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Abstract 
 

 

This study compared the impact of three media: book, internet 

and Virtual Reality (VR) to support adults learning through self 

direction to determine whether, against an adult learning 

framework, a VR system would support adults’ learning needs 

better than other less sophisticated media. 

 

Results from experimentation indicated that adult learners 

had generally high levels of dissatisfaction with books, high 

satisfaction with electronic web-browser type delivery media, 

and personal satisfaction (but not functional efficiency) in 

learning information through touring a virtual reality ‘world’. 

Web learners learned a greater volume of information than 

book learners who learned more than VR learners. Results 

from quantitative data indicate that the internet is the most 

effective of the three media tested to learn with. These results 

have significance for educators, as well as for individuals 

planning and designing their own learning. 

 

A model of adult, self-directed learning with VR technology was 

developed from findings from research and the literature. 
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GLOSSARY 

 
 

• adult - a person that is both psychologically and physically mature. (Knowles 
1990); a person aged 22 years or greater (Kennedy 1992). 

 
• adult education – ‘a process through which learners become aware of significant 

experience.  Recognition of significance leads to evaluation.  Meanings 
accompany experience when we know what is happening and what importance 
the event includes for our personalities’ (Lindeman in Knowles 1990 p30). 

 
• adult learners – ‘those whose intellectual aspirations are least likely to be aroused 

by the rigid, uncompromising requirements of authoritative, conventionalized 
institutions of learning’ (Lindeman (1926 pp 27-28 cited in Knowles 1990 p30). 

 
• andragogy –  the umbrella term used to refer to theories of adult learning.  

Andragogy is associated with the work of Knowles (1975, 1990) and viewed as a 
‘philosophy’ of adult learning. Theoretical assumptions (motivation, self-
directedness, experience, life-centredness, age) explain how adults learn. 

 
• CAVE - multidimensional virtual reality theatres used for displaying complex, 

interactive images to prototype new products and examine the behavior of 
complex molecules or viruses (Network World, Dec 23-30 1996). 
 

• Cyberspace –  a shared reality based on computer connections; forms of 
cyberspace are communicating on a network, telephone or bulletin board system 
conversations (Newquist 1992). 
 

• education – ‘an activity undertaken or initiated by one or more agents that is 
designed to effect changes in the knowledge, skill, and attitudes of individuals, 
groups, or communities. The term education emphasizes the educator, the agent 
of change who presents stimuli and reinforcement for learning and designs 
activities to induce change’ (Wright cited by Knowles 1990 p10). 
 

• head-mounted display - a virtual reality technology helmet (hardware item) 
which projects computer-generated, synchronised images onto the user’s two 
eyeballs to generate three-dimensional representations of objects or data. 
 

• immersion - an ‘effect’ generated by virtual reality technology, which makes a 
person feel present within a world other than the real world. 
 

• immersive head-mounted display virtual reality technology learning system - an 
arrangement of virtual reality hardware equipment, software systems and 
application programs specially configured around an immersive head-mounted 
display headset (interface), and information programmed for display in an 
electronic ‘virtual world’ (generated by the VR equipment), which allows a VR 
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user on entry to the virtual world to learn the information contained in that 
world visually, orally and kinesthetically. 

 
• learning - an internal process that results in a change in the learner (Knowles 

1990). 
 
• learning in an ‘adult way’ - the steps and processes adults traverse to learn as 

described in Knowles’ (1995) theory of adult learning (Andragogy). 
 
• learning environment - an arrangement of physical and psychological conditions 

that a learner inhabits whilst learning. It is inclusive of perceptually ‘real’ or 
‘virtual’ events. 

 
• learning styles  - ‘characteristic cognitive, affective, and physiological behaviors 

that serve as relatively stable indicators of how learners perceive, interact with, 
and respond to the learning environment’ (Sims & Sims 1995 xii). 

 
• learning style types - identified by Kolb (1983, 1985), as: Diverger, Assimilator, 

Converger and Accommodator. 
 
• learning system - an arrangement of physical components (electronic or non-

electronic) that a learner uses to facilitate his learning. 
 
• non-immersive VR - screen-based. 
 
• pedagogy –  a child teaching strategy. 
 
• self-directed adult learners - psychologically mature humans (Knowles 1990) - in 

this study, aged 22 to 39 years - who choose1 and self-manage a topic of interest, 
and the conditions of delivery of the topic’s information (time, place, rate, pace, 
format, information engagement sequence), to satisfy their individual physical 
and psychological learning requirements. 

 
• self-directed learning - a learning technique in which a learner is responsible for 

all aspects of, and draws on resources available to satisfy, his learning need, 
including the choice of sequence that information is engaged with in that 
learning activity. 

 
• traditional learning systems – configurations of book-based, and two-

dimensional (2D) computer-based learning (CBL) equipment which adults would 
encounter and use in many real-world settings to learn about subjects that satisfy 
their individual physical and psychological learning requirements. 

 

 
1 In this study, to ensure standardised measurement of learning in the experiment, though neither ideal nor 
preferred by the researcher, the participants learned a topic chosen by the researcher (Alexandria). As 
engagement with the topic chosen was critical to the learning results, participants were admitted to the 
study only where they indicated an interest in learning about ancient Alexandria. 
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• virtual reality – ‘a thing or state that has no physical existence, but does exist 
functionally’, which Jaron Lanier claims is created artificially through 
computerized apparatus (Kumada 1992). 

 
• virtual reality environment -  a synthetic ‘world’ generated by an arrangement of 

computer hardware and software equipment; the ‘world’ may appear as real as 
our day-to-day world, or a make-believe one in which a human may immerse 
their senses as though it were real, and interact with objects or other humans to 
carry out tasks, observe others or a range of other purposes, and which is limited 
in its variety only by the capacities of the technology at hand and its designers’ 
imagination. 

 
• virtual reality learning system - the configuration of virtual reality hardware and 

software (the system) and learning which supports human learning. 
 

• virtual reality system - a configuration of virtual reality hardware and software. 
 

• virtual reality technology - computer components capable of generating a three-
dimensional virtual world. 
 

• virtual world - an electronically fabricated ‘world’ created through the electronic 
computer medium ‘virtual reality’ technology which can simulate a real or 
fantasy world. 
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ACRONYMS 

 
 

  

AI artificial intelligence 

ANCOVA analysis of covariance 

AR augmented reality 

ATM asynchronous transfer mode 

CAVE Cave Automatic Virtual Environment 

CBT computer-based training 

DVE distributed Virtual Environment 

DVE desktop virtual environment 

ESL English (as) second language 

HIT Human Interface Technology (Laboratory) 

HMD head-mounted display 

ISD instructional systems design 

IVI interactive video instruction 

IVR immersive virtual reality 

LSI learning style inventory 

PC personal computer 

SDL self-directed learning 

VARK visual, auditory, reading, kinaesthetic 

VCASS Visually-Coupled Airborne System Simulator 

VDU visual display unit 

VE virtual environment 

VPL VPL Research Inc 

VR virtual reality 

VRML virtual reality modelling language 
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Chapter 1 
 
 

Introduction 
 
 

 
 

How will learning take place as we enter the next century? 
 

(Pea, 1993 p60) 
 
 

 
 
 
We are now in the 21st century and well-embedded in the information age. Today, many 

of the world’s peoples are interacting with computer-based technologies that were not 

readily available to them a mere three decades ago - technologies that have brought 

rapid change, which has impacted on almost every aspect of people’s lives. 

 

For some people, the information age has heralded an era of information glut and 

computer-based technologies are seen as both inundating them with large volumes of 

information and eroding their stores of knowledge. In the information age, learning and 

knowing have taken on a whole new importance in people’s lives. They have become 

more aware of their need to be proactive in their learning habits (Boud and Miller 1996; 

Thayer 1996; Quinones and Ehrenstein 1996; Vallas 1990). Learning to keep up with 

change, to ‘stay on top’ has become a higher priority for many more people than it was 

in the decades preceding the widespread introduction of desktop computer technologies. 

