G47 BETov-

Function: Displays Information to repeat this lesson

Linked to: Screen “m-¥},

Screen ML P TAD POL& LAS

Function: Displays Information to proceed to the next lesson
Linked to:  Screen TMLT¥

Screen f Tt Fm- T PP

Screen “MLTF

Function: Displays congratulatory complements

Linked to: Screen 7 m-6b},

Screen fTALTF@ TV EEPY
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Function: Displays list of mistakes which are linked to the appropriate topic.

Linked to: The appropriate topics

The prototype courseware was developed after a repetitive iteration which resulted in
modifying of specification and coding. For example, the specification to format the
Amaharic text using Microsoft Windows' Write was modified and Word 6.0 was used to
format the text. It was found that the keyboard program of the Amaharic software Agafari
for Windows, used in this study, could not function in Windows' Write, although it is
functional on many windows based application programs such as Word 6.0, WordPerfect

6.1, Excel 5.0, Access 2.0, etc.

One alternative tried was to use a wordprocessor capable of saving files in a wide variety of
text formats. Word 6.0 was found capable of handling both the Amaharic typing and the
exporting of text into different text formats. Saving the Amaharic text in the format Text

with Layout was found successful.

Although the Amaharic text is not readable in the KnowledgePro editor, some codes has

been written in Amaharic with explanation given in English as a remark.

The courseware starts with a Title screen, which is artistically designed to create learner
interest, by displaying pictures of a computer training situation, a disk, a printer, other

related items, and the course name as in figure 6.4.
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Figure 6.4 Title Screen

The Title page is followed by the Objectives screen which is designed to clearly
communicate the expected results of this courseware (see figure 6.3). A button is dedicated
to this screen to make it accessible from any window at any time. The objectives button is

the first button in each screen.

et 917

Y% pCh nMSeeFUF 0347 P7LhtA+7 “Thit BMNPTF3AT
1. A o0l AT TG aOALFDNGATF AT APPT ATLTL NN
.Fll?hc‘?n"qj'ﬂ?'f‘ﬁ ool @A AR PAMFG $AT T

3. MPPTECF ALACT POLFATTT £O18%0+7 ALF avlht
4. SPPTEECT AR AF REF (HCRBLT 6+20) e

5. A a0l Al oL T T HAMY e

[§S]

oL "o-FLo- L5

Figure 6.5 Objectives Screen

After letting the learners known what is expected, they are made to select topics from the
contents screen. The contents screen provides the main topics of the course and the Index

as shown in figure 6.6.
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Figure 6.6 Contents Screen
When a topic is selected, the objectives screen for that topic with the main module names

made hypertexts is displayed (see figure 6.7).

BYT POC& WMEePFU (90T
fou iKY NECEFT P EET
a7 PO1PGE+ vavfiiPETs

aOL AT POIPGR AF AF OYIRFT
Mo LMIPTFIAN:

Figure 6.7 Main Topic Objectives Screen

From the main topic's objectives screen the students can start the learning process. In each
module a basic concept is introduced. Elaboration and examples are made accessible. The
tutorial screen presents clear explanation. They also provide suitable guidance by making
links to related items. by alerting them to see related items before proceeding to a new
topic, by providing a way to retrace their paths to refer to a previous topic. Figures 6.8, and

6.9 shows screens for overviews and elaborations.



oK CUGH avavirPy.

LA RIRT Ne AT HAET  AdedMMC
POLENFA ARIPT Ot ovaolffPEY o1o9At AANM:
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(&EL 1) §F -

Figure 6.8 Module Overview Screen

T

+hhAR

oL T1¢GEF NCAF (ULM@- avlA +hRA
ofh  Adir: oolR@ (1MPEEF HAY
;‘(’\?ﬁin@ﬂ'}' ASTRYE RLAT TRRAT oolf

(HHHo9E @PF AT CELNTT ook

JFP AVLET POIPTR avavffT P it vk (131
aVLRT PIIPTE AF AR aVFTRFT LavA

Figure 6.9 Module Elaboration with links to related items Screen

After the tutorial on each topic, the students are made to do practical exercises. Each
exercise has a feedback on successful and unsuccessful answers. If a student scores below a
certain level s/he i1s made to repeat the topic. Wrong answers are linked to the appropriate
modules. Students securing a passing mark are made to revise some topics which they don't
answer through the links of the wrong answers. See figures 6.10, 6.11, 6.12, 6.13, and 6.14

for the demonstration of thess screens.
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NA0NTC “TNLAT. 00YIE aOLRT 952+

aolk MGy RANTC oohLh® Y ooVIE ARS@)
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MHoE (@ oolRT S149EA 10T RARTCLYE oY%
aol AT PPTERT B0

3FD LR PORPR AR AR a0 8T tovdfrf (131
fovgavg far Phas M HITTEE 0\ PEPFT big:

Figure 6.10. A last screen on a topic with a link to exercises.
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Figure 6.11 Exercise Screen
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7088 @7 M7 F
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Figure 6.12 Information screen to repeat a topic (It is Animated and in Red color)

04S¢ @Mt NATF
@LT PTND PhLE BAS

Figure 6.13 Information screen to proceed to the next lesson (It 15 Animated)

nooeMAP Mt 17 Y7Lt +7 Bhévk
fovlAT IMaet Pt
fovl AT “IMa$6S avoola P

PTHLHGYT N9 G BPLTFa-G BPFAT BoRL
hLY P @L4127LA@- T 20& Moo M ML-FT LovanE

Figure 6.14 Information on incorrect answers with a link to the appropriate topics.
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When learners finish the whole tutorial they are made to take a test. The test presents the
test instruction screen first. They describe the rules of the test. Then a test sheet similar to
the exercises screen is displayed. The test covers the whole tutorial topics and it is taken
from a bank of examinations at NCIC. Learners can jump from question to question freely.
They can also make any correction on their answers. Once satisfied with their answers, they

can select the button to see how much they scored. Like the exercise the test also

evaluates their achievement based on the criteria indicated in the courseware objectives.
Depending on their performance, they will be given a summary and concluding remarks
including suggestions for future studies. The remark could be to repeat the course, to revise

some topics or to end the courseware.

