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Abstract 

The pressures on educational institutions to keep pace with the changes in 
educational theory and technology are growing rapidly. There is now more 
competition between education providers, especially in the tertiary and career 
training sectors, this has meant that students and industry is demanding more input 
into the education process. As a result a more flexible approach is being taken to the 
delivery of courses. This thesis describes the development and implementation of a 
flexible learning approach applied to technology related subjects. It addresses the 
work carried out in relation to a specific aspect of the Bachelor of Technology degree 
as taught at Massey University, Palmerston North, New Zealand. Issues have been 
addressed in educational programme design, material presentation, and a major focus 
for implementation has been computer mediated assessment mechanisms. A guide 
has been developed to assist the educator in increasingly applying flexibility to 
subjects undertaken within the Bachelor of Technology degree reflecting the specific 
needs of the New Zealand industrial and educational sectors. 
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computer assisted learning, computer simulation is assessment, computerised 
marking, computer mediated assessment. 

Acknowledgements 

There are many people who have contributed to the work undertaken within this 
thesis and would be too numerable to mention each by name. I wish to mention 
specifically the support of the Department of Production Technology at Massey 
University and the assistance and patience of my supervisor Professor D J Barnes. 
My thanks to you all for your assistance and support throughout. 

"Leaming is more effective when it's fun" 
Peter Klein 



Table of Contents 

DEVELOPMENT OF FLEXIBLE EDUCATION SYSTEMS FOR TECHNOLOGY 
STUDENTS ........................................................................................................................................... 1 

ABSTRACT .......................................................................................................................................... 2 

ACKNOWLEDGEMENTS ................................................................................................................. 2 

TABLE OF CONTENTS ..................................................................................................................... 3 

FIGURES AND TABLES .................................................................................................................... 5 

1 INTRODUCTION AND OVERVIEW .......................................................................................... 6 

1.1 INTRODUCTION ............................. ... .. .... .. .. .. . ... ... . .................. ..... .... .. ......... . . .. .. .. .... .... ... ... .. .. .. .. ... 6 
1.2 O UTLINE OF THE CHAPTERS ....................... .. .................................... ..... ... .... .. .. ............ .............. 7 

2 THE CHANGES IN TRADITIONAL EDUCATION AND TRAINING ................................... 9 

2.1 THE WAY WE DO THINGS .. .. .............. . ............................................................ .... ............ ... .......... . 9 
2.2 A TT ITU DES AND APPROACHES ............... ........................... ............................................ .. .. ..... ... 10 
2.3 APPLICATION OF STANDARD THEORY IN NEW WAYS ............ .......... ... ................................ .. ...... 13 
2.4 STRUCTURE OF PROGRAMMES, POTENTIAL USES ........ . .................................................... ..... .... 15 
2.5 BARRIERS TO CHANGE ....... .... ....... . .. ............ .... . ......... ....... .......... ...... ....... ...... .... ....................... 17 
2.6 EVALUATING THE TEACHING AND THE LEARNING ..................................................................... 18 
2.7 THE EDUCATION OF TECHNOLOGISTS AND ENGINEERS ................................... .. ......................... 19 
2.8 THE IMPACT OF TECHNOLOGY ON WHAT IS TAUGHT ................................................................. 23 
2.9 CONCLUDING COMMENTS ..... . . ... ............... .. .................... ............. .. ........................................... 24 
2.10 R EFERENCES .......... .. ........... . ......................................... ... ........... . .... .. ..... ... .. ........................... 25 

3 REVIEW OF EXISTING TECHNOLOGICAL SYSTEMS AND SYSTEM COMPONENTS 
FOR FLEXIBLE EDUCATION ....................................................................................................... 30 

3.1 INTERACTION AND INTERFACES .............................. .............. .... .. .................. .... .......... .......... .... 30 
3.2 AUTHORING ENVIRONMENTS AND TOOLS ...... ................ ...... .. ................. ........ .... .... .................. 32 
3.3 MULTIMEDIA MATERIALS ............. ............. ........... .... ............ ..... ............................................... 34 
3.4 HYPERMEDlA ENVIRONMENTS .................... .. ................................................... .... . .. . ........ ......... 37 
3 .5 VLRTUAL REALITY AND SIMULATION ............................................................................ . .... .. .. . .. 41 
3.6 HARDWARE, COMMUNICATIONS AND SUPPORT ............................ . .. . ......................................... 43 
3.7 CONCLUDING COMMENTS .................... ...................... ................. ............. ..................... ..... ....... 48 
3.8 REFERENCES .. .... ................ ............... ............................. ....................... ....................... ..... ..... ... 50 

4 PROGRAMME DEVELOPMENT .............................................................................................. 53 