 

In recent years, business and education literature have been announcing with some 

regularity that today’s adults are returning to education to keep up to date with the 

information they need to maintain their lifestyles. Commonly cited sources of 

information preferred by adult learners are learning through traditional avenues (such 
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as teaching institutions) and self-learning strategies (such as desktop computer 

multimedia technologies, the world-wide-web and the internet family of technologies). 

 

In the decades beginning in 1990, many teaching institutions began delivering 

information to their client students through electronic media, in distance learning 

formats based on pedagogic learning designs. But to the chagrin of institutions doing 

this, adult students responded with mixed levels of satisfaction to this approach, and 

continue to do so today in spite of many and progressive improvements to computer 

technologies’ presentation and functions. (Rachal 1993; Winn 1993; Di Paolo 1999; Lee 

2001; Flake 2001)  

 

How people learn is a concept that has been debated from many perspectives. ‘Learning’ 

is a highly personal experience. Its form and meaning varies from one person to the next, 

from moment to moment, and in accordance with each learner’s needs and wants. 

Adults will frequently seek to satisfy their information needs through strategies, learning 

media and environments that are known and available to them. For some, traditional 

learning strategies work best, and for others, they do not. 

 

Both learners and facilitators of learning grapple with the problem of distinguishing 

between information and knowledge. On the surface the problem may seem trite, but in 

practice, the storage and transmission of information and knowledge becomes a more 

complex matter.  Information processed becomes knowledge. But when facts date or are 

transmitted out of context - whether as information or knowledge - their reliability and 

value to a learner decrease. To best learn, learners need to do more than blindly accept 

information or ‘knowledge’. They must discriminate and constantly question the validity 

of the information they receive. 

 

The information age thus presents learners with the dual problem of having to engage 

with large quantities of available information and knowledge of which an unknown 

quantity is ‘junk’ and sifting through, and engaging with, information and knowledge 

that is desired, in a manner that is time-effective. (Miller 1992; Simmonds 1995) 

 



Chapter 1: Introduction 
 
 

 

 1-3 

Acquiring knowledge that is needed to deal with a changed environment is no longer a 

matter of getting more formal education as much as it is about individuals learning more 

in an efficient manner in the limited time available to them. There is an increasing trend 

of people wanting to learn more, faster and more frequently, with an expectation by 

learners that the learning experience should be ‘convenient’ and fit in with the modern 

lifestyle. Traditional institutions struggle in their attempts to meet such a requirement 

and learners struggle to find a solution that will meet their need. (Measelle & Egol 1992) 

 

The way ahead 

 

In the years since desktop computer technologies became available to the domestic 

marketplace they have brought information to people in new and multiple forms to 

facilitate learning that is independent of institutions and convenient (Schwarz 1996; Bork 

1997; Lewis 1997). Their formats in education and learning packages though have been 

criticised severely with many learning packages being used for ‘electronic page turning’ 

(Schank 1993; Neild 1997; Misanchuk, Schwier & Boling 1999;Xu 1999; Mills 2000). Much 

gimmickry, but little imagination has been demonstrated in the plethora of PC learning 

packages that exist today in the marketplace. The characteristics that computer 

technologies possess are not always optimised to maximise learners’ learning through 

them. An overwhelming majority of learning packages are based in pedagogical learning 

designs. This is a strategy that, whilst suited to some learners, is not appropriate to all 

and is an underuse of this medium (Starr 1994; Choi 1995; Matsubara et al 1996; Richards 

et al 1997; Barker & Tan 1997; Papaterpos et al (1999); Gros 2002). 

 

In 1986, the first major announcement of another form of computer technology that had 

to date received little attention - virtual reality (VR) - was made to the world by Thomas 

A. Furness III (Miller 1992). Aspects of virtual reality technology were around before 

Furness’ announcement and well known to those working in that sphere since as early as 

1965 (McLellan 1993; Curtis 1996; Keppell 1998; Volti 1998). Virtual reality (also known 

as virtual environment) technology is a computer medium with characteristics that are 

substantially ‘different’ to any other communication or learning medium. Its singular 
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major difference from other computer media is its capacity to present an immersive 

synthetic environment that can imitate a real or an imaginary place: a ‘virtual’ world. 

 

Complex VR technology systems are available in a handful of university and commercial 

research and training sites around the world. Basic formats can also be found in 

commercial and education sector training centres. Researchers’ dominant concern with 

VR technology has been with its technical functioning such as displayed image frame 

rate, clarity, seamlessness and so on. Some attention has been paid to its ergonomic 

dimensions when used by children, youth and adults, but in the context of human 

learning research, research designs have been predisposed to investigating humans’ 

skills learning in pedagogical learning frameworks. It has been maligned by authors 

such as Wann & Mon-Williams (1996, 1997) and Turner (1996) and by the popular media 

for the risks it poses to its users and as a solution looking for a problem. 

 

The popular media’s immediate response to Furness’ announcement was magnetic. 

Vociferous speculative claims and promises from the media and equipment vendors 

followed for some time, and continue to be made today, by proponents of VR in regard 

to its potential as a learning medium. But truth and reality differ. It remains a fact, for a 

range of reasons, that VR technology has made no significant entry into the average 

person’s life as a learning medium in the time since its existence was first made known 

to the world. However, as the technology’s processing speed, presentation and other 

characteristics improve, that need not remain the case. It is only a matter of time before 

VR will become a portable, convenient and effective learning tool for adults and children 

alike. 

 
 
1.1  PROBLEM STATEMENT 
 
 
Adults are individuals with differing learning styles and needs, different to children and 

adolescents. They learn best in learning climates and environments that suit their needs 

and are particular and inclined to vocalise what they will and will not accept. (Knowles 

1990; Tennant and Pogson 1995; Foley 2000) 
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The dominant paradigm associated with learning is education. Like the action teaching, 

it does not fit with all adult learners. Adult learners are inclined to wanting a say in how, 

what, where and when they learn, and that includes choosing technologies with which 

to learn and having control1 over them. (Longworth and Davies 1996; Ritkin 1996; 

Caudrron 1996; Neild 1997; Boulmetis (1999); Basden 2001; Abbott & Peach (in Gorman) 

2001; Ingraham et al 2002) 

 

This thesis is concerned with adult learners meeting their learning needs through a 

learning strategy that they deem acceptable. Its main concern is with learner-centric 

learning, the notion that adults want to learn in an adult way, in a learning environment 

that is ‘right’ for them and which provides them with total control over their learning 

experiences. 

 

It is implicit in this that VR technology and the virtual environments created from them 

are capable of supporting adults’ learning in a self-directed learning regime within an 

adult learning framework. With this being the aim of this study, it became incumbent 

upon this study to reconceptualise andragogy (the theory of adult learning) to take into 

account developments in virtual reality technology that have occurred since that theory 

was devised. 

 

This study is not intended to compete with or denigrate pedagogical learning designs or 

theory. It instead is intended to complement them. This study investigated the efficacy of 

virtual reality technology to offer adult learners a self-managed learning environment 

based on the principles of adult learning theory as an alternative learning option. And 

the key purpose of this study was to produce for learners and educators a VR-based 

adult learning model: the virtual reality self-directed learning model (VRSDL). 