Help on how to use the courseware and explanations of each of the buttons is available by

selecting the £¢%%) button at any time. The information is also presented after the title

screen for first time users. It can be made not to appear by selecting a check box.

Learners can leave the courseware at any time from anv screen by clicking on the

button.

6.3 Implementation

The courseware 1s developed using KnowledgePro for Windows (Version 2.51) and runs in
Microsoft Windows operating environment. It was developed on a 486 processor and 4 Mb
of memory. It was not tested on other lower capacity computers capable of running
Windows due to their unavailability. Therefore, the minimum svstem resouce required could

not be identified.
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The current work shows the possibility of developing a hypertext based courseware in
Amaharic by way of demonstrating the design and development of such a system. After
incorporating the lessons and execises for the remaining topics, the system can be fully

implemented.

Currently SISA doesn't have KPWIN Gold or Borland C™ to make a distribution disk
which doesn't want the KnowledgePro environment. Measures should be taken to aquire
either of them. Therefore, this demonstartion courseware needs the KnowledgePro

environment to run in the background.

The courseware consists of one main program and three resource files for the lessons,
exercises, and the test. These files can be installed in a user selected directory. A group
window with the title Hypertext-Based Amaharic Courseware is created and an icon named

IntroAm (Introduction in Amaharic) is added to the group window.

To install the courseware run the set up program using either of the following steps.

1. From the DOS prompt type Win A:\setup
or from the Windows program manager open the File menu and select Run.
type A:\setup and select OK.

2 Answer the questions provided by the installation program by typing or selecting

buttons.

Once the installation program is completed the courseware can be started by double-

clicking its icon.
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CHAPTER SEVEN

CONCLUSION AND RECOMMENDATIONS

7.1 Conclusion

The prototype could not be tested due to lack of time. Subject to further testing of the

prototype the fbl]owing conclusion is made.

1. Currently in Ethiopia, computer utilization is felt in every economic sector. Business and
government organizations are specifying computer skill as a prerequisite for employment.
The need for training and retraining of staff in the field of computers is also strongly felt

by many organizations.

The study has identified that there is a need for training on the basics of computers and
that computer training institutions are mushrooming to respond to this need in Addis

Ababa and in some of the major cities of the country.

2. It was also identified that except for those involved in the profession. the training result in

the rest of the students is not satisfactory.

3. The research indicated that there is a shortage of properly trained instructors in the field.
The emphasis given by training institutions is on the subject matter knowledge of

instructors. The study also indicated that introducing Computer-Aided-Instruction into
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the currently available computer training in the country could alleviate the problem.
Besides, courseware can also be used by trainees to brush up their knowledge and to

make what they acquire in training institutions sustainable.

. The study has also shown the advantages of learning in one's own language. When

learning is provided in one's own language the learning begins from what is already
known. Among the languages in Ethiopia, Amaharic is identified to be the federal
working language, medium of instruction in most schools, medium of communication in
business, and having its own scripts. The development of the courseware in Amaharic is

therefore advantageous.

Among the courses offered in computer training institutions, the course 'Introduction to
computers' is found to be based entirely on lectures and manuals. The study has also
indicated that this has a negative effect on students who come with the expectation of
some interaction with computers. Due to this and other reasons it was found to be more

suitable to introduce a courseware into the course ‘Introduction to computers'.

The characters of the Amaharic language: letters, numbers, and punctuation marks, are
altogether around 290. On the other hand, the Latin characters: letters, numbers, and
punctuation marks, are not more than hundred. This fact has made almost all
programming environments to have only one font, called the system font, to write
programs inside their editors. Therefore, the available programming environments are not

favourable for editing Amaharic programs.
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In this study the screen interfaces are quickly developed and checked by running the
program. When there were typing mistakes they were corrected. The quick prototyping

approach has helped to test out the screen interfaces repeatedly.

The experience shows that, even though the strings of letters displayed in the program
editor are meaningless, Amaharic applications can be developed using any application
development environment as far as the typing of the Amaharic letters inside the editor is

possible and the Amaharic fonts are accessed later at run time.

7. Reviews of literature in the area of courseware has indicated that any courseware should
include four instructional phases: presenting information, guiding learning, practising,

and assessing achievement.

It was also indicated that in a hypertext environment learners might have too much
control, they might be lost in navigation, or might miss important information from the

open nature of hypertext where no specific objectives or learning paths are specified.

Therefore, to reconcile the above two approaches were used. One approach is to guide
novice learners through a fixed learning path by incorporating the nine events of
instruction to make the courseware a complete instructional medium. The other approach
is to give full responsibility for the learners for the success or failure of their learning by

exploring the full feature of hypertext.

8. The review of courseware development models has helped to identify the necessary

processes to be included in developing a courseware. Likewise the hypertext



development models reviewed have served the same purpose, This prototype courseware
is developed by merging the processes from courseware development and hypertext

development.

9. The courseware is developed to present information. guide the learning process, provide
exercises for practising, and to assess the achievement of students. The exercise sessions
in each lesson make sure whether a student is capable of going to the next lesson or not.
If a student scores below a certain level he/she is made to go back and repeat the lesson.
In addition, even if a passing score is found by a student the courseware will recommend
the revision of some topics which are not correctly answered in the exercises. This will

contribute for the complete understanding of a lesson by students.