4.1 COURSE DESIGN ............ . .............. .......... ............................. ...... ................................................ 54 
4.2 TOPIC SELECTION .. ... ........ . .. .... .............. ....... .. ...................... .... ..... . . ...... .. . ................. . .. . ... ... .... .. 55 
4.3 D ELIVERY MECHANISMS ..... .................. . ......... ................. ...................... ............ ...... ... .. .. .......... 57 

4.3. I Asynchronous delivery .. ... .. .............. .................... .. .......................................................... 57 
4.3.2 Synchronous delivery .. ............................ ... ................................. .......... .. ........... .............. 59 

4.4 STUDENT ASSESSMENT ...... ....... .. .. .. ... ... ......... .. . ..... ....... ............................ ......... .. ...... . .............. 59 
4.4. I Tutorial examples ............. .............. ...... ..... ..... .. ..... .................. ................ ...... .. ................. 60 
4.4.2 Self assessment modules ........ ...... ............. ....... ...... .... ............. ...... ...... ........... ..... ........ .. .... 60 
4.4.3 Assignments ................................ .... ..... ............... .. .......... ... ....... ... .. .. .. .. ... ... .. .. .. ... ... ..... .. ... . 6I 
4.4.4 Formal examinations ....... ..... ...... ...... .. ... ....... .... ...... ......... ..... ....... .. ...... ..... .. ..... ..... ... .. ..... . 6I 

4.5 DATASECURITY .. . .. . ...... .... ................... ..... ...... . .... .. ... ....... . .. ... .... . .. ............................................ 61 
4.6 COURSEEVALUATION .......... .. ................ ...................................... ... . ................ ....... .................. 62 

5 PROGRAMME IMPLEMENTATION, EVALUATION AND REFINEMENT .................... 63 

5 .1 INFORMATION DELIVERY . .. . ..... ... ... ... .......... .... .. ..... .... .. ... . .. ..... ......... ..... . ... ..... .. . . .. ............... .. .... 63 
5. I. I Instructions .......... .... ........................................... .... .......................................................... 64 
5. I .2 Interactive learning ......................................... ........... .................. .................................... 7 I 
5.I.3 Integration of tutorial aspects into course material.. ....................................................... 76 
5.I.4 Additional help .................................................................................................... ............. 86 



5 .2 ASSESSMENT MECHANISMS ............... .. .... .. .. .. ... . ..... . .. ..... ...... . ................... .......... ...................... 87 
5.2.1 Assignments ............... ... ... .... .... .......... .. ..... ....... .. .... .... ......... .... ...... ....... ... ... ..... ... .... ........... 88 
5.2.1.1 Statistical Quality Control Assignment - Year One .. .... ..... ........ ..... ................ .... ........... 89 
5.2. 1.2 Experimental Design and Multivariate Analysis Assignment - Year One ................... .. 92 
5.2. 1.3 Basic Statistics and Design of Experiments Assignment - Year Two ....... .. .... ............. .. 94 
5.2.1.4 Experimental Design and Multivariate Analysis Assignment - Year Three ... ............. .. 95 
5.2.2 Formal examinations .... .. .... ..... .. .... ... ..... .... ... .. ...... ... .... ...... ............ ..... .. .... ... .................... 97 

5.3 MACRO DESIGN AND CONSTRUCTION ............. ..... ....... ....... ............. ....... ..... ... ... ....... .. ......... .. .. . 97 

5 .4 CONCLUSIONS .......... . .. .. .... ... ....................... .. .. ...... ... .... ........... ................ ... ... ... .... ...... ... ..... .... .. 99 

5.4 REFERENCES ...................... ........... ..... ................. .. ................................... ........ .. ....... .. .... .. ... ... 102 

6 IMPACT OF EXPERIMENTAL WORK ON THE TEACHING PROGRAMME. ............. 103 

6.1 INTRODUCTION AND EFFECTS OF CHANGES MADE ......... ... .... .... ... .. ..... .. .... ... .. . . . ..... .. .... .. .. ..... ... 103 
6 .2 EFFECTS ON THE ASSISTANCE AND EXPLANATION REQUIRED .......... .. .............. . ... ... . .. .. ... ..... ... 105 

6 .3 G UIDELINES FOR FUTURE IMPLEMENTATION OF CHANGE IN THE ASSESSMENT PROCESS ... .. ... . 106 

6.4 O UTCOMES OF THE EXPERIMENTAL WORK .. .... ... .. ..... .. ................. .... .. ..... ... .. ... .. ... .. . .. .. . ... .. .. ... . 107 

6.5 FUTURE IMPLEMENTATIONS ........ .............. ....... ...... .. ........... .. .. .. ................... ............ .. ............. 110 