 

                                                 
1 In their discussion of guided and hypermedia learning, Bearman, Kidd & Cesnik (1993) point to three 
forms of control: teacher, computer and user. Each form is referred to at different times in this thesis.  
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Research 

 

Studies into human learning in virtual reality technology centres vary in their design. A 

majority of studies use one of four types of virtual reality system: flat-screen, Cave 

Automatic Virtual Environment (CAVE), head-mounted display (HMD) and 

augmented-reality. These studies have involved children, college students and adults all 

learning pedagogically. Almost always, the studies have exclusively measured 

participants’ skills acquisition. Only a small number of studies have compared VR 

systems’ users’ learning performances with those of users of other media or systems, for 

example, CD Rom, multimedia, video tape, radio. (Kozma 1991; Brelsford 1993; Ignico 

1995; Padgett et al 1996; Byrne 1996; Seidler & Chatelier (Eds.) 1997; Youngblut 1998; 

Philbin et al 1998; Cho 1999; Meister 1998; Wailer, Knapp & Hunt 2001; Gamor 2001; 

Downey 2001; Antonietti, Rasi, Imperio & Sacco 2000; Colt, Crawford & Galbraith 2001; 

Arnold et al 2002; Eveland & Dunwoody 2002; Seymour et al 2002; Moreno & Mayer 

2002) 

 

VR technology’s chief characteristics are immersion and presence. HMD systems offer 

users functional advantages over other systems, among them, portability and flexibility, 

thereby making them an attractive – some would say seductive - alternative for learners 

to learn wholly with or in conjunction with, for example, traditional, fixed location-type 

learning strategies. 

 

This study is concerned with adults’ learning with virtual reality technology, specifically 

HMD as it affords learners greater portability and with that convenience and a 

naturalness that other virtual reality types do not. The literature reviewed for this study 

uncovered no research on adults’ learning metacognitively (Greeno, Pearson & 

Schoenfeld 1999) with HMD virtual reality technology, within an adult learning 

framework, under their own direction. Clearly, there are a host of questions to be asked 

and answered in this regard, the most important being: “can adults learn andragogically 

in a (HMD) VR environment?” 
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1.2  APPROACH 
 
 
It is the researcher’s vision that when virtual reality technology comes of age, adult 

learners will ‘live’ their learning through naturalistic strategies. Their need to decode 

vast amounts of written text will be reduced and they will be freed from having to invest 

precious mental energies into the mechanical act of learning. The researcher’s starting 

point for this thesis is that some adults learn better through adult learning approaches 

than others; that some adults prefer to learn in isolation than in groups; and some adults 

learn more efficiently with learning technologies than others. 

 

Current computer technologies are assisting people to learn with them as much or as 

little as adults’ confidence, need and skills permit. Learning style types, personality type, 

past experience and a host of others factors present obstacles to adults’ learning through 

computer technologies. Furthermore, computer technologies can be easily 

misunderstood, feared and subsequently avoided by people who do not understand 

them or have little or no experience with them. In these cases people will defer to using 

traditional learning strategies and technologies where they think they will meet their 

learning needs. But until they try a VR technology system they are unlikely to know how 

well it might service their learning needs. 

 

Research (for example, Kalawsky 1996; Reeves 1999) suggests that many of the rules and 

findings applicable to pre-VR technologies do not necessarily apply to virtual reality 

technology. Indeed, the many differences in experiments into various learning 

technologies, and human learners’ experiences with them make any comparison almost 

impossible, and the transplanting of findings from such experiments dubious. 

 

From research and the published works of many educators two things emerge: we do 

not completely understand how people learn, and as far adult learning designs go, ‘one 

suit does not fit all.’ So suggesting that one learning strategy alone would work well for 

all adult learners is speculative at best, and just plain nonsense at worst. 
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Similarly, suggesting that computer technologies alone are a panacea for adult learning 

problems and something that could resolve the shortfalls of formal learning strategies, or 

perhaps even replace them at this time of their evolution, is at best speculative. (Lowe 

2001) It took over a hundred years of book usage by masses of people to realise, looking 

back, how effective books were for educating a large number of people.  

 

Achieving effective adult learning hinges on two basic questions: What precisely is it 

that an adult wants to learn?  and When and how can an adult learn efficiently?  

Education paradigms continually fail to address these problems at the individual level. 

Not all learners want to learn in groups. Some prefer to learn individually, reading a 

book, or surfing the net, or through other means. So why not learn through touring a 

virtual world alone? 

 

Adult learning theory has been chosen as the foundation learning theory in this study 

because andragogy recognises that adults learn differently to children and adolescents. 

Self-directed learning was chosen because it is characteristically learner-centric and, in 

the form accepted in this study, affords the learner greater control than other learning 

strategies provide. Virtual reality technology was chosen through its promise to provide 

learners with a wider range of learning options than any other single learning 

technology. Finally, the concept of information management was included because it 

addresses the problem of organising information. A successful self-directed adult 

learning strategy is contingent upon that. 

 

This study therefore looks at what adult learners need and want of a VR learning system 

supporting their learning self-directedly within a (VR) environment that is consistent 

with the principles of adult learning. It endeavours to form a bridge between adult 

learning theory and VR technology to build a theory of adult VR learning. 

 

The Virtual Reality Self-Directed Learning (VRSDL) system developed in accordance 

with this aim produced data from which the VRSDL model was then formulated. The 

model is presented as a framework of assumptions of learner-centred self-directed 

learning in Chapter 4, and is discussed as a single construction model in Chapter 7. 
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1.3  RESEARCH PURPOSES 
 
 
The primary purpose of this study was to produce from experimentation and the 

literature, a model of self-directed adult learning using HMD virtual reality technology. 

It was the researcher’s intention that the developed virtual reality adult learning model 

would embrace Knowles’ (1995) learning principles, Lindeman’s (1926) assumptions and 

the findings of emerging adult learning theorists that complement the work of these two 

major theorists. 

 

The researcher anticipated that this study would propose principles additional, and 

complementary to those derived by Knowles, needed by adult learners to learn 

andragogically within a VR environment, to inform theory in this field. 

 

A strategy of this study was to compare the responses of learners using virtual reality 

technology to those using two other widely used self-directed learning media: books and 

the world-wide-web. The aim here was, through a three-way comparison, to determine 

whether virtual reality technology is better at servicing adult learners’ self-directed 

learning needs than either books or the world-wide-web. 

 

Significance of this Research 

 

Learning technologies generally are becoming more diverse, efficient and available to 

the general public, and adult learners are more proactive about how and what they 

learn, better informed of how to achieve more efficient learning, and more conversant 

with the use of computer technologies. Investigating the efficacy of virtual reality 

technology to support adults’ learning self-directedly is both timely and important to 

both individual learners and anyone with an interest in the field of human learning. 

 

At a time when VR technology has both reached a level of maturity and quality to apply 

effectively in a learning experiment, and is poised to become affordable for use in 

mainstream education as well as personal learning settings, this study is timely in its 

investigation of how well VR technologies are able to service self-directed adult learning. 
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There are numerous accounts of adult learners learning through virtual reality 

technology, but only a small number of research papers contain any qualitative evidence, 

and almost none contain any empirical evidence of its worth. Furthermore, there is a 

notable absence of research into adult learning with VR technology in the literature.  

 

This study investigated adult self-directed learning through VR technology to extend 

adult learning literature in the areas of self-directed learning, learning styles theory and 

technology-based learning, and information technology literature. Although desktop VR 

technology has become commonplace in recent years in major countries, other forms of 

VR technology are still limited in their availability.  

 

This study aims to stimulate interest among adult learners and adult educators in 

alternative learning methods and the issues associated with adults’ learning through 

virtual reality environments. 

 
 
1.4  LITERATURE REVIEWED 
 
 
The theoretical basis of this study is the intersection of two fields: adult learning, and 

learning technology. The study has links across the fields of information technology, 

human psychology and management. In the literature, adult learning and learning 

technology are distinctly separate lines of discourse, and discussion linking adult 

learning and VR is rare; and responds to Clark’s (1983) call for researchers to ‘refrain 

from producing additional studies exploring the relationship between media and 

learning unless a novel theory is suggested’ (p457). 

 

For this study, the researcher sought out literature from each of these fields that was at 

the same time complementary, and would contribute to, the development of an adult 

self-directed virtual reality learning system and model. Adult learning literature is 

reported in Chapter 2. 
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Unlike adult learning research, VR technology learning research is sparse. It is a 

relatively new field, though developing rapidly. VR research featuring adults learning is 

almost exclusively concerned with pedagogical learning designs. Consequently, the 

contributions of VR literature to discussion on adult learning practice is of limited use. 

