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ABSTRACT 

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

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 ""ith 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 kno""l1. The need for training on the basics of computers is strongly felt in Ethiopia. This 

high demand of producing computer litemte 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 ",ith 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 re,;ew 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 

de\"elop the courseware. KnowledgePro for Windows is 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. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background 

Computer ' "C> , : , .~ . l,as influenced every aspect of modem life . There are thousands of 

areas cw. :.,)1· .... >1,= cd 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. go\'emment. and medicine. Scienti sts. educators, and artists also employ 

computer to assist them in their work and to enable them use the ir time more creatively. In 

addition, computer technology has had a significant effect on entertainment and arts. 

Computers ha\ 'e even begun to influence the home li\'es of their users (Lavrine and Fecher 

1986). 

Computer applications in the field of education have been the following: 

• the general use of computers and high level programming languages in 

problem solving; 

• computerized tutorials; 

• computerized drill-and-practice sessions; and 

• computerized simulations aJ~d games, 

with the last three being most commonly used in education and training. 
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Computer Aided Instruction (CAl), 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 CAl were simply "books on sc reen" . 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 co llection of infornlation that can 

be accessed non-sequentially. It consists of chunks or fragments of text or other 

information . Nodes and assoc iative links are the basic building blocks of all hypertext 



, 
-)-

systems. Rather than a continuous flow of text, hypertext breaks it up into units or modules 

of information. Because of the modulari zation 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 a!. 1989). 

1.2 Statement of the Problem 

In Ethiopia computers are being used in different government, international, and business 

organ izations. However, studies ha\'e 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 underuti1ization 

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 so lve the problem 

partially. However, provision of adequate training calls for a number of resources. the most 

important being properly trained educatorslinstructors. 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 thi s research an anempt 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 (i.e. through purchase 

or inhouse development), the inhouse development option is chosen in \iew of the 

following considerations: 

• 

• 

• 

• 

the software's specialized nature; 

degree of customization required; 

lack of awareness of the potentials of course\\'are: 

availability of ski ll ; etc. 

The goal of this research is, therefore, to show the possibility of developing a hypertexl­

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. 
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1.3 Justification 

Current ly, business and government organizations are aware of the need for training and 

retraining of their staff in the fie ld 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. sUITeys 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 (S irak 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 re lated to pre-college 

factors. 

Some of the problems could be related to: 

• the emphasis of training centers be ing on the instructors' knowledge of the 

subject matter rather than the way they present the subject matte r for 

trainees: 

• students' difficulty to understand new concepts tn a language other than 

their mother tongue; and 
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• composition of students with a Yarying degree of level of education in the 

same class. 

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

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

• student-centered teaching is follo\\'ed: 

• the nature of difference among students is recognized; 

• students' needs are met by diagnosing learning difficulties; 

• student interaction is active; 

• flex ibility is in place: 

• questioning is introduced: and 

• pace of learning of the student is considered. 

Education specialists were predicting extensi\e reliance on C\I SInce the 1980s for 

effecti ve 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 fo urth revolution. This 

revolution is the improvement in learning to be affected by modem technology - the 

electronic media and particularly computers." 

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

process. Most conventional educational methods (i.e . classes. lectures, and readings) al low 
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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 we ll as to review their work. 

CAl 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 A1emayehu (1995) stated, situations where courseware are to 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 benefic ial. 

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

(Parsaye et a!. 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 

transmi tting basic knowledge and skills. 



-9-

The view that education is best given in the mother tongue seems to be ',idely accepted 

among educators. One ot" the most important advantages of leamer'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 De'·elopment Research Center, Canada) has al so 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 instill s pride in traditional 

culture and oral literature and act as a moti,·ator. 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 Amaharic Operating System-Agafari ; add-in programs on major application packages, 

such as Wordperfect 5.1. most \Vindows 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 se lected as a case problem mainly because of the following reasons: 

I . As an instructor of the course at NCIC. th~ researcher has adequate knowledge of 

the subject matter, and can easily get add itional information and existing problems 

about the subject from senior sta ff if needed. 

2. The researcher's experience in teaching the course for seven years has indicated that 

usually students come wi th 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. 

3. The students are admitted to the course with their yarying educational hackground. 

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

4. The course content do not change frequently as in the case of app lication software 

packages which change with new releases. 

5. 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. 

Furthennore, 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 \\ith 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 a\'ailable 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 course\\'are, 

1.5 Scope and Limitations 

The scope of the study is limited to a brief description on some of the available courseware 

and hypertext deve lopment methodologies, In addition, development of a mature and fu lly 

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 di sciplines. 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 

course\\are may sti ll 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. intef\'iew 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. 

AJemayehu (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, it s 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 . 
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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. respective ly. 

Some of the objecti\"es of the Center include bui lding 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 \995 ). 

The Center provides services, such as, computer services, computerized information search 

services, consultancy services, e-mai l and BBS services, library services, training serv ices. 

etc. 

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

training courses since 1988. The computer train ing unit has the objec tive of training 
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trainees m hardware, software (operating systems, appl ication software packages. 

programmmg languages), systems analysis and design methodologies, management of 

computer-based information systems and services, data communication and netw·orking. 

Introduction to computers is one of the prerequisites of the fu lfillment of the Certificate 

programs in anyone of the applications at NCIC. 

Treainees upon secunng one of the Certificates, i. e. , 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 disc uss the basic elements of data processIng actiyitv and why it IS 

necessary; 

• to introduce trainees to concepts and termino logies In the fie ld 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 ,,·ho are registered for this course are not expected to ha\·e any pri or knowledge of 

computer systems. The minimum requirement is to complete thei r 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 day session (morning and afternoon) 

and one in the evening session. The day sessions are given 3 hours per day and the e"ening 

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

periods. 

2.5 Course Content 

The course is divided into five sections as follows. The first section di scusses about data 

processing. Section two deals with computers and ho\\' data is stored. processed and 

communicated in copmuters. Section three addresses the hard\\ are aspec t of the computer 

system and section four addresses the software aspect. Computer Communications tS 

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

1. Introduction 

What this course is all about 

What is data processing 

Data processing criteria 

Diffe rent ways of data processing 
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2. About computers 

What is a Computer 

The computer number system 

The decimal number system 

The binary number system 

Units of data representation 

Coding methods 

3. Computer Hardware 

Input unit 

The Central Processing Unit 

Memory 

Read Only \1emory 

Random Access Memory 

Output unit 

The bus system 

External Memory 

4. Computer Software 

Systems sofuvare 

Operating Systems 

F unctions 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 

5. Computer Communications 

Local Area "Ietworks (LANs) 

Wide .-\rea Networks (WANs) 

2.6 Instructors 

The instructors for this course are experts (i.e. software experts. hardware experts, systems 

experts, and information experts) from the different Departments and Teams ofNCIC. 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. 
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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 wi th the expectation of som-e interaction with the 

computer in learning a computer course. They are mostly bored wi th this 

subject since it is based entirely on lectures and manuals. 

• The students are admined to the course with their varyIng 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 med ium of instruction to be at least paniall y in 

Amaharic. They hint that new concepts are easi ly understood with a local 

language than with a fore ign 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 (CAl) 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 Learning (CBL), Computer Managed Instruction (CMl), Computer Based Training 

(CBT), Computer Based Education (CBE), Computer Aided Learning (CAL) Computer 

Aided Teaching (CAT) (Microsoft Corporation 1993,Wong 1993, Creanor and Dumdell 1994, 

Choo 1994, Alemayehu 1995). 
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In this study, unless quoting someone, the term Computer Aided Instruction (CAl) 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 (1 985) called Computer Aided Instruction (CAl) 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 . 

. .>J) \ lriSTRA TOR 

(DIRECTOR) 

. .>J)\[D;STR-\ 110:-; AD~!r\STR-\llO:-.i 

lrntructoc. 1. 

, 0 . 
EduC3lion.a.1 ~fat.crial L<am" 

1 

Figure 3.1 Representation of the basic concept of<!ducation 

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

them can be found in A1emayehu (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, dillo sheets, work books and tests" 

Software packages which help teachers to improve 'heir leaching in the 

classroom is also referred by Jaques Hebentell as "courseware " (Tagg and 

Lo\is 1988) 

In addition effing 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 /988) 
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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 

CAl 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 .-\ided 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-entrv sequence of a spacecraft (Hendrickson, Janson, 

and Rossi 1985). 

Still, almost all Computer Aided lnstruction efforts share similar ad,·antages. 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 tum 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; 

• individualization; 

• improved student performance; 

• increased learning satisfaction; 

• convenience; and 

• 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 learned good troubleshooting or diagnostic skills is impossible (AJemayehu 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" CAl 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 (AJemayehu 1995). 
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3.3.3 Individualization 

One of the central focus of coursewares is aIlO\\ing each student to learn in hislher own pace and 

in a fashion most suited to hislher particular learning style (A1emayehu 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 re\ iew and reinforce material when the student's response is not 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 CAl 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 O\\TI pace independent of a student's reaction or 

understanding of it In this sense, CAl 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 Dumdell 1994). The value of this 

characteristic 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 srudents 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 srudents to have some control (sometimes free and sometimes 

conditional) olier the order in which they learn topics, (i e, the sequence of instruction) It is also 

reported that, the use of courseware enables each srudent to complete the training with the sarne 

acceptable level of competence (A1emayehu 1995) 

3.3.4 lmproved Student Performance 

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

which improves srudent performance or reduces performance problems (A1emayehu 1995) 

Most educational methods (i.e. classes, lecture, readings) allow the student to adopt a passive 

attirude which result in little acrualleaming as the srudent spends most of the time not attending 

to the instruction. A well designed CAl product forces srudents 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 (A1emayehu 1995). Most psychologists 

agree that active involvement facilitates learning, even more when srudents are forced to playa 

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 AJemayehu (1995) and Hendrickson, 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 typicallj:. find using courseware more motivating than other forms of 

instruction (AJemayehu 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. 
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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 penmits 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. Modem 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". 



-3 2-

While these are some of the main arguments generally cited to encourage the use of courseware, 

increased development time, problem of faci litating 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: 

I . 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, A1emayehu 1995) 

The critics of the tutorialcoursewares point out its "limited and limiting pedagogy" 

(Alemayehu 1995) They are also criticized by their nature of trivializing concepts, i.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 is 

loosing its significance. 

2. Computerized Drill-and-Practice Sessions. The purpose of this type of CAl 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 CAl now used. It generallv 

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 CAl may be quite 

sophisticated, including "intelligent" expert system based tutors (Hendrickson, janson, 

and Rossi 1985, Alemayehu 1995) 



-34-

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 

experiences (Alemayehu 1995). 

3. 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 ,vith 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. lnstructional 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 curiosity 

characteristics. To pro,ide such features, the development of instructional game 

coursewares require sophistication in both curriculum design and computer 

programrrung. 

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 Rossi 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 PROGR-\_"I CONTENT characteristic feature of a courseware include 

• presentation of information about the content and background; 

• suitability of the content of the material for students' use; 

• compatibility of the content with the learning outcome(s) expected; 

• educational significance of the content; 

• statement of objectives and aims; 

• statement of the intended type of use and audience; and 

• availability of instructions for running the program. 
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The PEDAGOGY (FRlENDLINESS AND FLEXIBILITY OF THE PROGRAAn 

characteristics are: 

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

• clear definition of the learning theory underlying the courseware, ie., behavioral, 

cognitive, logical, etc. ; 

• self continence of the program, ie , 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 PROGR~\1 OPERA nON characteristics 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 DOCUMENTA nON characteristics of a courseware are 

• infonnation about machine requirements; 

• infonnation about the model used; 

• infonnation about the program structure; 

• listing of the program code; and 

• user documentation to use the package. 