6.6 REFERENCES .. .. . ....... ...... . ............................. . .. . .. . .............. ... . .. .. ..... .............. .. ......................... 112 

APPENDIX A COURSEW ARE DEVELOPMENT TOOLS - EVALUATION CHECKLIST 
SUGGESTION .................................................................................................................................. 113 

APPENDIX B AUTHORING LANGUAGES AND ENVIRONMENTS .................................. 115 

APPENDIX C ASSIGNMENT 1 YEAR 1. ..................................................................................... 126 

C. l ASSIGNMENT QUESTION SHEET .............. .. .... . .. . .. .. ............. ... . .. ............................................... 126 

C.2 MACRO FILES ... ... . ...... ..... ............. .... ... . ......... . ...... . . ... ........ ..... ... ... .... ........... .. . .. ... . .. .......... ....... 127 

APPENDIX D EXPERIMENT AL DESIGN ASSIGNMENT - YEAR ONE ............................ 137 

D . l ASSIGNMENT QUESTION SHEET ..... ... ......... ..... .. .. ............ ..... ..... ............ .. .... ..... .. . .................... 137 

D.2 MACRO FILES ............ . .... . ........................... ............................................................................ 139 

APPENDIX E EXPERIMENTAL DESIGN ASSIGNMENT - YEAR TWO ......................... 149 

E. l ASSIGNMENT QUESTION SHEET ............................................... .. ................................... . .......... 149 

E.2 MACRO FILES .. ........................................................................................................................ 150 

APPENDIX F DESIGN OF EXPERIMENTS AND MULTIVARIATE ANALYSIS 
ASSIGNMENT - YEAR THREE .................................................................................................... 171 

F. l ASSIGNMENT SHEET ............... ............................. . . ........ . ........... ... .......... ... . .. . .. . ....................... 171 

F.2 MACRO FILES ..... ...... ..................... ............... ............... ... .. .. ....... ................... ........................... 174 



Figures and Tables 

Figure 2.1 
Figure 3.1 
Figure 5.1 
Figure 5.2 
Figure 5.3 
Figure 5.4 
Figure 5.5 
Figure 5.6 
Figure 5.7 
Figure 5.8 
Figure 5.9 
Figure 5.10 
Figure 5.11 
Figure 5.12 
Figure 5.13 
Figure 5.14 
Figure 5.15 
Figure 5.16 
Figure 5.17 

Table 4.1 
Table 5.1 
Table 5.2 

Page 22 
Page 31 
Page 66 
Page 67 
Page 68 
Page 69 
Page 70 
Page 74 
Page 75 
Page 77 
Page 78 
Page 79 
Page 80 
Page 81 
Page 82 
Page 83 
Page 84 
Page 85 
Page 86 

Page 57 
Page 91 
Page 100 

Trademarks are the property of their respective Companies and are referenced at the 
first occurrence within the text. 



Introduction and Overview Page 6 

1 Introduction and Overview 

1.1 Introduction 
This thesis addresses the issue of flexible education as applied to technology related 
subjects. Specific attention is given to the development of a flexible course structure 
and the implementation of assessment units. 

In the face of a changing educational environment a more flexible approach is 
increasingly being adopted. Flexible learning seeks to enable students to learn at 
their own pace, in a preferred location, the topics of interest within a given 
qualification structure, and at a time more convenient to themselves and in a manner 
that maximises their learning. The provision of such programmes frees both the 
student and educational institution to focus on the material being taught, and to assist 
students to understand and implement what they are learning. 

The introduction of flexible programmes of study is being enabled in part by the 
development of computer and communication technologies. No longer is distance a 
limiting factor in the delivery of education. With the use of conferencing 
technologies the interaction between students, and between student and tutor is 
maintained independent of location. Of special significance is the developments in 
computer technologies, both in terms of avai lable hardware and software. It is 
increasingly possible to view live video images of people and machinery in real time. 
The computer control of such machinery has enabled the complete remote operation. 
Thus enabling a student, or worker, to control the actions of a machine, be it an 
experimental apparatus or a production model, from any location and see the 
response to commands issued with a minimal delay. 

Where a computer forms the central delivery or communication passing agent in a 
flexible learning environment this can be termed Computer Mediated Education. 
The ability of a computer to perform repeated tasks and its relation to the drill and 
practice exercises of many existing educational systems has long been established. A 
number of systems are available that use this method to instruct the user. Some 
subjects relate specifically to this type of learning and they should continue to be 
used. The subject areas addressed in this thesis are those that primarily do not fall 
into this category. A matching of subject matter and ways available to assist in its 
teaching was made, and where possible implemented. Some of the possible solutions 
fell well beyond the limitations of time and financial availability for both the work 
contained in this thesis and that of most educational institutions. It is acknowledged 
that the reality of life is that the available level of finance and other resources is not 
infinite. A perfect solution may be implemented with unlimited resources, yet here 
we have sought to work within strict limitations to establish a good and valid 
solution that is both sustainable and adoptable. 