VR technology research is considered in Chapter 3. At the time of writing, no research 

centres dedicated specifically to investigating andragogical learning with VR technology 

were identified. 

 
1.5  RESEARCH METHOD 
 
 
This study is at the same time both basic and applied research. Basic in that it extends 

the theoretical principles described in the literature on this topic area, and applied in so 

much as the VRSDL model produced from the study can be activated. 

 

An experimental research method (that is, a laboratory experiment) was used in this 

study to collect quantitative data measuring participating adult learners’ demographic 

characteristics and learning achievement. To add depth to the study, qualitative data 

was collected on participants’ views of their learning experience. 

 

These two data types were then compared factorially and produced findings, which in 

turn led to the production of principles for the VRSDL model. 

 

Questions for research 

 

The overarching question for this study was: ‘Can an adult learn in an adult way in a 

virtual reality environment?’ Underpinning this question are four interrelated questions: 

 

1. how well can an adult learner learn individually, by self-direction in a virtual 

reality technology ‘world’?;  

2. is a VR environment able to support all adults’ learning through self-direction 

better than two other established self-directed learning media? (in this study, 

a book and the internet);  
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3. can adults learn better self-directedly in a virtual reality environment than 

they can with books or the world-wide-web?; and  

4. which adult learner types learn best with VR technology? 

 

To test these questions, a three-way comparison was made of VR system learners with 

learners using a book learning system and an internet learning system. 

 

For the purpose of this study, ‘better’ (as in better learning) has been defined as: learning 

the most facts, perceiving the learning environment as satisfactory, and having a positive 

view of the (experimental) learning experience. 

 

Other questions for research stemming from these questions are: 

 

1. do adult learners actually want to learn in a virtual reality environment? 

2. what control does a learner require over a virtual reality learning system? 

3. what environmental conditions do adult learners want in a virtual reality 

learning experience for it to be satisfactory to them? 

4. how well can a person learn if they don’t speak the same ‘language’ as the 

learning system? 

5. what do adult learners perceive as being the limitations of a self-directed 

HMD virtual reality learning system? 

6. what technological limitations does VR have that affect self-directed 

learners’ learning? 

7. what human factors are important to adults’ learning self-directedly with a 

HMD virtual reality-based adult learning strategy? 

 

Anecdotal evidence (Ainge 1997; Wittenberg 1993) and general research (Pasquolotti & 

Freitas 2002; Colt, Crawford & Galbraith 2001; Cho 1999; Dickey 1999; Slator et al 1999; 

Pakala 1997; Todorov, Shadmehr & Bizzi 1997; Bricken W. 1990) suggests that adults are 

capable of learning, self-directedly, in a virtual reality environment. But how well they 

learn self-directedly with virtual reality technology in comparison with book and 
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internet ‘systems’ is not known. There are many intervening variables that impact on 

researching this problem. Those important to this study are described in Chapter 5. 

 
 
1.6  SCOPE 
 
 
This study was both of necessity exploratory and investigative. The VRSDL model was 

conceived from the literature, up to 2005, from many disciplines. Bridges were formed 

across areas of research not normally linked in order to pursue the chosen line of 

investigation. This study was investigative in its research design and critical analysis of 

the literature and experimental data. Since 1999, the literature has featured new 

developments. This study includes the literature published after the experiment was 

conducted, where it was found to have implications for this thesis’ findings. 

 

In the context of self-directed adult learning, this study looked for causes and effects 

between each of three groups of learners and their learning medium; between each 

learner learning style type and their learning medium; and the intersection of the four 

learner learning style types and three learning media (cells). The study also examined, 

briefly, the experiences of demographically different sub-groups, for example, English as 

Second Language (ESL) participants. 

 

This study is not concerned with educational institutions’, workplaces’ or their agents’ 

perspectives of what a learner should learn. It is also not concerned with the paradigms 

‘education’ or ‘training’, nor with the principles and practices of child or adolescent 

teaching and learning. Where discussion on these appears in this thesis it is for the 

purpose of drawing a comparison between strategies, or to illustrate an aspect of the 

problem under investigation only. 

 
 
1.7  ORGANISATION OF THE THESIS 
 
 
This thesis comprises seven chapters. Chapter 1 introduces the thesis. Chapter 2 reviews 

the literature on adult learning theory. Chapter 3 discusses virtual reality technology and 
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computer-mediated learning models and learning technologies. Chapter 4 converges the 

concepts found in Chapters 2 and 3 and describes the Virtual Reality Self-Directed 

Learning (VRSDL) framework that was subsequently constructed to test the research 

goals, and produce the VRSDL model. 

 

Chapter 5 describes the method used to investigate the problem for research. Chapter 6 

describes the study’s experiment results; and Chapter 7 discusses the findings from 

research and offers conclusions and recommendations for further research. A Reference 

List and Appendices follow Chapter 7. 
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Chapter 2 
 
 

Adult Learning Literature 
 
 

 
... if there is one truth about modern man, it is that he lives in 
an environment that is continually changing.  
 

(Rogers in Knowles, 1990 p77) 
 

 
 
Adult learners have available to them today many theories of human learning, and 

many more systems, strategies, designs and media with which to learn. However, they 

do not necessarily possess an understanding of these theories nor know how to apply 

them to achieve the best results for themselves. 

 

The aim of this chapter is to introduce the reader to the body of theoretical knowledge 

pertaining to adults’ learning, highlighting theories and techniques that are considered 

most relevant to modern day adult learning needs and lend themselves to being applied 

to virtual reality learning systems.  

 

In this chapter, a range of learning theories and techniques relating to the research 

problem, including adult learning theories are outlined. Discussion of learning with 

technologies is in Chapter 3. 

 



Chapter 2: Adult Learning literature 
 
 

 

 2-2 

 
2.1 LEARNING IN THE 21ST CENTURY 
 
 
Society generally has become progressively more complex in recent decades. Popular 

authors claim that it has something to do with the widespread introduction of computers 

in the mid-1980’s and others say that it is technology that has changed to meet changes 

in society.  Regardless, rapid changes in societies and in technologies have led to changes 

in the way people now go about their lives, and have introduced a seemingly permanent 

pressure on people to achieve more and to know more with no more time in which to do 

that. 

 

Knowledge and experience of learning gained from nearly a century of learning theories 

is readily available to people through a variety of communication media. However, 

conventional educational institutions are cited frequently in the literature as continuing 

to teach adults using techniques that are widely used to teach children and using 

teaching technologies that are relatively primitive. 

 

The need for adults to keep up with changes represents a growing problem for both 

society and themselves. The need to learn and to learn quickly and efficiently has taken 

on new meaning for many people across many western societies, which has in turn led 

to a surge in interest in learning by both adult learners and educators in the decades-old 

concepts of lifelong learning and self-directed learning, each being revisited and 

redefined in the context of technology-based learning. As people increasingly feel time-

poor and under pressure to learn more in less time, a catch-phrase that has entered the 

language of many adults at the doorstep of the 21st century is to learn efficiently. 

 
 
2.1.1  Learning efficiency for individuals 
 
 
When does an adult learn ‘efficiently’ and who decides what ‘efficient learning’ is? 

Looking to education literature, there are numerous accounts of education systems and 

theories in which people are processed in a cycle of learning, starting with a teacher-

designed curriculum and ending with an evaluation of performance. Accounts describe 
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learning designs that are characteristically linear and pedagogical within systems that 

are based in society’s need to educate people as a mass. Education and training literature 

is littered with opinions that are often contradictory. For example, Glaser held that 

education ‘seeks to maximise individual differences by discovering and releasing the 

potential of the individual’ (in Knowles 1990 p115) whilst Sims and Sims (1995 p5) said 

that many courses are designed without consideration of individual learning differences 

and motivation. 