Generally if one expects 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 perfonned; and finall\" . 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 progres~ in recent years. In this regard, the application of technologies like object 

oriented programming, hypertext, artificial intelligence (particularlv 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 foUows. 

3.6.1 Hypennedia 

One of the main obstacles that holds back the production and diffusion of educational 

courseware is 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 \995). 

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 weU as text or numbers, 

the resulting strucrure is referred to as hypermedia (parsaye et aI . 1989) A Hypermedia 

environment is 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, ,ideo or other information. The size and modality of a node varies 

from a single picrure 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 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 strucrure 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 it more personally meaningful 

(collaboration), or to build and strucrure 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 

\993). 

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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information storage in a hypertext Modularizing information enables the user of the information 

system to determine what chunk of information to access ne:-'1 . Another important characteristic 

of nodes in many hypertext systems is that they are amendable or modifiable by the user. The 
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the links that interconnect the nodes. Links in hypertext systems are typically associative, that is, 
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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 
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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 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 "'Titing 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 they 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 ",ith 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 pro\ ides a facility for developing a 

courseware which can facilitate indi,idualization and interaction (.-\Jemayehu 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 progtam 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. ill 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) 

• automating procedures, 

• diagnosing problems (such as medical), 

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

• 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. 
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The knowledge base is the part of the expert system that carries out long tenn 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 infonnation 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 hislher mistakes. As such 

expert system application increases the adoption of the coursev,;are to a given student. It also 

facilitate development of courseware packages which can respond flexibly to individual learner 

needs and progress (Alemavehu 1995). 
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3,6,3 Expertext 

The term 'expenext' was used by Rada to describe the work he has undertaken in the context of 

developing 'intelligent hypenext' by augmenting hypenext through the use of expen systems 

technology (Barker 1993). 

Jonassen, Grabinger, and Wang (1993) demonstrated different integration of hypertext and 

expert systems. Hypenext can be used as a front-end interface and back-end help system for 

expen systems. Expen 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). 

Obviously, in order 10 undenake developments of this sort it is important to have suitable 

development lOols available. One very useful tool that combines a hypermedia authoring facili ty 

and an expen 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 hypenext, sound and pictures 

(Barker 1993) 

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

(Expenext) by developing a prototype intelligent tutoring system (lTS) 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 fu ndamental aspect of its 

paradigm: abstract data typing (encapsulation), inheritance and object identity (parodi and Ponta 

1993 and Parsaye et al. \989) 

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, i.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. 

Application of object orientation is increasingly becoming popular in sofrware engineering In 

particular, object oriented programming is found to be suitable for meeting such sofrware 

engineering goals as modifiability, maintainability, understandability, portability, abstraction, 

information hiding, reusability etc. (Parsaye et a1. 1989, Scholtz et a1 . 1993 and Arano et a1 . 

1993 ) 

The main features of the object oriented model mentioned earlier, ie , encapsulation, identity and 

inheritance provide the facility to design sofrware which could be easily 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 Pont a (1993) have reported 

that, the application of object orientation methodology in courseware deyelopment 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 

Infonnation (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) infonnation 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 infonnation 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 fonns the basis of many of the most conunonly 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 tum 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 (Seyer 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 subsequemlv present them) in a strictly 

sequential fashion (Seyer 1991 , Barker 1993). 

4.1.2 Non-linear Structures 

Some intomlation 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 is possible for the user to Jump' to any of a number of other units 

depending upon his or her information imerests and requiremems (Seyer 1991 , Barker 1993) 



-50-

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 "ia 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 usmg a non-linear information structure is performed 

interactively by the user. Usually, decisions are made using the 'point and click' faciliry 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 nonliinear. 

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 'Nith 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 199 1, 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. (1 989), 

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 initiate 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 tenns 

related to the sought tenn. Hyperte'.1 can be thought of as an enriched thesaurus where, instead 

of links betw'een 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 hypertex1 as being 'computer supported non-sequential writing'. 

Slatin (1 99 1) 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 LucareU 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 pennit the user to browse through related topics. regardless of the 

presented order of the topics. 

Hypertext, at its most basic level, is a DB\-IS that lets one connect screens of information using 

associative links. At its most sophisticated levels, hypertext is a software environnlent 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 tum lead to the display of new 

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

(Rada 1989, Frisse and Cousins 1992) 

I. a database of text 

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

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

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 "hypertext", in 1965 \·annevar 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 , Seyer 1991, and Barker 1993) In the following table we 

shall see a hypertext timeline (Berk and Delvin 1991). 
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Table 4.1 : Hypertext timeline 

Year Event 

1945 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 inability 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 oflinks. 

1962 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 te;\1S, electronic mail, document libraries as well as 

separate "private" space on the computer for users' personal files, computer 

screens v,ith 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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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 hypenext project at Brown was called the File Retrieval and 

Editing System (FRESS, completed in 1982). According to Van Dam, FRESS 

was the first system 10 have an undo function; undo remains the most popular 

feature of many software packages. 

The latest hypenext 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 oflinks 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 lntermedia 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 

conunercial 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 fo r 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 (0\\1.) began to market it for the Apple Macintosh. 

Guide was released for use on an IBM PC in 1987. Like other 

microcomputer-based h'-pertext authoring systems that came later, Guide 

provides less functionality than earlier mainframe and workstation-based 

products, but it does rei,· on a graphical user interface. 
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Xerox P ARC's NoteCards was released. NoteCards. K..\1S, and Intennedia all 

support graphics and animation nodes as well as fonnatted 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 ~oteCards is represented on screen as a card. 

NoteCards can be of any length necessary. 

HyperCard came out. HyperCard does not allow tex1-to-text links. It provides 

few of the frills most hypertext authors require for large scale hypertext 

production, but because it comes vvith every Macintosh sold, it certainly has 

brought a semblance of hypertext to the Macintosh masses. As can be 

sunnissed 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 stad.-ware. Cards in HyperCard 

are linked to other cards via link anchors called "buttons". Also in 1987, the 

IBM-PC version of Hyperties, which began life in 1983 as The Interactive 

Encyclopedia System (TIES) at the University of'.1aryland's Human-Computer 

Interaction Laboratory, was introduced. 

There are now plenty of commercially available hypertext authoring systems 

running on a variety of platfonns. New versions of existing hypertext products 

such as HyperCard, Hyperties and Guide are released regularly. Hypertext 

conversion programs such as Texas Instrument's H'-perTRANS, OWL's IDEX, 

and Big Science's SmarTex1 (now owned by Lotus), which convert existing 
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electronic documents into hypenext. are becoming viable options or additions to 

business documentation plans. 

4.4 Types of Hypertexts 

The most pervasive characteristic of hypene\1 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. HyperWriter and xText talk about nodes as pages (Seyer 199 1). 

In the early hypertext systems nodes were always text nodes. The availability of computer 

peripherals to generate sound and to deal \\ith \isuals creates a new communication 

opportunities. A node might be (Seyer 1991) 

• text display; 

• graphic display; 

• video or a video disc segment; 

• animated graphics; 

• recorded speech; 

• digitized speech; and 

• musIc; 
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If the word "teXl" in the definition of hypertext is replaced by "music", "film", "images", "sound" 

and so on, a h\permusic, 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 :"elson first coined the term "hypertext", there has been debate over whether media 

other than te:>.l are encompassed by that term. Nelson himself has acknowledge the usefulness of 

the word "h}-permedia", although he claims that from the first, his vision of hypertext always 

embraced multimedia as well (Berk and Devlin 199 1). 

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 hypertexl are used. 

. 4.5 Authoring Tools 

The process of creating a hypertext or hypermedia system is usually undertaken using a suitable 

authoring sys;em such as GUIDE, HyperCard, HYPERTI:ES, 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 199 1): 

1. 

2. 

creating multimedia information units; 

marking reactive areas within these units; 
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, 
J. 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; 

5. 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 "ith 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 hyperte'.1 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) 

• Hold commands, like procedures 

• Store values, like variables 

• Return Values 

• Inherit Values 

• Be linked into a hypel1ext 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 improving the quality of delivery, increase the 

individualization of learning, encouraging learner autonomy, and, arnongst others, providing a 

cost effective solution to the issue of increasing number of students, particularly in higher 

education (Barker 1993) 

Of al l the possible applications of computer technology to learning, hypennedia 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 bv the leamer, learning is optimized when the learner can attain 

the system to hi s 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 instnlctional 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 m 

education: 

1. Providing rich and realistic contexts fo r 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. 

2. 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. 

, 
J . Focusing learner attention of the relationship offacts The usefulness offacts 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 ofinfornlation. 

4. 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. 
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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 al so share a hypermedia package. They work together and 

exchange ideas through authoring functions. The 'collaborating' process blurs 

the di stinction 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 Leamer 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 maner, poorly-motivated learners, or learners lacking meta-cognitive 

skills take control of learning. bener learning effects are not found. 

Lost in Navigation- A hypeI1e", 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 hypeI1ext system, learners have to continuously 

make decisions about where to go and to make sense out of the connection. There are 

tremendous eft'ons 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 hvperte:-.1 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, vanous designers proposed strategies to lmprove 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 hyperteA1 

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 inlprovement in different 

technologies. Some of these technologies are briefly reviewed below. 

4.7.1 Pointing Devices 

Hypenmedia 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 infonnation 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 ind irect 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 faci litate 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 'next', 'go', 'up', 'down', 'left', 'right' and so on (Seyer 199 L 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 A1 technologies, for instance rule-based expen 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 expen system with those of a 

hypertext facility . Expen systems and hypertext are complementary methodologies. As expert 
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systems explain their decisions to users. the rules on which the expen system is based often seem 

inadequate. Hypenext 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, hypenext 

systems can be extended by including expen 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 Al and hypenext. They do 

so in different ways and sometimes for different reasons, but nonetheless the fusion of 

technologies is taking place. 

Some of these products are: '\expen Objects from Neuron Data, HyperTrans from Texas 

Instrument Inc., KnowledgePro Windows from Knowledge Garden Inc., Hyperbase from 

Cogent Software Ltd, and many more (Linleford 1991). 

4. 7.3 Hypertext and Telecommunications 

As Barker ( 1993) state, development in hypene).1 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. Tlus 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 al so means that it now becomes very 
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easy to share hypennedia material. provided the infonnation carrying capacity of the network 

(that is, its band'Nidth) is sufficient to support the transfer of the embedded multimedia 

infonnation 'Nithin a reasonable time-scale. 

Alternatively, if the actual dissemination of a hypennedia 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 hypennedia knowledge corpus. Obviously, for sensitive 

infonnation it may be necessary to impose various sorts of access control mechanism that will 

allow users only to gain access to infonnation tor 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 hypennedia 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 invoh·ed. 

In this study we shall see differen t courseware and h'llerte'.1 deyelopment models. The 

courseware development models are used to identifY the various steps and processes In 

developing a courseware while the hypertext de,·elopment 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 infomlation screens and 2) organizing them into a certain order (Yang and Moore 

1995). These two activities are well represented in the design of h:llenext courseware which is 

composed of two pans, 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' 

• ""'hat type(s) of user is the product aimed at? 

• ""'hat form of access control will be needed? 

The characteristics 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 199 1) 

I 
I 
I 

J 
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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 ",ill need to be supplied and 

what format they should take. In many situations a user-guide ",ill be needed. Sometimes one or 

more workbooks may al so 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). Tlus 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 hyper 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 desigrling 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). 



-71-

5.2.1 Language Usage 

Since most courseware is used \\ithout direct assistance trom 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 linle about the 

potential learners. Emphasis is sometimes placed only on content expertise and programming 

skills, not on the fo rmal instruction (.-\Jessi and T rolip 1985 quoted in Yang and M oore 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 pro\ ided .. -\11 abbreviation garbles communication, especially when its 

full explanation is not on the same screen. Since hypenext allows learners to jump from node 

(content point) to node d)l1anucaUy. 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 :-. foore 1995). 