The hypertext links between related materials enables students to see the relationship of

the materials more clearly. This facilitates the retention of lessons by students.

10. From the experience gained in this study, it can be suggested that other courseware can
be developed in Amaharic for other courses. In addition. Amaharic software packages
developed so far do not have on-line help facilities. This problem can also be addressed

by the current work.

7.2 Recommendations

7.2.1 For maturing the courseware

To mature the prototype to a full fledged courseware the following measures should have to

be taken.



The main program is designed to access the lessons, exercises, and tests from external files.
The hypertext links are marked in these external files. To incorporate the remaining lessons
and exercises what remains is, therefore, to work on linking the information in a friendly
environment which can handle the Amaharic scripts. That is, the editing of the complicated

and somewhat confusing Amaharic interface in the program editor is taken care of

In a related matter, if new technologies in computer field are introduced, appropriate topics

can be added, chunked and linked in the word processing environment.

A user manual for the courseware should be prepared.

Software testing is a critical element of software quality assurance and represents the
ultimate review of specification, design and coding. In this regard test cases should be

designed and the test results should be compared with expected results.

The courseware needs to be tested in two phases:

1. The first test is to check, with subject experts and students, whether the network created
by buttons and links is really helpful, to find ways for further improvement of the

courseware, and so on.

The course 'Introduction to computers' is given for at least two groups at any time at
NCIC. This condition is favourable to perform the above mentioned test. The courseware

can be installed for one group and the other group can proceed in the customary fashion.
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At the end of the course the results can be compared and used to justify the usefulness,
to find out places where improvement is necessary, or to disprove the findings of the

study.

2. The second test is to check the performance of the courseware in real life testing
environment among both novice and expert users. This test can be done by installing the
courseware for two different groups. One copy can be installed for new students and the
other copy can be installed for secretaries, and other computer users at NCIC which are

not involved in teaching courses.

This test can also be used to set the average pass mark after evaluating the performance

of different batches of students.

7.2.2 For further study

The current work deals with text only hypertexts. If a multimedia system and tools for
authoring the different media elements is made available at SISA, this work can be extended

to explore the advantage of hypermedia in education in Ethiopia.

Courses in computer literacy at all levels introduce students to the rudiments of
programming and acquaint them with the purposes and functions of common computer
applications, such as wordprocessing and spreadsheet programs. It is believed that
beginners with computers may be overwhelmed by the initial complexity which a typical

commercial software product presents (Leigh and Paz 1992). Instruction may proceed more
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effectively if a suitably simplified training vehicle can be used to provide a conceptual model
and an introduction to operational fundamentals before the use of the actual commercial
software is attempted. Thus. the current work may be used as a stepping stone to develop
such training products in Amaharic so that the intended objectives of national capacity
building of some national institutions such as Ethiopian Science and Technology

Commission will be met.
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APPENDIX

Program source code with sample lessons, exercises and tests

The program source code (HYPERI1.KB) is given bellow.

(* A hypertext Based Computer Aided Instruction System in Amaharic

This system consists of one data and two source files for the lessons,
exercises and a test. The source files are included in this main program.

Developed by: GIRMA DESSALEGN
MAY 1996
AAU/SISA
ADDIS ABABA

i

#include exers.ckb
#include tests.ckb

title ().

(* MAIN *)
setup ().

file is 'f:\home\girma\hyper\lessons.dat'.

getfile ().

show_ window (7wl).
hlp_info is read_char ('f\home\girma‘hyper‘help.inf').
close ('f:\home'\girma‘\hyper‘help.inf').
if ?hlp_info =f
then help ().
objectives ().

topic getfile.
set_focus (7w1).
if ?file is []
then exit ().
message is read (?file,'//",'//").
close (?file).
set_title (?wmain, Hypertext-Based Courseware in Amahanc’).
top is string_replace (first (?message),'//").
list is [].
mark (?top).
end.



¥ —========= Topics for the Buttons ======= *)

topic objectives.
set_focus (?wl).

mark ('ThCF 9197,

end. (*objectives*)

topic Content.

set_focus (?wl).

if last (?list) < %top then mark (?top).
end.

topic Back.
set_focus (?wl).
if list_length (?list) = 1
then mark (?top)
else
list is sublist (7list, 1, list_length (?list) - 1) and
item is last (?list) and
list is sublist (?list, 1, list_length (?list) - 1) and
(if 7item 1s help
then help ()
else mark (%item)).
end. (* Back *)

topic Exercise (section).
if get_text (?b4) <> '0V4\dV!
then set_text (?b4,'0VA\0PA") and
hide_window (?wq) and
show_window (?w1) and
getfile ()
else set_text (?b4,“*PUCH") and
hide_window (?w1) and
show_window (?wq) and
instruction () and
Questions (?section) and
result ().
set_text (?b4,'0PH\IDH.
content ().
end. (* exercise selector *)

(* INSTRUCTIONS == *)

topic instruction.

text (He ATLPLAAP T £RPF TN, Y- {\@- £a0R4+T POL6)
Nk @ Rl @07 1741 9984 BPLMY:::

OANET ACTM T havl Tk 134 8L 999.0@-7 €A (JovgoL T
@b+ P77 Lav



LILP POLADT RAG NaOPLTP (4t 9@ 1P avAN A+
B30z AT ARNT G0ANPT BIPLMMhex: Y71, @ G0L B, P
TREAPF N Fi),

button (‘6PT4\' continue, 10, 23).
wait ().
end. (*instruction *)

* EXERCISES ON EACH LESSON ===———

topic '0PAGPH A" (* on lesson one*)
exercise('d07I(L.£").

end.

topic '0PAGPA [FAT (* on lesson two*)
exercise(NA NP THHCF,

end.