 

There are an unfortunate number of recurring accounts citing adults holding 

unfavourable views of education and learning as a result of their unsatisfactory 

schooling experiences, which have in turn coloured their views of learning in adulthood. 

(Schuyler 1997; Popper & Lipshitz 1992; Carlisle 1985) Comments on the subjugation of 

adults’ learning needs, underuse or misuse of learning technologies by educators 

through their having limited capacities and/or skills in the use of such, no or minimal 

control by learners in educational models applied to them are common in the literature. 

(Barab, Thomas & Merrill 2001; Van Rooij 2000; Cambiano, Harvey & Martinez 1999; 

Patterson & Pegg 1999; Schuyler 1997; Zenger 1996; Thiele 1993; Carlisle 1985; Candy 

1981) 

 

Humans are diverse and function in environments of uncertainty. For adult learners, 

some ‘traditional’ education practices, for example, classroom teaching, have been 

described as being in conflict with or ignoring learners’ inner-drives (Owens, Hester & 

Teale 2002; Barab, Thomas & Merrill 2001; Scagnoli 2001; Ward 2001; Van Rooij 2000; 

Cambiano, Harvey & Martinez 1999; Patterson & Pegg 1999; Schuyler 1997; Eddy & 

Spaulding 1996; Zenger 1996; Cleaver 1994; Thiele 1993; Carlisle 1985; Candy 1981). 

Building on the knowledge of others before him, Knowles developed learning 

assumptions (andragogy) that provide a framework for effective adult learning. Under 

Knowles’ conception, educators hold primary decision-making roles in adult learning 

events. His model differed from the education model in that it centred on an adult 

educator ‘supporting’ the adult learner rather than leading him.  
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Miller and Boud (1996) noted that: 

 

Learning through experience is the normal commonplace approach to learning... 

When we learn, we engage in a complex process which draws on the behaviour, 

knowledge and skills of people around us as well as on the material and 

informational resources of the world. ... A great deal is known about teaching 

and being taught ...However, much less attention has been given to learning in 

context, and in particular, little is known about learning in settings outside the 

classroom. Yet the larger part of the learning undertaken in the world takes place 

under theses circumstances.(p4) 

 

De Vries (1996) examined distance learning and concluded that ‘technology provides 

another delivery method for the teaching and learning of a subject matter’ (p180)  and 

held that interactivity was the key to effective learning. Similarly, in his examination of 

the World Wide Web, Fleischman (1996) supported the importance of interactivity 

adding that it makes learning possible, can be used at any time with simulations and 

real-time chats with other learners, and would usher in other opportunities for adult 

learners. As a theory of adults’ learning, andragogy has progressed the works of 

Lindeman (1926) and embraced broadly the principles of learner-directed learning 

discussed by Tough (1979), Houle (1980), Knowles (1980), Long (1990), Long and 

Associates (1993), and several other adult learning theorists to form a modern theory of 

adult learning. However, as a theory, andragogy has yet to forge a meaningful link 

between learner-directed learning, information preparation and delivery strategies and 

virtual reality technology. This thesis aims to make those links apparent. 

 
 
2.1.2  The two educations 
 
 
There are two education paradigms operating in parallel in society today: one for 

children and one for adults. The major construct for child learning is pedagogy, and for 

adult learning, andragogy. Though different in their application, both have their roots in 

the same complex range of human learning theories. (Knowles 1990) 
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Pedagogy is a dominant construct in all human learning theory and practice. It is widely 

found in education settings such as schools, colleges and universities. As the foundation 

theory of adult learning theory it is prolific in education and in training environments in 

which adults are found. 

 

Adult learners begin their lifelong learning journey at childhood. When they become 

adults they change and with that their needs and way of doing things also change. 

However, in later life the educational processes they experienced as children continue to 

be applied to them in formal learning environments and in work settings, and that 

presents as a problem where adults become conditioned to expect to learn in adulthood 

as they did when they were a child. 

 

Many of the concepts of child-based education have flowed into adult learning theories 

and practice and that holds distinct advantages. There are however also drawbacks from 

this, such as where pedagogic strategies are applied unsuccessfully to adults in colleges 

and universities. 

 

Generally speaking, educational institutions are genuinely concerned with students 

learning. But education designs are not concerned with the needs of individual learners. 

Similarly, industry-led training designs that are characterised by focussing on skills-

based learning through rote learning and activity imitation – features that are found in 

child-based education - fall short in embracing adult learners’ need to learn in an adult 

and an individual way. 

 

Gessner (cited in Knowles 1990 p101) observed that: 

 
One of the chief distinctions between conventional and adult education is 
to be found in the learning process itself. [and] ... In an adult class the 
student’s experience counts for as much as the teacher’s knowledge. 
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2.1.3  Adult education from adult learning 
 
 
As early as 1926, Lindeman published leading views of adult education that still apply 

today. Among these, he described adult education as ‘an attempt to discover a new 

method and create a new incentive for learning’. (Lindeman cited in Knowles 1990 p30)  

 

Typical of Lindeman’s views, and one that is particularly significant to this study, is his 

conception of adult education: 

 
a cooperative venture in nonauthoritarian, informal learning, the chief 
purpose of which is to discover the meaning of experience; a quest of 
the mind which digs down to the roots of the preconceptions which 
formulate our conduct; a technique of learning for adults which makes 
education coterminous with life and hence elevates living itself to the 
level of adventurous experiment. (Lindeman, cited in Knowles 1990 
p31) 

 
Within this statement, Lindeman described adult education as a ‘technique of learning’, 

and in doing so has inferred that education theory is a sub-set of learning theory. 

 

A number of learning theorists have followed Lindeman, each proposing theories that 

extended, complemented and in parts contradicted one another. Adult learning 

literature is populated with endless debate on what constitutes best learning practice, 

methods and theories and also with suggestions that effective learning can only be 

achieved by blending theories and not by one single theory.  

 

A number of authors appear dogmatic in their view that adults cannot learn effectively 

without an educator to facilitate learning. Others suggest that educators adopt a 

facilitative agency role. Still others query the need for an educator at all, claiming that 

adults are fully capable of learning self-directedly without human intervention. 

 

Historically, institutions of learning have dominated education practice, and their 

instruments (teachers and trainers) have dominated formal adult education and learning 

strategies, driving adult learning in the direction social institutions and organisations 

preferred, sometimes at the behest of learners’ needs. In such cases, adult learning 
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activities have largely replicated child learning activities due to principles of curriculum 

design rather than difference in learning principles.  

 
 
2.1.4  The training and teaching of adults 
 
 
The concept of ‘training’ is similar to that of education as a learning process, but 

different in as much as training emphasises the transfer of skills to adults for work-

related purposes. Adult training events are delivered by trainers most often found in 

non-teaching institutions, for example, businesses, government agencies, community 

organisations. Trainers’ roles in the learning process is to facilitate learning, or better 

still, formulate environments of learning. 

 

Training adults 

 

A much documented perception held by adults of training events is that they replicate 

schooling.  Through their experiences with school education, adults are reported in the 

literature as looking upon the environment of learning as one of regimentation, rows of 

learners, all alike (Stuart 1992). Kowall (1995) recounted school education as: ‘a teacher 

in front of a room, lecturing a group of students.’ On students, Stuart (1992) described 

them as being ‘as different from each other as snowflakes.’ 