-72-

Spelling, grammar, and punctuation are important in communicating the content infortnation. 

However, the layouts of infortnation 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, al though 

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

Redundant expressions are inappropriate since the computer screen has only linnited 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 s)11ta'{, 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 ~100re 1995). 

5.2.2 Highlighting Techniq ues 

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

But without reflective consideration, they may annoy learners. 

It could be nnisleading to highlight a great deal of infortnation on a single screen. Interface 

experts have suggested linniting the use of highlighting techniques to no more than three fonts. 

fou r text sizes, or four colors on a single screen (Jones and Steinberg 1990, Yang and Moore 

1995 ). 
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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 ternlS. 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 uncertaintv 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 effol1 and 

avoids possible troubles (Jones and Steinberg 1990, Yang and Moore \995). 

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 it 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 SYSlem. 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 learners, courseware screens should be artistically pleasant. Nevertheless, an 

effective screen layout should not attract learner attention to decorations or unimportant 

information. The screen design should be designed to decrease the mental burden and achieve 

better learning effects. 

Since various r,pes 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 ti tle. 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 senes of screens share one layout. the standardized format provides extra Slructural 

information and faci litates 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 ill 

margins, between lines, and between functional areas will have aesthetic and instructional value. 

Color also has a decided effect on learners ' visual comfort (Barker 1993) 

5.3 J-ink 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 course\vare 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 add resses 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 ~ideo, 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. Menill (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 appropriate 

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 ~100re 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 leanners to process the content information and thus the learning results. These 

terms include: enhancement, prerequisite information, alternate representations, mnemorucs, 

correct answer feedback, feedback. and others. 

Another way to chunk information into smaller pieces as suggested by Shneiderman, Kreitzberg, 

and Berk (1991) relates to identiJYing 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 OWl1 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 ofhyperte)'l links. 

• Identify the domain of discourse so that a context is established. Meaningfulness is highly 

dependent upon conte).1. For exarrple, the phrase "I want to press a suit" has a very 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 infortnation 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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• Identify details that the learner can obtain to e.laborate 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 or h~-perte\l courseware 

Unstructured knowledge bases store all information fragments randomly. Learners have to type a 

key to stan the link between screens. They give learners the maximum flexib ility of association at 

the price of being fully responsible fo r the success of their OWl1 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 fonnats . 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 infonnation. However, 

many learners are sidetracked to view unimportant infonnation and are lost in navigation (Yang 

and Moore 1995. Barker 1993, Littleford 1991 , Gay and Maruz 1991). Therefore, to achieve 

better results, certain presentation flo\\ 's are proposed to limit the learner control of navigating in 

the hyperspace. 

The presentation flow of courseware can be viewed !Tom 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 '.foore 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 objecti\'es are, the critical instructional elements remain the same. 
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Table 5.1 :. lnternal Learning Needs with External Instructional Events 

To enhance hype next 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 hypenext courseware is shown 

in Figure 5.2. This presentation (low 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 is 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. [n the end page. statistical information about the learning process and 

suggestions for further studies are presented. [t provides reflection and recommendation 

concerning the learners' cognitive strategies and future transier. 

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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Figur<! 5.2 Presentation flow with instructional events 
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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 \: Preparation and Planning 

I 
y 

ILesson I iLesson 2 Lesson n 

I
Pha:e 2 
Phase 3 
IPhase 4: 
[Phase 5: 

Predesign 
Design 

y 
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Y 

Programming and Formative evaluation 
Summative Evaluation 

Figure 5.3 Course .... ,are d.!sign model 
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Each of the five phases is made of the follo\\ ing detailed activities. 

Defining a course where CAl could be used 

Identification of the target population 

Drawing up a project plan 

Appointment of a courseware development tearn 

Setting up instructional and design strategies 

Choosing authoring software 

F'gure 1.4 Phase I, Preparation and Planning 

IdentifY topics for CAl 

Identify support material 

Discuss ideas with design tearn 

Figure 5.5 Phase 2: P'redcsign 

2 
Setup self-tests 

Evaluation by tearn 

3 
Tutorial matter 

Figure .5.6 Phase 3: D.:sign 
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Revision 
Cycle 
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Another model advocated by Barker and Manji (1992) dictates that, a typical courseware 

engineering exercise include: need analysis; requirement specification; insTructional design; 

prototyping courseware; implemelllation; evaillation mId testing: bulk production; distribution 

mId 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 tearn members for the various design stages. The design tearn 

approach relies heavily on the effecti ve communication between different members of the tearn 

including up-to-date paper work and documentation. 
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Another more sophisticated model suggested by Ahmed-Oumer (1993) is the Computer 

Assisted Courseware Engineering (CACE) for industrial application called AGEDI (Atelier de 

GEnie Dldacticiel). 

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 (lCAl) 

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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Another model in the field is the Instructional System Design (ISO) The general term that refers 

to the systematic approach to the design and de\'elopment of instructional materials regardless of 

the medium is Instructional Svstems Design (O'Neil 1981 and Rosenberg, 1982). It provides a 

procedure for systematically 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 ISO methodology, most are based on five phase model, 

i.e., analysis. design. de\·elopmem. implementation. and evaluation as indicated in the figure 5. 11 . 
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Design 

Evaluation 

Figure 5.11 \Iajor phases of lSD 

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

5.12 through 5.15. The evaluation measures are also indicated. 
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DEVELOPMENT 

· .-\r~ the test \'lJid and rdiablc 
· ,-w Ill\! io:'SSOll 5crf\.-' lS properly delgrl!.-d 
· .-\r~ 1Il<! progr:uns free from ~ 
· Is u'k.'re propo.'f oo.'\lIllaltation 

Figure 5 . 1~ IXn!lopm<.'111 phase! 

INPUT 
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lc~ware J IMPLEMENT AnON 
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· Do.:s t1'll! ~'OlJrs...'\\·ar..: 1l ....... -ds modification 

Fi g.ure 5.15 Impl~ll<.'tlt:1tion plklSl! 

s..~flow 

OUTPUT 

I l 
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.. 1Jll.fS<!'\\"3re 

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 CTagg and Lo,is 1988). 
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2. AGED! 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) 

3. The !SD approach is criticized for specifYing only what is to be done and not how to 

do it (O'Neil 198 1) 

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. 

l Content and structure Specification 
I 

I Scripting I 

I Text Production I 

L Integration. Interlinking and S!llchronization J 

I haluation and Testing ) 

I Mastering I 

I RepiiC<1tion I 

I Distribution I 

Figure 5.16 Basi.: hypo ... "':.\1 ck\"e!opnMl1 modd. 
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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 thi s approach will be the use of iteration and 

back-tracking in order to identify 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 proj ect first , the nature of the basic 

processes invo lved and second, the rough order in which these different processes should be 

performed. Many of the basic processes listed in the fi gure, such as content and structure 

specification, sc ripting 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 Harri son 199 1). 

The above approaches deal \\;th problems in a sequential and linear fashion \vhich 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 (Alaas 1987). 

5.4,1 Using prototypes 

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

the linear development model described earli er 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 infonnation 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 model 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 availabi li ty 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. 

Figure S.17 Prototyping 

PHASE 

Definition 

Development 

'vIaintenance 

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 identifY 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 10 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 "d oore (1 995) 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 fo r 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 funclions and performances desired, and the validation 

criteria required . This helps to idemify the key requiremems of the system and the softviare. 

Hence, in reference to the cu rrem srudy, the course com em for the courseware; the srudent 

requirement, to identi fy the entry level fo r 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 firsl out of the various courses on the 

subject offered by NCIC, the Irainees 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 

NC IC. 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 ofNCIC, 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 fi ve 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 familiarit y 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 avail able 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 appl ications and sections of codes which illustrate how to perform 

certain common tasks. It also enables to paste the syntax of all of its functi ons 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 fo nts directly. This made it 

difficult to direct ly 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 edito r 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 Development Phase 

6.2. 1 Quick Design 

The intended hypertext -based courseware delivery platform tS Microsoft Windows 

environment which is inherently capable of hand li ng interaction by almost any brand of 

mouse. Therefore, the courseware can be accessed by the learners usmg a mouse. The 

deci sion to access the courseware with a mouse is also influenced by the nature of the 

Amaharic environment. The Amaharic environment is relatively new 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 fi rst time computer users . However, to make 

the courseware more interactive, to make revi sio n of previously studied topics more 

convenient fo r 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 

users. 

The . .\maharic 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 infonnation 

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 offailure 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 sc reen 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 displa\ 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 hyperrext 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: 

l. Information 

2. Intellectual capability 

2.1 Discrimination 

2.2 Concrete concept 

2.3 Defined concept 

2.4 Rules 

2.5 Problem solving 

, Cognitive strategy J. 

4. Motor skill 

5. 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 separat e 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 al so 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 tfieir 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 measurab le way based on the expected learning outcomes. The Amaharic equivalent 

ofterrns describing performance such as locate, se lect, desc ribe. etc , are used to specify the 

objectives. These terms are useful in facilitating specifi cation 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 leamer'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. I. 

Index 

Credits 

Hdp 

Figure: 6_1 TIle structure of the cOllrs.:'ware 

Figure 6.2 shows the development flowchart of the courseware which reveals the controL It 

is derived from figure 6. I 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 li nks 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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Exercis 

Test 

Yes 
End 

Figure 6 .2 Development fl owchart orlhe coursware 
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Detail explanation of the screen flows is presented below. 

Screen TITLE 

Function: 

Linked to 

Screen Yl1Cn- ~Ij"'l 

Funct ion: 

Linked to 

Screen "'laJ."J, 

Function : 

Linked to 

Screen ou,,](U' 

Function : 

Linked to : 

Disp lays the courseware introduction 

Screen Yrffi ~Ij"'l 

Displays objectives of the courseware 

Screen "'laJ."J, 

Displays the courseware content 

Screen ou"]flY 

Screen ilI\ l1'1"UtC't 

Screen l1'1"UtC UCJ':'l:C 

Screen l1'1"UtC (1fi.t'l:C 

Screen r'1"UtC rou. 't.h,11') 

Screen YCO~t "'laJ."J, 

Displays the objectives of the topic ou"]fl Y 

Screen ou{),il "'l'l'C;! t overview 

Screen ouon Y"'l'l'H t ououHt;"'"f overview 

Screen ouc'.!\1 Y"'l'l'C;!\ MM ou17H overview 
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Screen auOn "'l'l''11. t overview 

Function : 

Linked to: 

Displays over. iew of the basic concept auLm "'l'l''11. t 

Screen auLA') "'l'l''11. t elaboratio n 

Screen auLA') Y"'l'l''11. t auauH',''P'f' overview 

Screen auLA') "'l'l''11. t elaboration 

Function: 

Linked to : 

Displays elaboration on the concept auLA') ",/'I''11.t 

Screen auLA') Y",/'I''11. t auauH',''P'f' overview 

Screen auLA') Y"'l'l''11. t auauH',''P'f overview 

Function: 

Linked to : 

Screen thM','H' 

Function : 

Linked to : 

Screen aJ.p:J''l'.)t 

Function : 

Displays an overview of the concept auOn f",/'I''11.t auauH',''P'f 

Screen thM',')t 

Screen aJ.p;l''l'.)t 

Screen 1j.'E}''''l)t 

Screen auLf,') f"'l'l''1A MM au,)7J!.'f overview 

Displays one of the three components of the concept auLf;') f",/'I''11. t 

auauH',''P'f 

Screen aJ.p;l''l'.)t 

Screen 1j.'Ej' ",/)t 

Screen auLA') f"'l'l''1A MM au,)7J!. 'f overview 

Displays one of the three components of the concept auLf,') f",/'I''11. t 

auauH',''P'f' 