topic 'OPAGPA ANt (* on lesson three*)
exercise('NPLETC ULEBL).

end.

topic 'OPA\IPA Al (* on lesson four*)
exercise( NP TEHL N6+,

end.

topic ‘PPAIOR AN (* on lesson five*)
exercise('NTPLEHL hov- L),

end.

topic exercises. (* on a selected lesson*)
exercise ().
end. (*

= end exercises block === )
topic test.

hide_window (?w1).

show_window (?wq).

instruction ().

test_quest ().

feedback ().
end. (* test *)

topic credits.
mark(MAMLF1+).

end. (*credits*)

topic Help.
set_focus (Pwl).
if last (°list) is "Help'

*)



‘then exit ().
list gets Help.
show_window (?wq).

text (‘e #rb P7INTI4 £ @ AMPPI® 007I0\BL 414

ACTARD- OURG URTCERNT BNA\:z: NoO(Th +e0, T4 a0LF £ OOMAPHR ce:
AOPLF $9@-h $A4T L+ Noo@NE M-07 L6 @B 15 aomiE
TMeovd- $0&1 A USTLERNT @LAND- £IPAP1E AGOPLP BT LB}

#mBU PULTCERNT PPUIA, Ya-#m AND. BIOLAMT
PoRntOR6 £ T 90T AP0 F #bgray N #d POLAD-T RAG LU
@E, VLA £ @ NNGT ATVEE: #bgray “UmeB #d PULADT RBAG SPLMThu
ATE TRET L, 31 AaOo0AR #bgray M £d PLADT RAG LPOL (N
GONOVAPHT 0ONe-t #bgray GVAGDE 44 PO AT RAG BIOL M
615 OG-t #bgray 4G #d PULADT RAG LPOLM =
BUT o010, AP0 F #bgray o0TNL #d TULND-T RAG BIPLMThi:
NNt L @ AODM thgray LN #d TLADT 846 BPLME:z).

topic '8V fULTCEANT PUA 10+

text (‘#x1 #y23 #fred #bcyan T o0CMPAZ ATTAY ANET® 4780 LPLM #d".
wait(,2).
location is search_text (?wq, "T'4 a°CMPAZ ATTAY AWET A T8I BPLMEY,
select_text (?wq, location).
wait(,2).
delete_selected_text (?wq, ?location).

end. (* a hypertext example *)

set_display_pos (1,24).

hlp_info is read_char ('f:\home\girma\hyper\help inf).

close ('f:\home\girma\hyper\help.inf').

cb is check box (‘1) ov°](\68), aopgavs ¢ AL ASPPT checked,, ?hlp_info).

topic checked.
new_file ('f:\home\girma\hyper\help.inf').
if get_check box (7cb)
then write (‘f\home\girma\hyper\help.inf',t)
else write ('f\home'\girma\hyper'help.inf,f).
close ('f:\home\girma\hyper\help.inf).
end. (*checked*)

button (‘6PTA', back, 55, 23).



wait ().
end. (*Help*)
topic Quit.

exit_kp().
end. (* Quit *)

(¥ ==========TOPIC TO CLEAN UP ON EXIT ==
topic Finish.

clear ().
end.

(* MAi{K - HYPERTEXT HANDLER

topic mark (item).
list gets?item.
displayText is read (?file, concat (//',%item) /") .
if ?displayText is number_to_char (26)
then displayText is '

ALIb@- ool 7 AP
set_text (?wl,[#rb,%tem,#rd, ?displayText] ).
set_file_pos (?file,0,beginning).

end. (*mark*)

*)

(¥ SELECT FONTS

topic en.
use_font (?engFont).
end.

topic b.
use_font (?titleFont).
end.

topic d.
use_font (?mainFont).
end.

topic 1.
use_font (?italicFont).
end.

*)

*)

(* SETUP

topic setup.

*)



wMain is window (Finish,3,1,88 30, ,[popup, thinFrame, TitleBar], , , , ).
wB is window (, 1,1,100,2, [child, disabled, siblings, showChildren], 2wmain, , gray).
buttonFont is create_char_font ( [1,1 5,400,F,'F'F',0,1,34,AGF - Zemen']).
use_font (?buttonFont, CONTROL).
show_window (?wB).
bl is button (11T objectives,1,1,11).
b2 is button (‘1@ content,12,1,11).
b3 is button ('ML3A back 23,1,11).
b4 is button ('TP\IOA exercises,34,1,11).
b3 is button (‘414" test,45,1,11).
b6 is button (AL credits,56,1,11).
b7 is button (‘PIABY help,67,1,11).
b8 is button ('L LN quit,78,1,11).
enable_window (?wb).
w1 is window (, 10,4, element ( window_info (?wMain), 10),

element ( window _info (?wMain), 11)-4, | [child, siblings, showChildren] ,7wmain).
wq is window (,10,4, 78, 26, , [child, showchildren, siblings], 2wMain).
engkont is create_char_font ( [1,1,25,400,'F‘,'F','F',O,1,34,'Arial']).
mainFont is create_char_font ( [1,1 25,400, F,'F''F',0,1,34,'AGF - Rejim']).
italicFont is create_char font ( [1,1 25,400,'T\'F,'F,0,1,34,'AGF - Rejim']).
hyperFont is create_char font ( [1,1 .25,400,'F'|'T"'F',0,1,34,'AGF - Rejim']).
titleFont is create_char font ( [1,1.5,400,'T"'F.'F',0,1,34,'AGF - Rejim']).
use_font (?mainFont).
if last (system_info ()) > 2

then :color is green.

else :color is black.
hyper_display (?color,,”hyperFont).
show_window (?wmain).
list is [].

end.