Amongst the increasing pace of change in technologies available has been changes in 
the focus and requirements of education. The requirements of tertiary level 
education especially as it relates to professional training, for example doctors, 
engineers, veterinarians, technologists, is constantly on the move as the professions 
themselves adapt the changes in society and technological developments. Tertiary 
institutions are under pressure to keep up with these changes, with the pressure 
coming from the industry for which students are being prepared and from the 
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students wishing to equip themselves for future careers. Flexibility within a course 
of study is one way to address both of these issues. It enables the establishment of 
modularised subjects which can be updated faster and with greater accuracy than 
before, and to establish greater links with those in industry resulting in a shorter gap 
between the subject studied at university and that which is later applied. 

The rate of change now being experienced is reflected in the need to acquire life long 
learning skills and attitudes. No longer is it possible to remain in the same job or 
forty years without the job changing dramatically. Graduates now face the prospect 
of re-education and re-training at least three to four times in their working lives. The 
implementation of a flexible learning programme enables the student to discover and 
use the ways in which they learn best. The knowledge of how they learn best, and 
what support activities are of benefit, is applicable to any training or education 
undertaken. Education is coming to be viewed as a partnership between the 
institution represented by its various tutors and the student. No programme is fully 
successful unless both parties actively engage in the learning exercise to establish, 
measure and achieve the desired goals. 

The joint meeting of educational goals and the utilisation of appropriate technologies 
has been a major focus of the work carried out within this thesis. The thesis itself 
presents both sides in order to demonstrate that the purposes of education, the needs 
of industry for trained graduates, and the preparation of students for life long 
learning, as especially applied to technology subjects, can be achieved. 

1.2 Outline of the chapters 
Chapters 2 and 3 focus on existing research and system implementations. Chapter 2 
from an educational perspective and Chapter 3 from a technological and systems 
perspective. Current practices and why they are in place is di scussed in Chapter 2, 
along with proposes ways to implement new systems form the existing educational 
theories. The resistance to any change is presented along with issues specific to the 
education of technologists and engineers, and the impact of changes in available 
technologies is having upon the their professional career development. Chapter 3 
addresses the available technologies and the systems within which they operate in a 
more detailed manner. The focus changes in this chapter to reflect a more 
technology orientation and thus more technical detail is presented than that found in 
Chapter 2. Various mechanisms and environments useful within an educational 
setting are discussed along with the technical issues of delivering the material in the 
various formats to a distributed audience. 

Chapters 4 and 5 deal with the development of strategies for flexible learning and 
their implementation as it relates to material presentation and assessment of learning. 
Chapter 4 outlines the development of a flexible learning approach in relation to the 
Bachelor of Technology degree and the subjects undertaken within it. It discusses 
aspects of course design relevant to any subject and the selection of appropriate 
presentation mechanisms. How the material is to be delivered and presented has its' 
own effects upon the choices made and the number of different implementations 
required to accommodate the various learning styles of students. The way a course is 
assessed is determined in the most part by what mechanisms of delivery and 
presentation have been used. Options available and the related security factors are 
also discussed. Chapter 5 presents the implementation of several experimental 
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systems, two relating to material presentation, and four relating to the assessment of 
learning. The methods used or material presentation is dependent upon the needs of 
the audience and the desired use of the material. Two of the available methods are 
presented in relation to computer based systems for material delivery, they are 
instructions and interactive learning. As stated earlier assessment units were a 
specific focus for the experimental work carried out within the scope of this thesis. 
There is a large section in this chapter presenting the development over time of 
assignments that have been implemented in a computer mediated fashion. From each 
implementation improvements were noted and incorporated into the next 
implementation. As the assessment of assignment work has become increasingly 
available by these mechanisms so attention is drawn to the more formal aspects of 
the evaluation of student learning, the final examination. To conclude this chapter 
the development of the simulation systems behind the assignments is presented with 
the full programme details contained in the associated appendices. Formal 
conclusions can be made at this point as to the effectiveness of such implementations 
which lead to the identification of good systems components and guidelines for 
further implementations. 

Chapter 6 outlines the impact of the experimental work carried out to date, and the 
implications for further development of a flexible learning approach to technology 
related subjects, and beyond. It reflects the lessons learnt over the entire period of 
experimental work and the implications these have for increasing the levels of 
flexibility within the Bachelor of Technology degree. 
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