 

Teaching adults 

 

The paradigm of teaching says that teachers know what is best for learners, and go about 

organising strategies for delivering knowledge to learners according to that premise. 
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Kingsley and Garry summarised the teaching function as: 

 
... careful lesson planning with due regard for suitable arrangement and 
orderly presentation is essential for good teaching.  Practices conducive to 
the establishment of appropriate relations and organization include 
starting with the familiar, basing each step on those already taken, 
putting together facts which belong together, grouping items according to 
their natural connections, placing subtopics under the topic to which they 
belong, using illustrations based on the learner’s experience, giving major 
emphasis to essentials, centering supporting details around the main 
points, and avoiding irrelevant details.  (Kingsley and Garry cited in 
Knowles 1990 p72) 

 
Concepts about teaching have roots in Dewey’s ideas and in those of the cognitive 

theorists.  They are referred to as the discovery method, the inquiry method, self-

directed learning, or problem-solving learning (Knowles 1990 p90).  Bruner is a 

proponent of this approach to teaching and makes a distinction between teaching in the 

expository mode and teaching in the hypothetical mode.  Knowles (1990) commented on 

Bruner and the hypothetical mode, saying:   

 
The hypothetical mode leads to students’ engaging in acts of discovery, a 
process which Bruner sees as having four benefits: (1) increasing 
intellectual powers, (2) shifting from extrinsic to intrinsic rewards, (3) 
learning the heuristics of discovering and (4) making material more 
readily accessible in memory.  This mode is more congruent with and 
more likely to nurture the will to learn. (Knowles 1990 p91) 

 
Knowles described Bruner’s system as being ‘predicated on the existence in all people of 

the will to learn’ (Knowles 1990 p91).  

 

Principles of teaching 

 

Hilgard deduced principles of teaching of three families of theories that equate with the 

conceptualisation of the role of the teacher, illustrated in Table 2-1. (Knowles 1990 

pp67-68) 
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Table 2-1: Teaching principles of three families of theories 
 

 
Stimulus-Response 

Theory 
 

 
Cognitive Theory 

 
Motivation 

and Personality 
Theory 

Active learner 
 

The perceptual 
features 

Learner’s abilities 

Frequency of 
repetition 

The organization of 
knowledge 

Postnatal 
development 

Reinforcement 
 

Culturally relative Culturally relative 

Generalization and 
Discrimination 

Cognitive feedback Anxiety level 

Novelty 
 

Goal setting Appropriate 
motives 

Drive Divergent thinking Organization of 
motives 

Conflicts and 
Frustrations 

 Group atmosphere 
 

 
 
The three families of theories illustrated in Table 2-1 each purport to achieve the same 

purpose and level of success when applied in teaching. Whilst similar in their intent, 

they differ from each other in their terminology. Important to this study is that these 

three families of teaching principles encapsulate key behaviours and characteristics that 

learners possess and demonstrate during learning events, and also design principles for 

learning environments. 

 
 
2.1.5  Technology-based learning 
 
 
Monumental strides in the development of computer technologies capable of assisting 

adult learning have occurred over the last two decades.  Almost by stealth, the fields of 

education and learning have seen the entrance of advanced technologies offering adults 

learning content and media in a large number and range of formats. 

 

Computer technologies are more often than not perceived by people as a convenient and 

cost-effective alternative to traditional methodologies. The field of education and 

learning is not exempt from their seductive promises. 
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Adults do learn formally, informally and non-formally (Foley 1995, 2000). In so doing it 

raises the question: are adults socially conditioned through their schooling experiences 

to turn first to an institution, rather than seek out self-directed learning strategies to 

service their learning needs, and does this impede their adoption of technology-based 

learning options? 

 

 
2.2  LEARNING PROCESSES, THEORIES AND MODELS 
 
 
Significant progress in human learning theory and designs have been made over the last 

century in the form of refinements to, and greater understanding of, adult learning.  

However, the theories and designs have not necessarily developed at the same rate as 

changes in society and developments in technology.  

 

Educators (ChanLin, Huang & Chan 2003; Bouras, Kapoulas, Koubek & Mayer 1999; 

Liao 1999; Chou, Hsu & Yao 1997) have described learning systems that are ‘effective’ in 

getting people to learn.  Where the criteria for measuring effectiveness are based upon 

processing given numbers of people within an educator-determined timeframe and cost, 

then such education and training models probably are effective.  Some authors prefer 

such methods for adults and see no problem with continuing with these models, nor a 

reason to move away from them.  But how relevant are these systems for adults? 

 
 
2.2.1  Learning definitions 
 
 
Investigations into the concept of learning have emanated mostly from the field of 

psychology and have spread to and gained impetus in other fields and disciplines, such 

as education. Definitions offered by a wide range of authors in the fields of education, 

cognitive psychology and humanistic psychology, and other fields with an interest in the 

concept learning, on what learning means to them (for example, Burton (1963); Haggard 

(1963); Cronbach (1963); Skinner (1968); Rogers (1980); Crow & Crow (1963); Kimble & 

Garmezy in Sims & Sims (1963)) are generally in agreement on what constitutes human 

learning. 
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Learning has been defined by learning theorists and educators from a myriad of 

perspectives.  Their positions have varied according to their world view, with some 

concluding child learning is no different to adult learning while others separate the two, 

and others see learning as a continuum (for example, see Knowles 1990 p116-117). 

 

Definitions of learning that have appeared in education and learning literature, and that 

together capture the complex nature of learning, are: 

 
Learning involves an active process. (Sheal cited in Sims & Sims 1995 p4) 
 
(Learning is) a completely internal process controlled by the learner and 
engaging his whole being in interaction with his environment as he 
perceives it. (Rogers cited in Knowles 1990 p42) 
 
Learning is a change in the individual, due to the interaction of that 
individual, and his environment, which fills a need and makes him more 
capable of dealing adequately with his environment. (Burton cited in 
Knowles 1990 p5) 
 
Learning is shown by a change in behavior as a result of experience. 
(Cronbach cited in Knowles 1990 p6) 

 
Sims and Sims (1995 p6) added a qualifying factor, saying that learning occurs ‘where 

the learner is the primary focus of the instructional system.’ 

 
Significant among these and other definitions are several terms that occur frequently. 

That is: ‘change in the individual’ (attitude, behavior); ‘an internal process’, and 

‘experience’ (interaction, environment).  Whilst there is variation in the emphasis and 

terms used to explain learning, and hence diversity in theorists’ viewpoints, what 

emerges most among these definitions is concern for the learner and how learning 

affects the individual personally. 

 

Other definitions have spoken of the learner as though an object, or of the evidence or 

the consequences of learning taking place. In such definitions, learning is treated as a 

product or as a process and the learner as a part of that product or process. On when 

learning occurs, Odiorne (1991) suggested that learning theorists disagree as to when 



Chapter 2: Adult Learning literature 
 
 

 

 2-12 

learning occurs. His conclusion was that learning happens in a ‘magic moment’ 

somewhere between present behavior and desired behaviour. 

 

Learning can therefore be concluded as a complex arrangement of sub-concepts and 

processes that embrace states of adult learning, adult learners, and a range of other 

factors. 

 
 
2.2.2  Learning theories and studies 
 
 
Learning theory is grounded in the field of psychology.  It makes up a substantial part of 

the study of behavior (Odiorne 1991).  Many learning theories, and complementary 

techniques, tools and machinery with which to organise, improve, and accelerate human 

cognitive performance were developed in the twentieth century, and included numerous 

studies into adult learning. It is not unusual to find theories of human learning based in 

experiments on animals, or which treat human learners as entities separate from their 

environment (laboratory learning experiments). 

 

There have been attempts to bring order to the number of theories that have grown over 

time to enable a better comparison of their findings as well as to further progress 

understanding of learning. Many views of how learning theories should be grouped 

have been proposed.  For example, McDonald (1964) identified six ‘categories’; Kingsley 

and Garry (1957) and Taba (1962) each identified two ‘sets’ - though each used different 

labels for the sets; Gage (1972) identified three ‘families’; and Hilgard and Bower (1966) 

observed two ‘families’: stimulus-response theories, and cognitive theories, but declared 

‘not all theories belong to these two families.’ (Hilgard & Bower 1966 p8); and Reese and 

Overton (1970) conceptualised learning theories into two ‘world views’: ‘mechanistic 

models’ and ‘organismic models’. For its broad-ranging application and relevance to the 

aims of this study, Reese and Overton’s views will be further outlined. 