(" TITLE SCREEN %
topic title.
titlescr is Ioad_bitmap('f:‘*Jlome'\girma\hyper\titIescr.bmp‘).
window (,1,1,102,30, Hypertext-Based Courseware in Amaharic").
bitmap (7titlescr,1,1,90,27).
zemen is create_char font ([1,1.5,400,f££0,1,34,'AGF - Zemen']).
use_font (?zemen, control).
button ("6¢T4V Continue,43,25).
wait (,15).
close_window ().
delete_bitmap (?titlescr).
delete_font (?zemen).
end.



The data for the first lesson (LESSONS.DAT) is given bellow.

UM @-#%),

#mov9](Lf#m

#miA PP TECF4m
#mn PP T UCEBL#m
#mpPTEtC 06+ BC4#m
#mpPPTHC hov-LhiT4m

#mSCONT @ 4m

UuthCa 9497
LUT nCh nMae#FI 1377 S7Lhtd+7 “IhaT BMNPNF44:

1. hA o0LAT T9PGE+ ooNLF R NG OF AT AT ATLOLLNAT o
2. MhPTEtC oonh @-nT DAY YAMEE $AT Sod
3. DPTHECT ALLACH POLFATTT P98 F0+7 ALE o0l fr

4. PpPPTRTCT AP AR N&AF (YLEBLT M&+30) T
5. hA avlAl a0l TR AN Mo

#fred #ri @L =m™I@-Fh#m@- BY.5 4d #rd

Uy £CONY Ta-¥},

#mOPLAT TIPLLTHm £t##mOOLAT POPGH AR AR 00 1RFam
#mOLRT £O9457 0o HT PR m#tE#m WAL, F@NT E#m
AmL TP m#A=t#t#mN@- 00LAT 458 +#m
#mllAbTC LN 071E o0l AT TP 4#m
#mllALATC LR 0078 00LAT TPTE 4m
#mllbEma#tEEmin LT P4m
#mSr#m#A=t##m1816 L ALTINEm

#mA%bonT NFIACE 60 ATECRAT ATTCE TR #m
Amh P T Cem#At#EmbE LA S HAPT#m



#red POPET AT #m LN T, $ML=mT L)
Uugtht Ma-68, $1L
#mOCLHMEH# A M@ B NLL, +anf=m

#m@ M N& \#m#H#mP NP TRL CASMME NCGHF2m
#m It N&A\#m

#fred #r1 L #mTI@-FLHmar BY % 2d =rd

UUNAL+

LU TCAGP P /C R, R, Fa-L05 (At 17 AASELF A%MAT AT 7T L4A% PHHIE Yo ke
1LY RAAT NAAN AN PLACAE NAG6N PAIECODAT TG+ +/0F FEUL PLE T9, YD

PhCt BH+ Mlde-E PhPTEACT ATECOLAT 90N nAM@: “ren Introduction to
Computers #rd PG FTaong, ja-::

T+ 1988 9.7
ARLN AN

Uav?ifL. ¢

BUT Poc-& nMIPPFL (AN
PHmALAT CIPE #mT PVrT
#mOOLAT POI$07 avovlT P am i
#mAaoLAT POIP5R AR AR 001 F=mT
Mod SMNPIFAA::

Ulaol AT O 8.

aOLAT TIPTET I8N #ren ? #rd

OOLHT CUPGEL OOLKT PavAT PLP A1k NFLITT T oW aO(HT fONDTs 4G M)
PP T AP, feDmi

ool AT CIPGEF FIRAT 0ol ET TN TH ALovAnta- (thiAF@-) @~ ATR.£7 T 998L°]
MeAA Ik S1PY LAY j@-ia:

At eB M6 TMIG48 #mavlAT TIPEEY M6 8 2mT BADATE
#red #r1 PTAD #mov( AT PO94H o0l PE2m T BOVARE 44 #rd
UUaol BT 958 M6 8

aOLAT CIPRET TRRAGT aolBT NI TH ALooAhrta- (FhNAT @) N 478,97 T@- 998(°
MeAA 0 S0 LT YD
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POIPTLTE LLT tHIAR NA 0VLE @0F ATLovAirta ANA 6F PAD OAORT  MdLA
(AINTANG) ATRFN U@ T (ANLATDT) AD-IF 0PLTIT MMEPCT O

A8 ATGT BCET AS 0 PLIMERFT AR NG1T PLHT +084PF AT etq ATALFP 48708,
PLPLT AL OLAT OMTES AZT ANLAT TS BLPTA:: 1PPCIRL 067 NPl Y Loh7
MNgez M55 FAS @ft. ANFLLE @y AdoAME: 799 PH5A TRRAT avlZ Nlodt 999 T+
FOLF TF@ A8mfe ovHAdT P

#fred #ri PTAD #movlAT PO)PGH ovavlfFPFmT Bov\ik 44 #rd

Ullool BT 99955 ovavl{g Py

OOLR KIET Ne AT LLFT AooSAME P9 PNFA ATELPT ot ovooliz Py agogas
AMIPE AIPPE #mPARATI M 2m@PFPI+2mss & fAD- aOLPT (2m i £ Mt 4m) TF@::

UUHRRAT

AT 00 AT CO1PGF avavT FRARATTE Y@k

@f, PGEF NCATF PoL M@ a0l 7 FARAT a0l A1 o0l Ad-T N9+ 1.+ 995060
ASTET BLATP FRAAT oolfY A0

(MHE 4mOPFLIT4m T #meE £ 4m7 Lok

#fred #ri 37 a0LAT POU9GH avaoli5 P ook (134
#mOOLAT POIRER AR AR a0 YIPF4mT BOVAITE #d #rd