Screen rj.:f.f' "'lit 

Function: 

Screen thht\lj'it 

Screen Ii-:U "'lit 
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Screen auOn f"'l1'~11 MM au11f!.'f overview 

Displays one of the three components of the concept auLII1 f"'l1'~! t 

auauH'i'P'f 

Screen thM'iit 

Screen (I)<l>:t'Eit 

Screen auLII1 f"'l1'~11 MM au11p.'f· overview 

Screen auLII1 f"'l1'~1\ MM au11f!.'f overview 

Function: 

Linked to : 

Di splays overview of the concept auOn f"'l1'~1\ MM au17f!.'f 

Screen auLI\1 f"'l1'~1\ MM au17f!. i· elaboration 

Screen n~aJ. auLII1 "'l1'~H 

Screen nMh'rC' "'l,~'L~'E au'}7J': auLI\1 "'l1'~H 

Screen nA,t\'htC''L~'E au'}?J': auLP,1 "'l1'~H 

Screen au6\auP,'P'f 

Screen auLII1 f"'l1'~1\ MM au17f!.'f elaboration 

Function : 

Linked to: 

Displays elaboration of the concept auLII1 f"'l1'~11 MM au17f!.'f 

Screen n~aJ. auLI\1 "'l1'~H 

Screen nMhtC' "'l,~'L~'E au17J': auLII1 "'l1'~! t 

Screen nMhtC''L~'E au17J': auLI\1 "'l1'~H 

Screen au6\aul\'P'f 
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Screen O~al- tJUun '''HH t 

Function : 

Linked to: 

Displays one of the three components of the concept tJUt)n Y"'l'l'1J1l 

MM tJU,}7J!.'f 

Screen OMhN:' '''/,tl't.tj'f. tJU,}7f: tJULIl'} "'lcJ>IJH 

Screen OMhtC''Ltj'f. tJU,}7f: tJULIl'} "'lcJ>H t 

Screen tJU6\tJUlI'i''f 

Screen OMhtC' "'1tj't.tj'f. tJU,}7f: tJULIl'} "'lcJ>U. t 

Function: 

Linked to: 

Displays one of the three components of the concept tJULIl'} Y'"lcJ>1J1l 

MM tJU,}7J!.'f 

Screen OOal- tJULIl'} '"lcJ>1J H 

Screen OMhtC''Ltj'f. tJU,}7f: tJUt,1I'} '"lcJ>H t 

Screen tJU6\tJUlI'i''f 

Screen OMhtC''L tj'f. tJU,}7f: tJULIl') '"lcJ>U. t 

Function: 

Linked to: 

Screen tJU6\tJUlI'i''f 

Funct ion: 

Linked to : 

Screen tJUtJU6J' 

Disp lays one of the three components of the concept OlJLII,) Y'"l'l'1J1l 

MM 0lJ,)7J!.'f 

Screen mal- tJULIl') '"lcJ>IJH 

Screen OMh-l'C' "'1tj'Ltj'f. tJU,}7f: tJULIl') '"lcJ>IJH 

Screen 0lJ6\0lJ1I'i''f 

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

Screen OlJtJU6J' 



Function: 

Linked to: 
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Displays instruction for doing the exercises. 

Screen Oou"lfl.,I' ou6\oul\ 

Screen M r'1"UtC ou6\oul\ 

Screen Or'fOUtC IICJ': 'CC ou6\oul\ 

Screen Or'fOUtC (Iii- t'CC OU6\oul\ 

Screen Or'1"UtC r(1U.i.h,7i/ OU6\OUl\ 

Screen Ol1U"Ifl.,I' l1U6\l1U1\ 

Function: 

Linked to: 

Screen 'fOIJH,} .eJ':7(1U. 

Funct ion : 

Linked to: 

Displays exercises on the first lesson 

Screen 'fO(J(,.4-') .eJ': 7(1U. 

Screen aJ.e, "'1..'1' rr Aa>- 'fOIJt-1i- .eM 

Displays Information to repeat this lesson 

Screen "'IaJ."I, 

Screen aJ.e. "'L <j> 'l'AaJ. 'fO Ot- ii- .eM 

Funct ion: 

Linked to: 

Screen "'Iot.n 

Function : 

Linked to: 

Displays Information to proceed to the next lesson 

Screen "'lOUr 

Screen ft<YI;l;1'aJ. rr N'P'f 

Displays congratulatory complements 

Screen "'IaJ."I, 

Screen ft<YI;l;1'aJ. rr ,I''i'P'f 



Function: 

Linked to : 
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Displays list of mistakes which are linked to the appropriate topic. 

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 thi s 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 word processor 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 

exponing of text into different text formats Saving the Amaharic text in the format Text 

with Layout was found successful. 

AJthough 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 stam with a Title screen, which is anistically 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 Titl<! Screen 

-

The Title page is followed by the Objectives screen which is designed to clearly 

communicate the expected results of this courseware (see figure 65) 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. 

frC()' W'l 

.eiJl rCo til1l ~4':J'W n:w f"'LhttHl "'Ih'iaJi .emnop~'f:l.b\I 

I. M ""L~1 "'I4'~ H ""~U'l'. hli-tH ~~ Mill He, "'L.I' 0'<'6\" / 
"'IaJop 

2. nr'1"UtC ""oh ro-h'l' Mn- ~~rrH :J'~t "'IaJop 

3. r'1"UtC"f i\.Y.1.n f"'L'ftHl~ f"'l.e'ftHl ~M ""O\t 

4. fr'1"UtC1 M M hli-A-'f (l/C?:'CC~ ~li-t'CC ) "'IaJop 

5. M ""L-II ""~Lt'l'. 1/~f11. "'IaJop 

Figure 6.5 Obj.:ctivots Scuen 

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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ou"1ll!' 

Mr'l"UtO 

r'l"Ut( lJC.t'l:C 

r'l"Ut( (lli.t~ 

r'l"Ut( turo-th.111 

!'Cant "'la>-"\. 

Figure 6.6 ControLS Scre<!TI 
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When a topic is selected, the objectives screen for that topic with the main module names 

made hypertexts is displayed (see figure 6.7). 

'"',,)Il!' 

,Wl 'l"Mij, ti/TIl'f:/'W n:l.~::: 

rouc:'.p.1 "'l4'I'H1 'l"1\t: 

'"'1,~1 r"'l4'H t ououl''!'P"f11' 

ouc:'.~1 r"'!4'I'~ M M ,",')1f'"f1 

"'!lDo\> .emn¥Tf:l.6\" 

Figure 6.7 \1:110 T "'PI': Obj<."~"l.J\·<."s 5 .... ':<."11 

F rom 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. bv alerting them to see related items before proceeding to a new 

topic, by providing a wav to retrace their paths to refer to a previous topic . Figures 6.8 , and 

6.9 shows screens for o\erviews and elaborations. 
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After the tutorial on each topic, the students are made to do practical exercises. Each 

exercise has a feedback on successfu l and unsuccessful answers. If a student scores below a 

certain level s/he is made to repeat the topi c. 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 demonstrati on of thess screens . 
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-11 6-

When learners finish the whole tutorial they are made to take a test. The test presents the 

test instruction sc reen 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 examinatio ns 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 butlon\lilJlj 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 stud ies. 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 

select ing the Kg button at any time. The information is also presented after the title 

screen fo r first time users. It can be made not to appear bv selecting a check box. 

Learners can leaw the courseware at any time fro m am sc reen by clicking on the (:Qfimfil 

button. 

6.3 Implementation 

The courseware is developed using KnowledgePro for Windows (Version 2 .5 1) 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 capacitv computers capable of running 

Windows due to their unavailab ility. Therefo re, the minimum s'·stem 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 remai ning topics, the system can be full y 

implemented. 

Currently SISA doesn't have KPWfN 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, thi s demonstartion courseware needs the KnowledgePro 

environment to run in the background. 

The courseware consists of one maIO 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 ti tle Hypertext-Based .A.maharic 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. 

I . 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 it s 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 following conclusion is made. 

I. 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 fie ld of computers is also strongly felt 

by many organizations 

The study has identified that there is a need fo r 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 cit ies of the country. 

2. It was also identified that except for those involved in the profess ion. 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 

instruciors. 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 acqui re in training institutions sustainable. 

4. 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 ident ified to be the federal 

working language, medium of inst ruction in most schools, medium of communication in 

business, and having its own sc ript s. The development of the courseware in Amaharic is 

therefore advantageous. 

5. 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 thi s has a negative effect on students who come with the expectation of 

some interaction with computers. Due to this and other reasons it was fo und to be more 

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

6. 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 ed itors. 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 spec ific 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. Like",ise the hypertext 



-1 21-

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 addit ion. 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 fo llowing measures should have to 

be taken. 



-122-

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 infonnation in a fiiendly 

environment which can handle the Amaharic scripts. That is, the editing of the compli cated 

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 wo rd 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 specifi cation, 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 conditi on is favourable to perfonn the above mentioned test. The courseware 

can be installed for one group and the other group can proceed in the customal)' fas hion. 
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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 perfonnance of the courseware in real life testing 

environment among both novice and expert users. This test can be done by installing the 

courseware fo r 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 beli eved 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 (HYPER1.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 thi s main program. 

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

*) 

#include exers.ckb 
#include tests.ckb 
tit le 0 

(*=== 

setup O. 

MATI\ ====*) 

fi le is 'f:\home\girma\hyper\lessons.dat'. 
getfile O. 
show_windowewl ). 
hlp_info is read_char ('f:\home\girma\hyper\help.inf). 
close ('f:\home\girma\hyper\hel p. inf) . 
if ?Wp_info = f 

then help 0 
objectives O. 

(*==== Lessons Data Handler ===== *) 

topic get file . 
setJocus Cwl) . 
if ?file is [J 

then exit O. 
message is read Cfile,'//','//') . 
close (?file) . 
set title (?wmain,'Hypertext-Based Courseware in Amaharic'). 
top is string_replace (first Cmessage),'//') . 
list is [J . 
mark C top) . 

end. 
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(* ==== Topics fo r the Buttons 

topic objectives. 
set focus ("w I). 
mark (,frC()' W'1') 

end. (*objectives*) 

topic Content. 
set focus ("w I) . 
iflast (?Ii st) <> "top then mark ("to p) . 

end. 

topic Back. 
setJocus Cw l) 
iflist length ("list) = I 

then mark ("top) 
else 

list is sublist (" li st, 1, li stJength (?Iist) - I) and 
item is last (?Iist) and 
list is sublist ("list, I, li stJength ("li st) - I) and 
(if ?item is help 

then help 0 
else mark ("item)) 

end. (* Back *) 

topic Exercise (section) . 
if get_text ("b4) <> 'ou6\oul\' 
then set text ("b4 ,'OU6\OUI\') and 

hide_ window ("wq) and 
show window ("w I) and 
getfile 0 

else set text C b4,'t'P'\JCt') and 
hide_window ("w I) and 
show_window ("wq) and 
instruction 0 and 
Questions ("section) and 
result 0 
set_text ("b4,'OU6\OUI\'). 
content O. 

end. (* exercise selecto r *) 

(* === fNSTRUCTIONS 

topic instruction . 