 
Two world views: Mechanistic and Organismic 
 
Reese and Overton (ibid) classified learning theories according to their approach to 

learning. In that, they identified two major models: the ‘mechanistic (theories) model’ 
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and the ‘organismic (theories) model’.  Reese and Overton’s two world views began 

primarily with the views of Thorndike (mechanistic) and Dewey (organismic).  

Mechanistic theories use the machine as their basic metaphor and are based in studies of 

human behavior.  Mechanistic theorists include Pavlov, Watson, Guthrie, Skinner and 

Hull. Organismic theories are holistic. Their basic metaphor is the organism, a living, 

organised system. Organismic theorists include Wertheimer, Lewin, phenomenological 

psychologists, perceptual psychologists and humanistic (third force) psychologists. 

Straddling both mechanistic and organismic views - with a leaning toward mechanistic 

models - is Tolman’s system. (Knowles 1990) The relationship of these two models, and 

several major theorists and schools of theory within each model, is illustrated in Figure 

2.1. 

 
 
Figure 2.1: Mechanistic and Organismic learning models and their theorists 
 

MECHANISTIC

Thorndike

Pavlov

Watson

Guthrie

Skinner

Hull

ORGANISMIC

Dewey

Wertheimer

Lewin/Gestalt Psychologists

Phenomenological Psychology
Perceptual Psychology

Humanistic Psychology (third force)
Clinical psychology

Tolman

‘World Views’ (Reese and Overton 1970)  
 
 
There are many more theorists and schools of theory than those listed in Figure 2.1. It is 

not comprehensive, but does identify several trends in theory. For instance, Reese and 

Overton (1970) have implied there is balance in the number of theories within each of 

their two models and a succession of theories of like-thinking theorists in the 

mechanistic model and in the ‘schools’ in the organismic model. 

 

I I 
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Mechanistic Theories 

 

Mechanistic views have gained widespread use in both adult and child education.  They 

have centred primarily on behavioral and stimulus-response type concepts of learning 

and gained popularity in their broad use in the world’s military forces’ training systems 

such as the Instructional Systems Design (ISD), and through educational institutions.   

 

The mechanistic theories include the theories of behaviorists and cognitive theorists. The 

first mechanistic theory in the USA was proposed by Thorndike.  His system was the 

‘original stimulus-response psychology of learning’ (Knowles 1990 p18). Other stimulus-

response theorists included: Pavlov, Guthrie, Skinner and Hull; and B.F. Skinner and his 

associates were renowned for their work with programmed instruction and teaching 

machines, popular in the 1960s. (Knowles 1990) 

 

Thorndike’s theory which was dominated with views of learning based in ‘association’ 

and ‘stimulus-response’ type experiments on animals. The findings were then 

extrapolated to humans (Knowles 1990 p20).  He proposed that three laws governed the 

learning of animals as well as humans: the law of ‘readiness’, the law of ‘exercise’ and 

the law of ‘effect’ (Knowles 1990 p18).  His work was followed by Pavlov and Watson, 

and the work of all three was subsequently built upon by Guthrie. (Knowles 1990) His 

ideas were also later used as a sub-foundation of behaviorists' theories in which man 

was seen as another type of animal (Goble 1971), and the emphasis on learning was 

placed on external, environmental influences (Knowles 1990 p39). 

 
Among the cognitive theorists were Bruner, Tolman and the classical Gestaltist 

psychologists (Knowles 1990).  Bruner - although an adherent of the organismic model 

and not literally a learning theorist - viewed the act of learning as involving three 

processes: acquisition (of new information); transformation (the process of manipulating 

knowledge to make it fit new tasks); and evaluation (Bruner 1966). 
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Organismic Theories 

 

The organismic theories include functionalism, experimentalism, and the family of ‘field 

theories’ (Gestaltists, humanistic psychologists and third force psychologists). The first 

organismic view was made by Dewey when he began a line of theorising labelled 

‘functionalism’.  Functionalism was born out of Dewey’s ‘emphasis on the role of interest 

and effort and on the child’s motivation to solve his own problems.’ (Knowles 1990 p21)  

Functionalism in turn fostered ‘experimentalism’, and is reflected in the work of 

Woodworth, Carr, McGeogh, Melton, Robinson and Underwood. (Knowles 1990 p21) 

 

Field theories ‘propose that the total pattern or field of forces, stimuli, or events 

determine learning.’ (Knowles 1990 p23)  Lewin’s field theory ‘conceptualized each 

individual as existing in a life space in which many forces are operating’ (Knowles 1990 

p23).  He was concerned mostly with the concept motivation. 

 

Other field theories are Gestalt psychology, humanistic psychology and third force 

psychology (Knowles 1990 p22). The Humanistic clinical psychologists (referred to as 

third force psychologists) concern themselves most with problems of learning (Knowles 

1990 p39). Third force psychologists (for example, Rogers and Maslow) are concerned 

with the study and development of fully functioning persons (Knowles 1990). 

 
Also within the organismic model is Tolman’s (behavioristic) theory. Tolman’s system 

bridges mechanistic and organismic models. Tolman is different from other theorists in 

that he sees behavior as purposive and ‘believed that organisms, at their respective 

levels of ability, are capable of recognizing and learning the relationships between signs 

and desired goals’. (Knowles 1990 p21) 

 

In the latter part of the twentieth century, other investigations into human learning were 

carried out by Kolb (1984) (learning style), Rose and Nicholl (1997) (accelerated 

learning), and Herrmann (1989) (whole brain learning) - new frontiers of inquiry into 

learning that aimed to expand upon the knowledge in existing learning theories. 
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From theories of learning have followed many learning studies examining the many and 

varying causes and conditions responsible for human and adult learning. For example, 

Brainard and Ommen (cited in Sims & Sims 1995 p91) found significant differences 

based on gender. Matsuzak, Hunter and McCants, Hawkins, Sanley, Zack, Raines, De 

Coux, and Dille and Mezack examined learning styles and achievement. (Sims & Sims 

1995 p89)  Matsuzak (cited in Sims & Sims 1995 p88) found that, by engaging the 

learners from the perspective of their learning styles, students ‘learned how to learn’. 

Purkiss (cited in Sims & Sims 1995 p91) provided statistics on the relationship between a 

student’s style and academic success that showed that style did play a highly significant 

role but that it was the abstract conceptual student who benefited across the span of the 

curriculum at the expense of the concrete learners. Kolb (1978, 1981, 1985) developed a 

learning styles instrument to measure student learning preferences. 

 

Mechanistic and organismic learning theories appear to have evolved together and in 

balance. A majority of Western society’s education and learning practice has been based 

on mechanistic concepts of teaching and learning in both child and adult learning 

events.  The net result for adult learners has meant that a majority of teacher-led learning 

events have been teacher-centred learning, and not of the learner-centred learning 

opportunities and practices espoused by organismic and adult learning theories.  

 

Knowles (1990 p54) said: ‘adults have by and large been taught as if they were children 

until fairly recently.’ Knowles (1990) further observed: ‘only in the last two decades have 

these notions evolved into a comprehensive theory of adult learning.’  These two major 

views on learning have evolved together, and co-existed for decades. While the early 

learning theories were predominantly mechanistic, organismic theories have enjoyed 

greater attention in recent decades and have thus contributed to the development of 

techniques of learning (Knowles 1990) and a third model of learning: the Andragogical 

model. 

 



Chapter 2: Adult Learning literature 
 
 

 

 2-17 

 
2.2.3  Learning factors and learner characteristics 
 
 
Learners hold a multitude of characteristics that make each one unique, and people as a 

population, difficult to map. In learning events, scholars and educators use the common 

characteristics that learners hold to assist them to design learning models, systems and 

environments. Similarly, learning models, systems and environments also contain a 

multitude of characteristics with which learners interact. Good learning models and 

systems designs logically link both. However, trade-offs are inevitable between the two 

to achieve ‘best fit’. Characteristics of learners commonly described by authors (for 

example, Knowles, 1990) include: the ability to learn, motivation to learn, kinds of 

learning, learning evaluation, learning gaps, and obstacles to learning. 