Uoei it

A% OB §ONPE avavlT @PF Pt Y

Ho1L$ P9LN ThAAT a0l MPAAD-T a0l F ¢A099] 547 FUN PIN j-: (BYFP A+ fovl
TTA NCAT AT ATRLT BMEPA )

HOTE #mtARATYF4m I #m&E £ h#m T BavA ik

#fred #ri 37 OOLAT (O194H avaol{ Py rtaodirk (134
#mOPLAT POIPTR A\ AR a0YIPFamT BovANE 4d #rd

UURES Tt

A1k OOLRY PUNPR aVaDHfE GE £ OYb YD
NOVLA PR LT 7L V- o0l F AtMPLPF 68 SA@ oolfT AANTT 9A+9O

U) oolAa@- AtMPOLPE & 0e0% POLO0TG 9. oolPF AAN

A) POLPCND- 6TCr PAFIC COLTH+ oolPT aAN= 4T CF SCAT Py St NeAk 9150118
PN aolfF ANz

MTHOTE: 4 RRATI4m T #m@PF PrhEm’ ook

#fred #ri 3'FT 00LAT PO999H avao TP rtavirk 134
#mOOLRY PP AR AR o0 4T BovATE #d #rd

UUooL AT $TI9R AR AR o0 Ips
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P 985 N6 00LAT SOPGE+ 64T Ad+: MU 3199 hATTY 6AVHE IC f o maqe
ool AT POPGA HR, aogPL P A1

foolh TPGAMD- ALYTG 00Ab - (LIPT o0a0l T PAN: a0l F 9HGEET ANAAT PLLTH
FICHT Ao 5 (UMD @ MTPAPT TG (1+HT5@ AS ovaol s YD
ALV TR UM AR M6 £FT N2 ooARk 0078 avaolf A
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#fred #ri 3'FT aOLRY 0O1455 AR AR a0 YIRF ook (134 fovZansear o6 hATMSee
#mOPN\IA A7 4m T B #d #rd

UUNN@- ool A7 TR+

g;diﬁ POUPEET N6 M@ LnF@T B3Nz (LY U AAPE @Le+S ACAN PIEPE avd)PPs
D

ATer, 26 “MG6 8 #mllN@- o0LET TPGES U166 £ #m’F BooAITE
MNEAT #moPLAT PTIPGR AR AR aOVIRT M40 #mT LOOANE

(THOTE: 4mllAlntC PBNLND 00YIE a0LHT TIPGEA4m 15 #mlAANFCLND, o0YIE o0lA7
APTET#m T BOOA Iz

#fred #ri 3FT 00LAT CO1PTH AR AR a0 VIEF ook 134 favBavs f@- Poc6 MATMSES
#mOVAIOF A 18#mT BNé #d #rd

VM- ool A7 1952+ M6

A196E (T o0YIE ool AINTE PP N7 P0G AT BCE+ (MPTYL) M- P95 @ia-
ool A 4aR HA N 1T £77PA\

aOLAT @ POTPGEL HA A@- AAF o) +avdal 067 Fo0IIP 3900 NO9IMov-3
fActsF PLIavIE @} (ovlfy \oOSMML AGDE NGOG PATYT a0 FLA 9L A
o0FR ALA FAET £V av-N:: BFT AIA, ool Aa- aofY] RINtT hiPY @B STCF
POLPLANTE PLIL T8A1 o0LA@-T APYPTE4 NOLENLATD LH IC AI8OC 04 hlPY @Bq
Pa-fbt FANATY PIT8 NPT @B SN2k aol) $o0l 457 avi £ PET AovoHy P9840
ey T L N@- aol7T (99955 1R, BIPG4\::

ML #mAARTE TPNLNP 00YIE a0LAT P94GE44m 5T #mAb N LI, 0018 ool A7
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Source code for a sample exercise (EXERS.KB) is given below.

count is 0.
topic questions (sect).

if 7sect =[]
then text (‘#e OOAMA WM& PTLAAT T 066 BPLAM #n#n) and
sec is radio_button ([ [ '*“NLF" 3.3], [hA hPTRACH 3 5],
[PPLRHC UCESC'3,7], [MPTRTC 06+BL 3,0], [ NPT nev LT 3,11]7) and
button (‘8P4 continue,7,23) and
wait () and
sect 1s radio_value(?sec).

do (?sect).
topic ‘P?IfL.£". (* Exercise on lesson one *)
wrong is [].
text (e 1. O°LAT TIPGEY 00LFT (PRAAT (LIPTPR NL1779°) A%Lovanta- fa-
M@ 0%+ LN I Y@= 4n).
ql is radio_button ([['A@+1'3,3], (‘D 13,3]]) .

text (‘#x1 #y5 2. NTLhTAT @-0'T 0ol B PO9955 ool e IPY@- Pk 1@-#ren#rd').
q2 is radio_button([["FNATI 3 6], [@PF I, [GEL M), Pavp\ fAFP))

text ('#x1 #y8 3. N&TT &7 PRRATIHT @ MuF o954 P9LLENT Tm- ovf A Fo99GH
7Y (@ Yo PEANE),
q3 is radio_button ([['MN@'3.9], [MAARTCLIR], [NAGLATE TRNLIE], [o0AR PAP ).

text (#x1 #yl1 4. 00LAT @ T$GE+ £ ITav+ NOLF At FICF @0
q4 is radio_button ([['N@- AT a0FR 5 12] [toolfuig 4T ovgIo0 35 12],
[OT17 “TREA (LA avFt 313 2], (P 0o\ 1)),

text (‘#x1 #y15 5. 00LRT §R9GH a0 @B avVil ¢ 0Pl a0l F o965 E+T ARLAL
FLLFYT F9CF Mo 1F N, k),
q5 is radio_button ([['A@-1¥'3.17], ['hi+7]).