===*) 

text ('#e t\ "'/.. </'CIM 'P rr Y~'P'f t~ "'I"'/.. iaJ. flt\aJ. you). nt'} 'P'C"']. 
h6'1' l'Jt\aJ. hfl aJ.~rr irrfl n"'lJ':L"I ,e'P'L(J} :::: 

ou6\(l1i'} ni,C"Im'lit houL(J} n~" ,e'lL'P' f"'/..t\aJ. '} Mfi. nou'P'L rr 
aJ. m, t'P,} ,eou Nrl'::: 
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M' Uf" f"'Li\aJ. ') Mfi. hou'1"t. 'r'P 06.t "'IT~aJ. ')'1" ou6\il i\ "'Iilt~h6\ 
.l\ t* ::: i\ "'Iilt~h6\ ~!L'" ') OU£\il'P,) .l\'1"U)J. :::: l'ra. CDR, '1"1'. ,",,'P t'lt£\'Pti\ to:::') 

button C.l\'I"\'£\',continue, 10, 23) 
wait 0 

end. C*instruction *) 

C* ==== EXERCISES ON EACH LESSON 

topic 'ou£\ouPj ~,)J': '. C* on lesson one*) 
exercise(,ou"lflY'). 

end. 

topic 'ou£\ouPj l).r\t, . C* on lesson two*) 
exerciseCili\ P'1"UtC't') 

end. 

topic 'OU£\ouPj rilt'. C* on lesson three*) 
exerci seCP'1"UtC UCJ':~C ') 

end. 

topic 'OU£\ouPj M·t' . C* on lesson four*) 
exerciseCP'1"UtC rH~C') 

end. 

topic 'ou£\ouPj ~'1"ilt'. C* on lesson five*) 
exerciseCP'1"UtC pon. Lh,i'i')') 

end. 

topic exercises. C* on a selected lesson*) 
exercise O. 

end. C* end exercises block *) 

topic test. 
hide .vindow Cw l). 
show window Cwq). 
instruction 0 
test_quest 0 
feedback 0 

end. C* test *) 

topic credits . 
markC~r\fl,tlt') 

end . C*credits*) 

topic Help. 
setJocus (?w 1). 
iflast Clist) is 'Help' 

==== *) 



then exit O. 
list gets Help . 

show_window (?wq). 
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text C#e #rb y6lj~t6ljt!'ar fimN'1" (11J"I(\~#rd 

fiL ')~!\.ar 8tH· U.B TC 'thht .B~II6\:::: t'l..(11J[(]H t m 6lj6 (11Jc'li Y (11J1fJ6\ '1':1' 6\:=: 
(\ (11J '1" L '1' Y 6lj ar ~ </'~:J; ') m £.Il- fl(11J arll~ 6lj ar1. ') .B~ 'r m.B '1" P:I' (11Jmll ij'') 
tmq.(11Jar </'M') hfi')!'r U.BTC'thht m£.Mar n</,~q.ll-lJ (\(11J'1"L'l' .B"I~,) .B~'r ::: 

#mJ,U W.BTC'th~t '1"Uf(\. jar#m Mtt .B'1"LI1H 

Y 6lj~t6ljU ar ') ,}II6lj (\ 6ljYt #bgray ,}II6lj #d Y"'l.t\ar ') Mfi. .B'1"LI1h: 

m£. (11J!(11Jt!'ar ~M,) (\(11JLlJ': #bgray 6ljar~ #d Y"'l.t\ar,) Mfi. .B'1"LI1}:=: 

fi,)~ ~M,) m£. :'III t\(11J(11JM #bgray m£.:'III #d Y"'l.t\ar ') Mfi. .B'1"LIl)':::: 

(11J 6\ (11J Pi 'I' 'f ') t\ (11J ~ 6-t # b gray (11J 6\ (11J Pi #d Y DTLt\ ar ') ~6\ fi. .B '1" L (J} :::: 

/,.. tlJ t\(11J~6-t #bgray /,.. tlJ #d Y"'l.t\ar ') Mfi. .B'1"L(J}:::: 

.BU') (11J"It\~ (\6ljYt #bgray (11J"It\6iJ, #d YDTL(\ar,) Mfi. .B'1"L(J}:::: 

h6lj~t6ljU ar (\(11JarlfJt #bgray m C~ #d Y "'l.t\ar ') Mfi. .B'1"L(J} ::::') 

topic '.BU W.BTC'thht '1"Uf(\. jar' 

text C#XI #y23 #fred "bcyan (\'~ (11JCm'l'6\:;: fi,)"IIlU (\,(\-,, ')'1" fi,)lllJ. .B'1"L(J} #d'). 
wait(,2) . 
location is search_text (?wq, , (\'~ (11JCm'l'M fi,)"IIlU (\,(\-,,')'1" fi,)lllJ. .B'1"L(J}') 
select_text ("wq, "location) 
wait (,2). 
delete_selected_text ("wq, ?Iocation). 

end. (* a hypertext example ') 

set_displayyos (1 ,24). 
hlp _info is read_char Cf: \home\gi rma \hyper\help.inf') . 
close Cf: \home\girma\hyper\help. inf') . 
cb is check_box ('.BU (11J"It\~ (11J !(11JU II.B M'1"rTJ',checked", "hlp_info) 

topic checked. 
new_file ('f\home\girma\hyper\help.inf') . 
if get_check_box Ccb) 

then write ('f:\home\girma\hyper\help.inf',t) 
else write Cf:\home\girma\hyperlhelp.inf',t). 

close ('f:\home\girma\hyper\hel p. inr). 
end. ('checked') 

button CM'l'6'I ', back, 55, 23) 



wait 0 

end. (*Help') 

topic Quit. 
exit_kpO· 

end. (* Quit *) 

-137-

(* = === TOPIC TO CLEAN UP ON EXIT ==== *) 

topic Finish. 
clear O. 

end. 

(*= = ==. MARK - HYPERTEXT HAi''IDLER ===,== *) 

topic mark (item). 
list gets0item. 
displayText is read (?file, concat (,11',?item) ,'11') . 
iPdisplayText is number _to _char (26) 

then displayText is ' 

i\ 1Jl,tn. (]lJ c')'i f i\ aJ. 'fD '. 
set text (?w l,[#rb,?item,#rd , ?displayText] ). 
set_ fiJeyos (?file ,O,beginning). 

end . (*mark*) 

(* == 

topic en. 
useJont (?engFont). 

end . 

topic b. 
useJont (?titleFont) . 

end. 

topic d . 
useJont (?mainFont) . 

end. 

topic i. 
useJont CitalicFont) . 

end. 

(*=== 

topic setup. 

SELECT FONTS 

SETUP 

*) 

*) 
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wMain is window (Finish,3 , 1,88,30, ,[popup, thinFrame,TitleBar] , , , , ) . 
wB is window ( , I, I , 100,2. ,[child , di sabled, siblings, showChildren] , ?wmain, ,gray). 
buttonF om is create_char Jont ( [I , I . 5,400,'F','F','F',0, I ,34,'AGF - Zemen']). 
use font C buttonFont,COC'lTROL) 
show window (?wB). 
b I is button (,'}I\dll',objectives.l , I , II ) 
b2 is button (, dllQJ.6iJ,' ,comem.12, I , II ) 
b3 is button (' al.e.~I\ ' , back.23.1 , II) 
b4 is button (,01l6\01lr.' ,exercises,3 4, I, II ). 
bS is button (,i.t'1',rest,45 , 1, 11). 
b6 is button ('~t\(]'tW,credits,56, i , II) 
b7 is button (,01l"1t\6iJ, ',help,67, I , II) . 
bS is button ('m C~' , quit, 78, I, I I ). 
enable window Cwb). 
w i is window ( , 10,4, element (window_info ("wMain), 10), 

element (window_info CwMain), 11)-4" [child , siblings, showChildren] ,?wmain). 
wq is window (, 10,4, 78, 26" [child, showchildren, siblings], ?wMain) . 
engFont is create_char Jom ( [ I, 1.2S,400,'F','F','F',0, 1,34,'Arial']). 
mainFont is create_charJom ( [I , I .2S,400,'F','F','F',0, 1,34,'AGF - Rejim']). 
italicFont is create_char Jont ( [I , 1.25 ,400,'T','F','F',0, 1,34,'AGF - Rejim']) . 
hyperF ont is create_char Jont ( [I , l.2S,400,'F','T','F',0, I ,34,'AGF - Rejim']) . 
titleFont is create_charJ ont ([I , l.5,400,'T','F','F',0, 1,34,'.-\GF - Rejim']) . 
useJont ("mainFont) 
iflast (system_info ()) > 2 

then :color is grecn. 
else :color is black. 

hyper_di splay (?color" ?hyperF om). 
show_window Cwmain) 
li st is [] . 

end. 

(* TiTLE SCREEN *) 
topic title. 

titlescr is load _ bitmap('f:\home\girma\hyper\titlescr. bmp'). 
window (, I, I, 102,30,'Hypertext-Based Courseware in Amaharic') . 
bitmap (?titlescr, I , 1,90.27) . 
zemen is create_charJom ([I , l.5 ,400,f,f,f,O, 1,34,'AGF - Zemen']) . 
use font (?zemen, control) . 
button ('M'I'6\',Continue,43 ,2S). 
wait (, is). 
close_window O. 
delete bitmap Ctitlescr) 
delete font Czemen). 

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

#mOU"/(U' M'm 

#mM r'P'Utn#m 

#mr'P'UtC Uct<gC#m 

#mr'P'UtC I"i-t<gC#m 

#mr'P'UtC ron. 'Ltb7n#m 

UUfrC()' 'W'l 

.eLI'} rCf! l"Jm~f:"W n~~: f4'l..htl\- ')-1 "'Ih~an .emnq.~f~6\I 

\. M out')\1 "'If~H OU~U'l'. h~ i\· i· A~ i\'P'1 A1i.4'l..YfIU\"1 "'I11lq. 

2. Or'P'Ut C ouflh (l}fl'r MI\- '/<'f(lH :"ftt "'I11l<\' 

3. p'P'utn i\...f.e.C'). f4'l..tH1~ f"'l.efH1 i\M ouL~ 

4. fp'P'UtC1 M M h~ (\of (l/ct<gC~ rH<gC) "'I11lq. 
5, M ouL {I OUI~U'l'. ~~rf "'I11lq. 

#fred #ri 1Ili. =m"'l(l}~#m(l} .e'Ur #d #rd 

UU J'Cof!t "'I(1}~ 

#mouLJl1 "'If~H#m #t#t#mouLJl1 f"'lf~Jl M M ou17~t#m 

#mouLJl1 f"'lf~Jl crocroH'!'Pf#m#t#m"'l'tJi.L t(l}fI:T#m 

#m!!. U#m#t=t #t#mn~(I} croLJl1 "'IfH. t #m 

#rnOMhtC' "'l,l"J'Ll"J'l'. ou17J': croOn "'If~l t #m 

#rnOMhtC''Ll"J'l'. cro17J': croLJl1 "'If~H#m 

#mfl t#m;h#t:h#m~f! !!.f!t'P'#m 

#m~.et#m#t=t#t#m~.elt, pJ': J': I\,!I. "'Ib\#m 

#mn"'l,t,l"J1 f!:T'I~CJ': pJ': ~C IL 1~C"'l,7n IL 1tC't1J('#m 

#mP'P'UtCi'm#t#t#mPJ': f"'lJ':t'.1Y HP"'Pi'#m 
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#fred <l'6?,,,1 (\61!Yt #mfC~t 61!aJ.~ <l'11J.e:im1.eqnl'.(J} 

UUfC~t 61!aJ.~ <l'11J.e 

#malC.e:#m#t#t#maJ.~'l'. 61!'tJ.e.1'. taJ.~:r=m 

#maJ.l1Jt hfi.6\#m#t#mY\1qnUtC YMl1Jmc ~C'ln;im 

#m"l~t hfi.6\#m 

#fred #ri a1.e. #m61!aJ.~#maJ. .elU\· ;id ~rd 

UU~i\f],t~t 

.e'tJ rr:"Ic'rqn nJ!. / c It. It. faJ.J':6'i nM- ):J M61!W· n61!1'J6)t nM- "IC61! M(\') YtHn. ~aJ. :=: M­
"IC61! .e.~(\') nM.~ nm ¥'t.nClLt nnfi.61'J Ylt.16:'C"'l.l11 rr'it t / f],t YJ':'tJL qnLt t61!6 ~aJ.:=: 