button (\0F¢T™ continue,7,23).
wait ().

if radio_value (?q1) is ‘BN
then count = ?count + 1

else count = ?count and
wrong gets #maPlAT PG im'

if radio_value (7q2) is ‘P4 fA9
then count = ?count + 1

else count = ?count and
wrong gets #maLAT (T1¢GF avaffTP T um
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if radio_value (7q3) is MubATCLIE
then count = 2count + 1
else count = ?count and

wrong gets '#mllabATC LN a0 YIE avlAT NGt sm:

if radio_value (?q4) is '+ 9° 004\ 1@~
then count = ?count + |
else count = ?count and

wrong gets #m(lN@ 00(FT GE 4 O9{)0nd, € 2y

if radio_value (7q5) is 'hiFt
then count = 2count + 1
else count = ?count and

wrong gets #mdoLA7 CONPGE AR AR o0YIE S 4m'

end. (* Exercise on lesson one *)

topic radio_value (handles).
selected is element (?handles,
where (get_radio_button (?handles), t)).
radio_value is get_text (?selected).
end.

topic 'NA MPTRTCF
text (‘e #x1 #y3 NANYLEHCH ovg\ovy)
button (‘BT4\' 'go_on' 7,23).

end.

end. (* questions *)

topic result.
if ?count < 3
then repeatit ()
else proceed () and
button ('\8PT4\' continue,7,23) and
wait ()and
wrongans ().
end. (* result *)

topic repeatit.
text (‘#e #fred #x1 04 £ @M+ NATT
LUT PO¢& (LLTov-+ Bavl M #d").
animate ().
button (‘6¢T4\' continue,7,23).
wait ().
'go_on' ().
end.
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topic proceed.
text (‘#e TNs§ @Mt ATHPA
@LLPTAD POrE LAGY,
animate ().
end.

topic animate.
r=4.
while 7r < 24
then move_window (?wq,?r,5) and
wait (,0.1) and
r=7r+2
end.

topic wrongans.
if 7wrong <> [] then

text (‘#e NOOPMAP Nt P7LhtA+7 BhAN #nén, 7wrong,

PTHLHGAT N9 te BPLAF@E sered LPTAT #d LFLH
£ P #fred MLAA #d PTLADT $A& IOOMPP ALNET Lav\irk

else text (e MMP T4 @ LPTRNY).
button (BT 'go_on',7,23)
end.

topic 'go_on'.
count= 0.
move_window (?wq,10.4).
hide_window (?wq).
show_window (?w1).

end.



The source code for a sample test (TESTS.KB) is given below.

res_count is 0.
topic 'test_quest'.
text (‘#e #x1 #yl 1. ATE InPTEAC AP PoUIM A 0wl REAF AT ¢ 2TV,
tql is radio_button ([[LTF AT AT 0&+BC 3.2], [LEBLT &L 33,2],
[UCESC A 3.3 2], [F10+4 P+ NG % 33.3.2])).
text (‘#x1 #y5 2. WLt P8ME NLIHF @-0T MhPTEHC A P934 8 RTPS
@' ANLAT PP 1@ PHT@- j@-#ren 24rd).
tq2 is radio_button ([[YALYIA F#Mé AL 3,7), (11856 P#Me- 1LY 35,7],
[l ALTIA £8ME NCY 3,8.2], ['oR4\ PA9™ 358 2])).

text (‘#x1 #y10 3. 71 PAF oA £ PHE@ j@-#ren 22rd).
tq3 is radio_button ([['(L1,3 ,11], 18+, [AL7I4 €T,
[TLON2+]).

text (#x1 #y13 4. 7640 i 18+ Al £ 145 @ 1@-=ren 74rd).
tq4 is radio_button ([['640,000 (L%, 3, 14], ['640.000 184%1, ['650 N84%],
(oo FAT™)).

text (#x1 #y16 5. WLt A% CTLL +a-nd 385F ALLAT,
tq5 is radio_button ([['¢9". 3, 17], [“1T%F R 4T, (973D A0AY, [T R $A.]).

nextscr ().

if radio_value (?tql) is 'CEBLY (& +BL
then res_count = ?res_count + 1
else res_count = 7res_count.

if radio_value (?tq2) is 71816 $M¢ LG
then res_count = 7res_count + 1
else res_count = 7res_count.

if radio_value (?tq3) is L
then res_count = ?res_count + 1
else res_count = ?res_count.

if radio_value (?tq4) is '640,000 1843
then res_count = ?res_count + 1
else res_count = ?res_count.

if radio_value (7tq5) is '“1°I6F T #A.
then res_count = 7res_count + |
else res_count = 7res_count.

text (‘#e #x1 #y1 6. 00LAT @L hPTETC @-'T A%ININT 799, £ 01A@- 17 27 oo
SF@PNtren 2#rd").

tq6 is radio_button ([['NAGT, 3, 2], ['“1T9LE", [T,
[ooAR TATT]]).
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text (‘#x1 #y4 7. Lt @nF NATNAPF A1+ PIPI@- PHE@ 10 #ren %cd)).
tq7 is radio_button ([['5.25 A.TF APOO¥TH A 360,000 LEF LEHA 3. 5],

[3.5 AFF APovt T A 720.000 (L% 22HA" 3, 6.2].

[5.25 &TF Adoor RN 720.000 4% L8HA' 3. 7.4],

[3.5 ATF APavtd\® RN 360.000 L£F 2LHA' 3. 8.6])).

text (%x1 #y11 8. MPTETET ATE7 e ATA S MA@ T POLYIE £ H0HS HCHE 97
B\ \#ren 2#rd").
tq8 is radio_button ([[LTF, 3, 12], ['TCeP], (%71, [AI461)).

text (‘#x1 #y14 9. WLttt A% PATARAT 0&+BC YA ARLAT.
tq9 is radio_button ([[@CETCNT, 3, 157, [AMLHT, ['eth 1.2.37, (AP, . A1)

text (%x1 #y17 10. BUF&7 Aov&MCT APGE+T A2Ta01T A®INTHHAT ATTeao Tz A“Y+qPq
footinde+7 A%Thaa? POLEINTA PATARAT 06 +BL ALT PHE@- 1@ #ren 24rd).
tq10 is radio_button ([[8F& “IPGA" 3, 19]. [V ML 14, [o0LH AMGPST,
[0 FAT™)).

nextscr ().

if radio_value (?tq6) is '0P4\+ A
then res_count = 7res_count + 1
else res_count = 7res_count.

if radio_value (°tq7) is '3.5 A. 7% A2a0+71 A 720.000 (L£% L.8HA'

then res_count = 7res_count ~ 1
else res_count = ?res_count.

if radio_value (?tq8) is "TC&T™
then res_count = ?res_count - 1
else res_count = 7res _count.

if radio_value (?tq9) is ‘AT, Adl. A
then res_count = ?res _count ~ |
else res_count = 7res_count.

if radio_value (?tq10) is '0LF& VP55
then res_count = ?res_count + |
else res_count = 7res_count.

text (‘He #x1 #y1 11. MPTRHC NATE L PoLEPaAFD (LEF I°7 Novni
BF@PM#ren 2%0d").
tql1 is radio_button ([[1&1 3, 2], [@CE], ['&9™], ['HRAT)).

text (‘#x1 #y4 12. 71814 $8ME DL DTt oWl PAREF Al téren 2%rd).
tq12 is radio_button ([['ANC., 3, 5], [FAT7]. [R9PTI], ['A0é DEATT)).

text (%x1 #y7 13, £100011 NL36 Al £ NAALTIA P FUA 1@-#ren 24rd).
tql3 is radio_button ([['16', 3, 8], ['19']. ['35], ['67']]).
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text (‘#x1 #y10 14. NPLIt+ @-1F 00LET £9967 avavfi PALPID. P45
1D-#ren 24rd").
tql4 is radio_button (["PARATI, 3, 11], [@PFRIt], [SEL D], [o0AN FAT])).

text (‘#x1 #y13 15 (M@ AW hPTRECHT PUL L1957 ool 4] o (lavni\
B3 @F \iren 24rd).
tq15 is radio_button ([P?, 3, 14], [A7], [TLPT, [¢P])).

button (‘B3¢ continue,7,23).
wait ().

if radio_value (?7tq11) is '@CE"
then res_count = ?res_count + |
else res_count = 7res_count.

if radio_value (?tq12) is 'FA
then res_count = ?res_count + 1
else res_count = ?res_count.

if radio_value (?tq13) is '35'
then res_count = ?res_count + 1
else res_count = ?res_count.

if radio_value (7tq14) is ‘P fAP™
then res_count = ?res_count + 1
else res_count = ?res_count.

if radio_value (7tq15) is '"A7"
then res_count = ?res_count + 1
else res_count = ?res_count.

end. (*test quest*)

topic feedback.
if 7res_count < 10
then revise ()
else pass ().
end.

topic revise.
ave = format_number (‘###.##%'(7res_count/15) * 100).

text ( '#e #x10 415 @M+P v 2ave. #v 10 TN @9 757 =

#fred & @M+ NAATY
TPUCET MMPAL (LLTovF Bavl M4\ 44"
button ('8PTH\' 'go_on',7.23).
wait (,30).
res_count is 0.
end.
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topic pass.
ave = format_number (‘### ## (7res_count/15) * 100).

text (#e #x10 P4TT @MAP #v 2ave, #v 2102 TN 752 YL
oo MAP A78 HINALPT ATL PEP ML PoLIrtA-+7 hCAF 7%

1. ®CLTCeRT ML @CE: MG APGE+
2. 0=t 1.2.3 @B KA NETC AL Ptovlhfk ool ZPET Aot Tt
3. AT @B ARnh a0l T ATIMA4L

#rb AP6PE hCOF a0ANT OEN ATAVTAPFAT #rd .
res_count is 0.
button ('"8PT4\' 'go_on',7.23).
wait (,30).
end.

topic radio_value (handles).
selected is element (?handles,
where (get_radio_button (?handles), t)).
radio_value is get_text (?selected).
end.

topic nextscr.

text (#x1 #y21 #fred &17@ BeTANz: APPNFT T LR NACTMTIT Md N30 BT
LOOCME AN APRE TEB BECANPTA: 4d)),

button (‘839" continue,7,23).
wait ().
end.
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topic pass.
ave = format_number (### ##' ("res_count/15) * 100).

text ('#e #x10 T415 @M #v 2ave. #v 210 MNLL DI 757 YLz

NooPMAP AT HIGPE AT PeP ML POUITR+7 RCAE o,

1. ®CLTCLT @B DL fF6 \PGE ¢
2. (et 1.2.3 @B ANAA (TL AL fav/hfh ool 5P%7 Ao 717
3. AH @B Ahnn ol AT ATIMES(

#rb AP6PE NCOF aVANP OBA ATaOTAPFAT 4rd P
res_count is 0.
button (B+TA''g0 on',7,23).
wait (,30).
end.

topic radio_value (handles).
selected is element (?handles,
where (get_radio button (?handles), 1)).
radio_value is get_text (?selected).
end.

topic nextscr.

text (%x1 #y21 #fred &T9@ BETANz: APIET T 2R NACTMTF M. (KA Brey
AooCIk AN APRE T OB BECANPT Az 2y,

button ('@ L™ continue,7,23).
wait ().
end.
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