Y\1Cr'I- .eHt nll(h,c'r'l'. Y\1qnUtC'i It. ,)6:'C"'l.)j,) 61!t'lh6\ h"'UlmaJ. #ren Introduction to 
Computers #rd \1C~ Ytal~.e. )aJ. :::: 

U U(JU"IrL f 

.e'tJ1 qnt'lc'rfi. I'Jm'i<l'ttlJ. n?,,:;: 

Y#m(JUun 61!<I'U. t #m'} qn1)t :­

#m(JUon Y61!<I''i1l (JU(JUH't'P'f#m 1'i:­

#m(JU1'.1I1 Y61!<I''i1l M M (JU,)7J!.'f=m') 

61!a1q. .emnq.~'f?'6\:::: 

UU(JULI\1 61!<I''iH 

(JU1'.1I1 61!<I''iH qn1J':)aJ. #ren 0 #rd 

(JU 1'.111 61! <1''1 H (JU 1'.111 Y (JU<I' n6\:- <I'.e. '11' 11 A- nt.e. i71 'tJ "I (JU ()J I'. t (JU L 111 Y (JU (\ aI rr:- t8 aJ. m t 1 
Y61!"1 jt t,1q.~m ~aJ.:::: 

(JU1'.1I1 61!<I''iH thM't (JU1'.1I1 nt7rLaJ. 'lJ!, (\"'l.(JU(\ntaJ. (thM'taJ.) ~aJ. t,1Pt.f7 jaJ. 61!J':1'. "I 
m'l''''' "1[1- nn 'LH ~aJ. :::: 

U u(JUun 61! 'I''i H 61!llc'rU 

(JU L 111 61! 'I' '1 H t h M 't (JU 1'.111 nt 7fl. aJ. 'lJ!, (\ "'l. (JU (\nt aJ. (t h M 't aJ.) ~aJ. t, 1 Pt. f 7J aJ. 61! J':I'. "I 
m'l''''' "7[1- Ytf) Ut )aJ. :::: 
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fd'/<J>lJH 'U.t t(){]llr 1']A croOI aJ.1l'r A"'lcroAhtaJ. lt1']6\ Ii-'E J'AaJ. croMht d'/<l'{.{1 
(d'/lltl\AIi-) ;, ')U6\ t7fLaJ. ') (M6.I\laJ. '») ;'aJ.l:r cro'l"{' 'r,)lJ d'/mlJ<J>[,) J'1']t:r 6\::: 

It ')f: It'l''H f:CH M (\, <l'C16iJ,~'f: lJJt-tll''f tJIi. t~ '1"[ tlJ tm~6'P'f oS t;.tlJ ;, ,)1llJ. 'I" ~,l'. ')IJ'!'. 
'1"['1"[') A d'/f: {. "I croon d'/<J>lJ H M:"I 71116.1\1 ').~,l'. ,l'.lflJ 6\::: 0'1"['1"[ M: Od'/'I"{' t 'U. t: 
moJ' : Oot-Ni' H,l'. mHt, Mn.e aJ.~'!. Acrollmt Y"'lJ'IlM thM~ cro{.!\ Om<l"" d'/"I it 
f"'l'flt lJ1=aJ. ~.emf:'/l crollA<l',) Y;rlt:::: 

#fred #ri <J>'rAaJ. #mcro{.!\') Yd'/'/'lJl\ crocroH~'P'f ;;'m ') .ecro6\h'l: #d #rd 

UUcro{.!\') Yd'/'/'lJ!\ crocroH~'P'f 

cro{.!\ It')f:') M Ad'/hlJm,)lJ lU':t:') i\cro~l1Jm[ Y"'lJ'IlM ;,,)Illf,) (lilt crocroH~'P'f,) d'/"11\t 
MOt I MiI-'I"I #mthM~lt#m: #mm<l':r'l'.lt ;;'mlJ: Ii-:E J'AaJ. crolf') (#mli-Ud'/lt#m) lJ1=aJ.::: 

UUthM~lt 

It')* croc',!\') Yd'/<J>lJ!\ crocroH~ thM~l'~ laJ.:::: 
m£, d'/'/'lJH Il[lt'" Y"'l7~aJ. croc',!\ thM~ crolf') MOt:::: croc',!\aJ.') Od'/'/'lJH 'U.t f"'l.:rAIi-Ot 
M,)~')* £,c',I\'I" thM~ crolf'~ MOt:::: 

nt~d'/:t #mm<l':r'l'.lt#m ,)lJ #mli-Ud'/lt#m') .ecro6\h'l: 

#fred #ri 3'1:') croc',!\') Yd'/<J>lJ!\ crocroH~'P'f htcroi\h'l: O~I\ 
#mcroc',!\') Yd'/'/'lJ!\ M M cro,)'l)!''f#m') .ecro6\h'J: #d #rd 

UUm<l':r'l'.lt 

It ')* croc',!\') Yd'/'/'lJ!\ crocroH~ m<l':T'I'.lt laJ. :::: 
H"IM Y<J>c',O thM~ croc',!\ m<l'I\I\aJ.') croc',!\ J'Ad'/"I H,) J'V6\ 'P;JfLlllaJ.::: (,l'.V'I" d'/At ycroc',!\ 
d'/<J>lJ!\ Il['lt 6.11J,) ;, ,)Illf,) .em.ef6\):::: 

Ot~d'/~' #mthM~lt#m,)lJ #mHJ'd'/lt#m') .ecro6\h'l: 

#fred #ri 3'1:') croUi') Yd'/'/'lJl\ crocroH~'Pi' htcroAh'l: O~I\ 
#mcroc',!\') fd'/'/'lJ!\ M M cro,)7)!' t #m ') ,l'.cro6\h'J: #d #rd 

UUIi-Ud'/lt 

It')* croc',I\') fd'/<J>lJ!\ crocroH~ HJ'd'/lt laJ.:::: 
hcroc',!\ d'/<J>lJ!\ 'U.t f"'l. ')'faJ. croc',!\ Atmf"'l'Pt Ii-:E J'AaJ. crolf,) MOtI d'/At'l" 

U) croc',!\aJ. Atmf"'l'P1l Ii-A''1t Y"'lcro'r,)lJ t7fL crolf,) MOt 

A) Y"'l <J>[oaJ. 6TC t .I' A'f"l[ f"'l'llHrH crolf') MO'r:::: f 6TC'" <l'[~'I" Ifl ,l'.Ht O<J>I\1t f"'llO{llJ 
f"'l.'l~ crolf') MOt:::: 

Ot~d'/:t #mthM~lt#m ,)lJ #mm<l':T'I'.lt#m') ,l'.cro6\h'l: 

#fred #ri 3't:') croOn fd'/'/'lJ!\ crocroH~'P'f htcroAh't: O~I\ 
#mcroc',!\') fd'/'/'lJ!\ M M cro,)'lf,t #m') ,l'.cro6\h'J: #d #rd 

!J!Jcroc',1\') Yd'/'/'lJ!\ M M cro,)'l)!' t 
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lJ.(\-'1D q,e)t M ouon Y"'l'l'~H /i-t\'lH MtI nIHJ'1" YWI hMl\! 1i-t\'lH ;1C Y41l. (lj1lJ'1" 
out}n Y"'l'l'~1\ HI\, ou'1"L'l' Mnt:::: MIL\!'1" HI\,'P"f #mn~aJ. ouon "'l'l'~H#m: #mnMhte 
"'l.~'L~'f ou,,!?!,: ouLI\'} "'l'l'~.e, t#m~: #mnMhtC''L~'f ou,,!?!,: ouon "'l<f'~.e, t #m ~TaJ.:=: 

Mm "'l6 "'l1lt-M' #mouLI\"! Y"'l</'~I\ M M ou"!?!'-"f "'l1lt-M' #m"! ,BOU6\trF 

uuouon f"'l'l'~1\ M M au"!?!'-"f "'l1lt-M' 

Mr'1" q,B)t ilt- ouLI\"! Y"'l'l'~H 1i-t\'lH MtI nlL\!'1" ~Wl hMl\! 1i-t\'lH ;JC Y41l.IIJIIJ'1" 
ouon Y"'l'l'~1\ HI\, ou'1"L'l' Mnt:::: 

Y ouLI\ "'l'l'~ 1\aJ. !i,B H~ ou~6.f' aJ. '1" fun ououL'l' Y (\nt ouo\ "'l'l'~ U"! I'tilt. t\1 ,I'£,L H 
"f"lC'"f1 (\ouli-tt Y41l.mMaJ. mm. fl'YMt ttwr nt"!t~aJ. t\,e nououilL t )aJ.:=: 
!in~"!~ lJ.'Jj" M ~,hM"F"! n"'l.YOU(\hi: ou,,!?),; ououH"! Mnt:::: 

#mn~aJ. ouLI\"! "'l<f'~ H #m "!: 
#mnMhtC' "'l.~'L~'f ou,,!?!,: ouon "'l'l'~H#m"!~: 
#mnMhtC''LlJ'f ou,,!?!,: ouLI\"! "'l'l'~.e,hm"! ,Bou6\hi::::: 

#fred #ri 3i:"! ouLI\"! f"'l'l'~1\ M M ou"!?!'-"f htou(\h'" n~t\ you.e,ou6.f'aJ. '1"1Jt-1i- Mtm~<f''I' 
#mOU6\oul\ !i"!!':#m"! ,Bil(. #d #rd 

uun~aJ. OULI\'} "'l'l'~ H 

ouLI\"! Y"'l</,~H ~t- n~aJ. (\.h~m"! ,B"ft\6\:::: nIL\! lib 1iIi'1"C' mL'I'H AC~il 'P)~'P~ ou~6.f''P"f 
~TaJ.:::: 

(\tm "'l6 "'l1lt-6.f' #mn~aJ. OULI\"! "'l'l'~ H "'l{]t-6.f' #m"! ,Bou6\trF 

~ilt.(\? #mouUi,,! Y"'l'l'~1\ M M ou,,!,)!,-"f "'lll£t6.f' #m "! ,Bou6\hi: 

nt~"'l~ #mnMhtC' "'l.~'L~'f OU')'JJ': ouLm "'l'l'~H#m"!~: #mnMhtC''L~'f ou"!')!': ouon 
"'l'l'~H#m') ,BOU6\hi::::: 

#fred #ri 3i:"! ouon Y"'l'l'~1\ M M ou,},)!'-"f htou(\h'" n~t\ you.e,ou6.f'aJ. '1"MIi- Mtm~<f''I' 
#mou6\oul\ !i"!!':#m"! ,Bil(. #d #rd 

uun~aJ. ouLm "'l'l'~H "'lll£t6.f' 

!i,,!q£t'f mn ou"!')!': oum'/. MilN YIn M "! Y~t- MilN !':CH (~'1"l'L) maJ. Y"'l.tJl1m)aJ. "! 
YouLl\ "'l<f'~1\ iiI\, nt U''1 Y'lj''P6\:::: 

ouLI\"! maJ. Y"'l<f'~H HI\, ~aJ. I\.~t nCllJ;F(\. tou~,B ilt-"! You£';1')'1" "f"1C n"'l;1mou.: 
Y~£l.tlf"f '1"C:I'ou)t aJ.il"! nouU''r (\ou{>lIJmc !iou~ ~(\OUU''r~ YA'1")t ouH6\ "f"lC 1\.tJ'lt 
nou;F(\.1iY1\, 'MH Y;1'l'ou.j'6\:::: ,B/J."! A"!~~ YouLI\aJ. oum"! Milt~ hU') m,B'1" 6TCi: 
Y"'l.<f'Cllnt nib ')£.11 ouLI\aJ."! (\"'l<f'~H h41l.Yilt.6\')aJ. lib;JC (uqac ~6. hU') m,B'1" 
YaJ.(Jl,i: thM'lH Y"1!': ~6\U') m.e'1" YnU oum"! Youo\ "'l'l'~1\ OU~6.f''P"f''! (\ou"7~t Y"'l.et.<l>!': 
hU') 'l'(.aJ. '1"C~ nilaJ. ouLI\"! Y"'l</'~I\ HI\, .eU'~6\:::: 

nt~"'lJ5: #mnMhtC' "'l.~'L~'f ou"!')!': ouLm "'l'l'~H#m')~: #mnMhtC''L~'f ou,,!?!,: ouon 
"'l'l'~ H #m "! .eou6\hi::::: 
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~il6.(\,) #maut.~') Y41!'I''11\ M M au')')~'f 41!{]t-6.t'#m') .eau6\tr\: 

#fred #ri 31:') aut.I\') f41!'1''11\ M M au')')~'f htaui\trJ: fr.\" Yau!au6.t'(I). '1"Ot-fi. Mtm'1'1''I' 
#mau6\au~ ,It1f:"'m ') .eil~ #d #rd 

UUOMtlt~ "'l,~'L~'E au')'))'; aut.I\') 41!'I''1H 

aut.1\ 41!'I''1H Mtlt~ au~'L~'l'. mn au')'))'; iLh'1co') .e'f'\6\:::: .e\J'1" im.iltbt 41!7l')'1 YM(I).,)t,)"l 41!7l,) Yaut'JM·t') MtI,t~ au~'L~ aut'JU'P'f Oau')6\76\ l(l).:=: 
(\tm 41!6 41!flt-U 
#mOMtlt~ "'l,~'L~ au')'))'; aut.1\') 41!'I''1H 41!flt-6.t' #m') .eau6\tr\: 

~il6.(\,) #maut.I\') Y41!'I''11\ M M au')')~'f 41!f1t-6.t' #m') .eau6\tr\: 

Ot~41!JI: #mf1t'lco. aut.~,) 41!'I''1H#m ')'1: 
#mOMtlt~'L~'l'. au')'))'; aut.1\') 41!'I''1H#m') 
.eau 6\trJ: :=: 

#fred #ri 31:') aut.1\') Y41!'I''1~ M M au')')~'f htau(\h1: 0:'1" Yau!auU(I). '1"Ot-fi. Mtm'1'1''I' #mau6\aul\ i'l '))';:rm ') .eil~ #d #rd 

UUOMtlt~ "'l,~'L~'l'. au')'))'; aut.1\') 41!'I''1H 41!f1t-6.f' 

Yi'l,)),; )';CJl:t M M.e.') (LllJ': haut.1\ 41!'I''11\ ilC~'J: ttltl(\i1': Yt".'l."'1: H .1'(\(1). aut.l\ Y41!"l'Yt fi."'l1:'1" i'lfl~ J'j';;J6\:=: OIL\J llL au'PM ,)'P.e') (\"'l,~'L~6\'1 Mtlt~'LtI aut'JU'P'f auau.e.fl f"l),;'1 crot.1\ Y41!'I''1H,)'1'' 'VIC 011.pt~ com. faufi.;r(l). au')'))'; .elY'16\:::: 

~il6.(\,) #maut.1\') Y41!'I''11\ M M au,),)p.'f 41!flt-U#m') .eau6\h1: 

Ot~41!JI: #mOr)(I). auon 41!'I''1 H #m ')'1: 
#mOMtlt~'L ~'l'. au')'))'; aut.1\') 41!'I''1H#m ') 
.eau6\tr\::=: 

#fred #ri 31:') aut.l\') Y41!'I''11\ M M au')')n htau(\h1: fr.\" Yau!au6.t'(I). '1"Ot-fi. Mtm'1'1''I' #mau6\aul\ i'l '))';#m ') .eil~ #d #rd 

UUOMtlt~'L~'l'. au')'))'; aut.1\') 41!'I''1H 

aut.1\') 41!'I''1H Mtltn~'l'.OlYl au')'))'; YP'1"UtC !lC~t') Oaum'l''1'' iLh'1CO,) .e'f'\6\:::: 
(\aut.1\ 41!'I''1H M YMtlt~'LtI £l1lt'J6!''P'f i'l')6\"IrH '\.e W'l..(I).(\-Ot 'lJj, hfi.t~ YlYl fi.'rlt'): ttlM'1lt,)'1: (I).(]l,;T41!l,t') J'!l,)~(\-:::: 

~il6.(\,) #maut.I\') Y41!'I''111 M M au')')~ 'f 41!flt-6.t' #m') .eau6\h1: 

Ot~41!~ #mtlr)(l). aut.1\') 41!'I''1 H #m ')'1: 
#mOMtlt~ "'l,tJ'Ltj'l'. au')'))'; aut.lI,) 41!'I''1H#m') .eau6\tr\::::: 

#fred #ri 31:') aut.1\') Y41!'I''11\ M M au,),)~'f htau(\h1: 0:'1" Yau!au6.t'(I). '1"Ot-1i- Mtm!j</'<f' #mau6\aul\ i'l'))';#m') .eil~ #d #rd 
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Source code for a sample exercise (EXERSJ(B) is given below_ 

count is O. 
topic questions (sect) . 

iPsect = (] 

then text C#e au6\aui'i iL!I~Ot f"'li.6\H"t '!"Ou.'i- .B'P'Lffi.',#n#n) and 
sec is radio_button ( [ [ 'au"1Ilf'.3 .3] , ['M P'!"UtC"f ',3 ,5], 
['p'!"UtC UCJ':'CC', 3,7], ['P'P'UtC (Uj. t'CC', 3,9], [ 'p'!"UtC pau. 't.tbll"t',3, I I]] ) and 

button C.ef'I'6\',continue,7,23) and 
wait 0 and 
sect is radio_value{"sec). 

do ("sect). 
topic 'au"1IlY'. (* Exercise on lesson one *) 

wrong is []. 
text C#e L auLi'i"t "'If'!! t auLi'i"t (thMi;' IllY"t'!" ~.BlY"t'!") A"'lauAhtaJ. !IaJ. 

Ot71laJ. !I'1t "'lUll "1fl. )aJ. :=:' ,#n) 
q I is radio_button ([['1taJ. W,3 ,3] , ['rh!It" 13,3]]) . 

text C#x I #y5 2. h"'lht(\.t aJ.1l'1' auLi'i"t f"'lf~i'i auauHii' Y 6\lY)aJ. f'J: )aJ.#ren?#rd') 
q2 is radio_button([['thMi;'W,3,6]. ['mq.t'l',W], [''i-U'''IH'] , ['au6\!1- fA'!"']]) 

tex1 C#xl #y8 3. h'i-tii' 'i-'l')t: ')-hMii'W; aJ.fllj''''IH f"'lYIl71aJ. auLm f"'lfC;1\ 
au"t7J': Hii' aJ. )aJ. ::(lq.:Y;I\::(l'i) 

q3 is radio_button ([['O!IaJ. ', 3,9], ['OMhtC''t.~'l':] , ['OMhtC' "'l,~'t.~'I','] , ['au6\!1- fA'!" ']]) 

text C#x l #y ll 4. auLln O!IaJ. "'I'I'~H iLY;J'\'au.t h"'l'tH 't"1C"f aJ.1l'l") 
q4 is radio_button ([['!IaJ.iLlJIIt au;F(\.',3.12] , [tauUjUj.B M"t au£';}7au.', 35, 12], 

['O'!")t"t "'1'1-£.6\ iLh!I'r au;F(\. ',3 .132], ['/J.(\.'!" (1Tl6\ll )aJ.']]) 

text C#XI #y 15 5. (1TlLi'i"t f"'l'l'C;i'i (1Tl"t7J': m.B'!" auUjM A(1Tl'!"L'l' (1TlLi'i "'I'I'~l'J:"t Mi.I\l 
Y £.L H"t 't"1C"f "'1m'/! {l;F O<t )aJ.::::') 

q5 is radio_button ([['1taJ.W,3 , 17] , ['rh!It']]) 

button C.BtL'!"',continue,7,23) . 
wait 0 

if radio_value (?q I) is 'rh!It, 
then count = "count + I 
else count = "count and 
wrong gets '#m(1TlLi'i"t "'I'I''!!'r'im'. 

if radio value ("q2) is '(1Tl6\(j. fMD, 
then count = ?count + I 
else count = ?count and 
wrong gets '#m(1TlLi'i"t f"'l'l'C;i'i auauHii"Pt#m'. 
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if radio_value Cq3) is 'nMht~'t.l]'I'.' 
then count = ?count + I 
else count = ?count and 
wrong gets '#mnMh·r~'t.l]'I'. (1I) 'nJ': (1I)on "'I'I''iH#m' 

if radio_value Cq4) is 'IHr'/" (11)6\11 )aJ.' 
then count = ?count + I 
else count = ?count and 
wrong gets '#mn~aJ. (1I)t.!'i') "'I'I'H, t "'Ifl£l.bY#m' . 

if radio_value (Oq5) is '(hOt' 
then count = ?count + I 
else count = ?count and 
wrong gets '#m(1l)c'.1\') r"'l'l''i~ M M (1I),)7~t#m' 

end. C* Exercise on lesson one *) 

topic radio_value Chandles) . 
selected is element (Ohandles, 

end. 

where Cget_radio_button (Ohandles), t)l. 
radio_value is get_text Oselected). 

topic 'M r'/"UtC"f'. 
text C#e #x I #y3 Mr'/"UtC"f (11)6\(11)1\ ') 
button (,M'\'6\','go_on',7,23) 

end. 
end. C* questions *) 

topic result. 
if?count < 3 

then repeatit 0 
else proceed 0 and 

end. C* result *) 

topic repeat it. 

button C.e'l"\'6\',continue,7,23) and 
wait (land 
wrongans O. 

text C#e #fred #X I "'1M)' aJ.ll1,t M~7): 
.e\J') 'P'o£l.1j. fL£. "7au. t .e(1l)c'.IIJ6\ #d') . 

animate 0 
button cM'I'6\',continue,7,23). 
wait O. 
'go_on' 0 

end . 
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topic proceed . 
text ('#e "'l(\M lD-nbt it"r1t'P6\:::: 

aJ.e. "t'l''V(\lD- '1"O(\'1i- .eM') 
animate O. 

end. 

topic animate. 

end. 

r ~ 4. 
while?r < 24 

then move_window Cwq,?r,5) and 
wait (,0 I) and 

r ~ ?r + 2. 

topic wrongans. 
if ?wrong <> [] then 

end. 

text ('#e hOll'l'mM' 06.t f"thtrH1 .ehblif. ',#n#n, ?wrong, 

ftHt.Ht;.t1 nft(\. .e'1"t.1!l TlD-'1 #fred M'V6\1 #d .e~ 'to 

h/ly'1" #fred aJ.e.~" #d f"t(\lD-1 MIi- nOllm'l''1'' t\,A-~1 .eOllbltrJ:') 

else text C#e OIlJ'1" 'l't;. )lD- .e'l"I'(\.Ot') 
button (,M'V6\' ,'go _on', 7,23) 

topic 'go_on'. 
count ~ 0. 

end. 

move window Cwq, IO,4). 
hide_window C wq). 
show_window Cw I) 
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The source code for a sample test (TESTS.KB) is given below. 

res count is O. 
topic 'test_ guest '. 

text ('#e #X l #y l l. fi,)J': fr'1"UtC n..ot'1" fd1l.trttH <Ill1Jlt'.:r~ hli-A-f I\.S,:.t .f,71J6\') 
tql is radio_button ([['n.. U,,~ n..ot'1" rli-t'l:C').2], ['ma-'l:C~ (lIj.t'l:C',33 ,2]. 

['UCJ':'l:C {Jr'),32]. [ 'f"1lJt~ f/DolI]t h.lJt'.33.32lJ) 
text C#X I #y5 2. hd1l.trttH f4lmt- oC~H /DoO'r Or'1"UtC f,:J' f"'l4'~IJOM' h'Yf'l. 

/DoO'r fIOi."1 ru'~/Do ftij'/Do ~/Do #ren ?#rd') 
tq2 is radio_button ([['fIlA d1j6\ f4lmt- oC~t',3 ,7 ] , [i'1J.e ~6 f4lmt- oC~t',35 , 7] , 

['r/oM IIA d1j6\ f4lmt- oC~t ' , 3 , 8.2]. ['<Ill6\r'r ft\'1" ',35.82]]) 

text ('#XI #y 10 3. tTl\- f~:r <Illt\h.Y ftij'/Do ~/Do #ren "=rd') 
tg3 is radio_button ([['fl t ',3 , II]. ['IJ.f,t'] , ['IIA d1j6\ ~'rC'] , 

['h.A-IJ.f,t']]) 

text ('#XI #y 13 4. f640 h.1'·IJ.f,t ,,!r Y Ytij'/Do ~ /Do =ren "#rd') 
tg4 is radio_button ([['640,000 flH', 3, 14], ['640.000 IJ.eH'], ['650 IJMf'], 

['<Ill6\r'r f t\ '1"']]) 

text ('#XI #y 16 5. hd1l.httH fi,)1\- fdljlJ.l'.t'. -r/DoO:r ~.f,~-r M.l'.t\'1"') 
tg5 is radio_button ([['t-'1"'. 3, 17] . [ ' d1j"1'0'~ 'tTl [' d1j"1'0'~ nM'], [' '''I''1'0'~ 4>IL'lJ) 

nextscr O. 

if radio_value ("tg I) is ' mCJ':'l:C~ rH'l:C' 
then res count = "res count + I 

- -

then res count = "res count + I - -

if radio value Ctg3) is 'flt' 
then res count = Ores count + 1 

- -
else res count = Ores count. - -

if radio value Ctg4) is '640,000 1J.f,·H' 
then res count = "res count + I - -
else res count = Ores count. - -

if radio value ("tg5) is ' '''I''1'0'~ 4>1 ...... 
then res count = Ores count + 1 - -
else res count = Ores count. 

- -

text ('#e #X I #y l 6. <Illon aJ.l'. r'1"UtC /DoO'r t\d1jo7lJt f d1l.J'7t\"1t\/Do h.') '1"') O<lllIJ6\ 
.e:J'aJ:/'bI#ren "#rd') 

tg6 is radio_button ([['OM')', 3, 2] , [''''Itd1l.Y'] , ['n.. U ']. 
['tr06\r'r Yt\'1" 'J]) 
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text ('#X I #y4 7. h"'LhttH aJ.fI'r fI(@WP"f naJ.)t Ylf)aJ. Ytl,'aJ. )aJ. #ren ~#rd') 
tq7 is radio_button ([['S25 i't-Tf Ml1Ut17\ nM 360,000 ItH .eM6\ ', 3, S), 

['3.5 i't-Tf n<\>l1Ut17\ nM 720.000 It H .e,e,H6\'. 3, 6.2) , 
['5.25 i't-1"f n<\>l1UtM nM 720.000 ItH .eM6\'. 3, 7.4), 
['3.5 i't-1"f Ml1UtM nM 360.000 ItH .e.eHN 3, 8.6))). 

text ('#X l #y II 8. r'1"Ut~1 n1.1':1 fit. ,,1UtJliaJ.1 Y"'L)"IC YtoHIff 'HeliC '1"1 
.e~"6\#ren ry#rd') 

tq8 is radio_button ([['r'L U', 3, 12], ['TC'''I6-'1'''), [':1:1:1:'), ['n;7406'))) 

text ('#X l #y I4 9. h"'LhttH n1fr YnTr'Lh,7\1 (>4i.t~C '1"1J.f1\, n,e.e,i\'1"') 
tq9 is radio_button ([['roC.I':TC6.ht '. 3, IS). ['~(l,'H ' ) , ['rHfI 12-3 '), ['(\''1". M . )1.fI'))) 

text ('#X I #Y 17 10. MH·1 i\11U!j. mc: i\ "'H~H: M"'II1Ufl} 1 i\"'Iflt~h6\:- i\"'Iflfl1U'r:- i\"'It'1"~ 
YI1UIJ.fM·t1 i\"'Ih~ro1 Y"'LY7i\"I6\ YnTr'Lh,7\1 rfi.t~C n,e)t Ytl,'aJ. )aJ. #ren ry#rd') 

tq lOis radio_button ([['AlJ.!j. "'If~i\'. 3, 19). ['lP1mt. 'If t1t~'), ['I1Ut.i\ nm~f6') , 
['I1UM Yi\'1"'))) 

nextscr O. 

if radio_value etq6) is 'l1U6\ir Yi\'1" ' 
then res count = ry res count + I - -

if radio_value Ctq7) is '3.5 i't-1"f MI1U-r1l\ nM 720.000 ItH .e.eH6\' 
then res count = ryres count - I - -
else res count = ~res count . - -

if radio_value etq8) is 'TC'''I6-'1"' 
then res count = ry res count - I - -
else res count = ry res count . 

- -

if radio_value e tq9) is '(\''1". M. )1.fI' 

then res count = ry res count .,. I - -
else res count = ry res count. - -

if radio_value e tqI O) is '8lJ.!j. "'If~i\ ' 
then res count = ry res count + I - -
else res count = ?res count. - -

text ('#e #x I #y Ill. r'1"UtC nn 1.1': 1Jj, Y"'LY'I'~i\1!aJ. It H '1"1 nl1U~ 
Mrofi\-#ren ~#rd') 

tq II is radio_button ([['~.et ' , 3. 2) , [' roCJ': ']. ['6-'1"') , ['11M'))) 

text ('#X 1 #y4 12. y~.e)6 Y.f>mt- flC'1t fl1t 11Ut)Jt.:T'!'. '1"6\hH ntH#ren ~#rd'). 
tq 12 is radio_button ([['MC', 3, S) , ['lJ.i\t ') ['n'1"1t '], ['M6- n.l':flt'J]) 

text ('#X l #y7 13. YlOOO]! ~.e)6 Ml-Y n!1JL"'I6\ '1"1 Y\J6\ )aJ.#ren ry#rd') 
tqI3 is radio_button ([['16', 3, 8]. ['1 9'). ['35'). ['67'))) . 
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text ('#X 1 #y 10 14. h"'lhtlH ()}~'r {11JOn Y"'!'1''11'i (11J{11JHr; Y 6\ [f) ()} Ytr;()} 
)()} #ren O#rd') 

tq14 is radio_button ([['thMli'\t', 3, 11], ['aJ4';I"I'W], ['~U"'!W], ['(11J6\I'r YMI),]]) 

text ('#Xl #y 13 15 . ntaJi'l) "I]~(l pqnUtC't') Y"'lY'7lJ1 (11Jc',f] qn') ~~6\ 
MaJ:/'6\#ren O#rd'). 

tq 15 is radio_button ([[''P,)', 3, 14], ['1\')'] , [''1'' £, qn '] , ['u-qn']]) 

button ('.e;l'c', qn',continue, 7,23) 
wait O. 

if radio_value (7tq 11) is 'aJCf:' 
then res count = ?res count + 1 - -
else res count = Ores count. - -

if radio_value (Otq 12) is '/}i\t' 
then res count = ores count + 1 - -
else res count = ores count. - -

if radio_value (?tq I3 ) is '35' 
then res count = Ores count + 1 - -
else res count = ores count. - -

if radio_value (Otql4) is '<JU6\(j. Yi\qn, 
then res count = ores count + 1 - -
else res count = ores count. - -

if radio_value (Otq 15) is '1\')' 
then res count = ores count + 1 - -
else res count = ores count. - -

end. ('test_quest') 

topic feedback . 
if ?res count < 10 

then revise 0 
else pass O. 

end. 

topic revise . 
ave = format number ('###.i#i%',(7res count/ IS)' 100). 
text ('#e #X 10 yt,t'1 ()}tn,t'P #V °ave-#V )()}I "'!My()}qn 75% )nc::: 

#fred not ()}tn,t MI\T). 
t qnVC'J:,) ~m:/'I\.e (l£, ,,/ou.t ,£\<JUc', "16\ #d') 

button CM'r6\','go _on', 7,23). 
wait (,30) 
res count is o. 

end. 
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topic pass. 
ave = format_number C###.##',(?res_countf IS)· 100). 

text ('#e #X 10 Y6.t'l (l}ntt'P #V "ave. #V % j(l} I ~My(l}'1" 75% joe::: 

nou<j>m6\'1" A,)~ 'Jj,)~i\,'P'I A,)~ 1"Ir'P me Y"'l..httH,) pCr'f Y'r~ 

]. roC.e.rCtoht ro.e'1" roC)'; alH· i\~</,'1H 
2. (\-til 1-2.3 ro.e'1" ~h(),6\ n'l!'rc tV\ Ytout.PIJ. out.l\'P'f,) i\out'}-t,) 
3.l\..fI,'Jj roM" AhIIll out.l\') i\~m'l</,c 

#rb i\</'6'P1i pCrt OUMP' 0)';6\ A,)au'l6\'Pti\') #rd ') 
res count is O. 
button CM'r6\','go_on', 7,23). 
wait (,30). 

end. 

top ic radio_value (handles). 
selected is element (?handles, 

where (getJadio_button ("handles), t» 
radio_value is get_text ("selected). 

end. 

topic nextscr. 
text C#X I #y21 #fred 6. t'l(l} M'rl\6\:::: M"I]'!:,) 'r yt nAC"Im'1H llI'lt;. ~I\ .ett. '1"') 

n..ouCIJ1. M 1,'1"llt 'r yt MC 116\'1't 6\::: #d') 

button eMt. '1"',continue, 7,23). 
wait O. 

end. 
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topic pass. 
ave = fonnat number (,###.##" Ores count/IS) • 100). - -

text ( '#e #X I 0 f 6. tIJ aJ.lT1t'P #V 0 ave. #V % iaJ. I dtfMYaJ. '1" 75% inc::: 

f1!'U'I'm6\ '1" (11£, 1n~{\''PIJ (11£, N'P mfJ.l'o f"'l..htlH,} r(r'f Y'f'r 

1. mee. TC6.ht m.e'1" m(.l': alH· Adtf'l'IJH 
2. tHn 1-2-3 m.e'1" ",hlb6\ M'r( '\.l'. ftcrot.rli- crot.~'P'f,} Acrot'}t'} 3. JUt'll m.e'1" liMn crot.~'} AdtfmIJ'I'( 

#rb M{,'P~ r(r'f cro6\~'1" o.l':6\ t\,}cro16\9';/"A,} #rd ') 
res count is o. 
button (,M'f6\',"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 Oselected) . 

end. 

topic nextscr. 
text ('#xl #y21 #fred t.t'i'aJ. M'f'l6\:::: li'1"ni='} 'rJ"B nt\("Im1it hi'I<:' fr.l'lMt.'1",} 

iLcro(fT} M t\'1"nt 'f ytg M( 116\9';/"6\:::: #d') 

button ('Mt. '1"',continue, 7 ,23) 
wait 0 

end. 

, 
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