 

Ability to learn 

 

Authors' views on ‘learning ability’ are dominated by the giants among them, they being 

Thorndike (1928) and Sorenson (1938).  Discussions on a human’s ability to learn lead to 

comments and judgements about learners as individuals as well as about their 

intellectual capacities.  Knowles’ (1990 p115) view of learning ability was that ‘general 

intelligence is part of it, but I think it also includes previous exposure to the content, 

readiness to learn, motivation, and perhaps other factors.’ 

 

Before entering into a learning event, it is both important and logical that some 

understanding of a person’s learning ability should first be determined.  A person’s 

cognitive capacity will not always be equal to that required for the event to be successful; 

nor pre-arranged resources, monitoring the learning process and measuring the learners’ 

performance necessarily appropriate.  The self-directed learner may also not necessarily 

make conscious decisions in these matters, but prefer to let the learning event unfold 

according to some loose conception of learning, based in either past experience, or whim. 

 

Learning events are usually not ad hoc in their application when under the control of a 

professional educator.  They undergo a process of scrutiny, classification and 

organisation.  Through that process, several categories of an operation’s complexity can 
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be determined, ranging from simple to complex task difficulty and low to high learner 

ability. Once that process is completed, an appropriate theory and learning strategy can 

then be selected and applied to the learner with some certainty of achieving a ‘best 

match’ of learner to learning.  Knowles (1990) offered three scenarios that illustrate this 

approach: 

 
• If the operation to be learned is fairly simple, and the learner’s ability is 

fairly low: use behaviorist theories, programmed instruction, linear 
computer-assisted instruction, behavior modification, and drill 
strategies. 

• If the learning task is moderately complex: use cognitive theories and 
didactic teaching. 

• If the learning task is highly complex, and the learner’s ability is high: 
use humanistic theories, self-directed learning projects.  

(Knowles 1990) 
 
Motivation to learn 

 

The motive for learning is an important factor in the process of learning and is dealt with 

by many theorists. Outstanding among them are Maslow (1970), Rogers (1980), and 

Knowles (1975, 1990).  Learners’ expectations of their learning performance is not always 

consistent with their motivation for learning.  For example, a learner’s reason for 

learning may be generated through the need to benefit others and not themselves - such 

as learning that is orientated wholly to satisfying an employer’s, but not an employee’s 

(learner’s), needs. 

 

Environmental pressures put upon people to perform tasks that may be unrealistic or 

just simply outside their abilities are also not uncommon. Kowall (1995) observed: 

 
Too often, people expect to be expert as they walk out of the training 
classroom.  But this is seldom the case.  Learning the skills involves 
practice and making mistakes and learning from mistakes.  Training is 
only one part of a larger overall learning process.  Managers often put 
unnecessary pressure on employees by expecting miraculous results the 
day after training. 

 

Employer-sponsored learning (training) events do not need to be perceived as having 

only a work purpose.  There are good motives for learning, and not so good motives, 

and obviously a middle ground between these two extremes within which most 
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employment-based training activities fall.  The importance of producing learning 

processes within environments that not are only conducive to positive learning, but 

which embrace the best and most appropriate theories, techniques and methodologies 

needed for a given situation, is fundamental to adult learning. 

 

In keeping with modern views of people management, Stuart (1992) observed: 

 
...companies that provide the tools for learning and make their culture of 
learning evident have employees who are empowered to become their 
own trainers and to take charge of their own learning processes 
throughout life. 

 

The importance of ‘empowerment’ and ‘self-directed learning’ for the adult learner 

commented on by Stuart is a significant component part of effective learning.  Where the 

learner clearly has both choice in the content of material to be learned, and power over 

the manner in which learning takes place, there is promise of greater degrees of learning 

taking place.  Recognising the differences in the kinds and styles of learning people need 

is important to the learning outcomes. 

 

Kinds (types) of learning 

 

Adult learning has been described as being enmeshed in a multiplicity of factors. 

Knowles (1990 p115) summarised this problem saying ‘different theories of learning and 

teaching might be appropriate for different kinds of learning.’ 

 

Adults vary in their learning needs and the kinds of learning they prefer. Gagne 

proposed ‘there are at least eight different kinds of learning, each requiring different 

teaching strategies’ (Knowles 1990 p115).  The types (kinds) of learning he identified - set 

principally within the paradigm teaching - are: signal learning, stimulus-response 

learning, chaining, verbal association, multiple discrimination, concept learning, 

principle learning and problem solving (Knowles 1990 p73).   

 

Another three kinds of learning, each applicable to this study’s experiment design, are 

‘personal learning’, ‘learning by discovery’ and ‘independent learning projects’. 
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Personal learning 

Brookfield (1986) defined personal learning as ‘that learning in which adults come to 

reflect on their self-images, change their self-concepts, question their previously 

uncritically internalized norms (behavioral and moral), and reinterpret their current and 

past behaviors from a new perspective’ (Brookfield 1986 p213).  He observed that 

personal learning ‘entails fundamental change in learners and leads them to redefine 

and reinterpret their personal, social, and occupational worlds’ (Brookfield 1986 p214).  

Through that process he concluded that adults ‘may come to explore affective, cognitive, 

and psychomotor domains that they previously had not perceived as relevant to 

themselves.’ (Brookfield 1986 pp214) 

 

Learning by discovery 

In his review of experiments on learning by discovery, Ausubel (1963 p171) concluded 

that arranging for pupils to discover rules for themselves was preferable to furnishing 

completely explicit rules. Discussing adults’ learning naturally, Foley (2000) also makes 

reference to learning by discovery and their need for flexible learning regimes. 

 

Independent learning projects 

Knowles said that Tough (1979) concluded in his analysis of how adults engage in 

independent learning projects that ‘goals tended to emerge organically as part of the 

process of inquiry, with various degrees of clarity and preciseness, and to be 

continuously changing, sub-dividing, and spawning offspring’ (Knowles 1990 p132). 

 

Learning evaluation process 

 

The act of evaluating a learner’s performance is a perennial problem for teachers and 

trainers as much as it is for learners, where the measurement of learning is an important 

part of an educational strategy. 

 

Knowles (1990 p139) considered evaluation ‘requires getting inside the skulls of the 

participants’ and getting ‘human’ data; and believed evaluation and measurement were 

different.  In more detail, Kirkpatrick (1975) conceived evaluation in four steps: reaction 

evaluation, learning evaluation, behavior evaluation and results evaluation. Knowles’ 
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(1990) view of Kirkpatrick’s conception of evaluation was that Kirkpatrick’s is the most 

congruent with andragogical principles. 

 

Knowles (1990 p131) observed that ‘Theorists who see learning as a process of inquiry 

expressly (and sometimes rather vehemently) reject the idea that there should be pre-set 

or prescribed objectives at all’, implying that the concept of evaluation is perceived as 

conducive to the learning process.  His own view on evaluation was that: 

 
If every learning experience is to lead to further learning, as continuing 
education implies, then every evaluation process should include some 
provision for helping the learners re-examine their models of desired 
competencies and reassess the discrepancies between the model and their 
newly developed levels of competencies. (Knowles’ 1990 p138) 

 

In saying this he reiterated the importance of the conceptions growth, 

development and self-analysis of learning needs - also referred to as learning 

gaps. 

 

Learning gaps 

 

Any training or learning event appropriately requires that an analysis of a person’s 

knowledge and/or skills - through self-assessment, or an external assessment 

methodology - be undertaken before a program of learning is undertaken.  There are a 

number of practical, including resource-related, reasons for doing this.  The product 

from such an event is usually an inventory of skill and/or knowledge needs which 

becomes the basis of a ‘training’ or ‘development’ plan.  

 
For a range of reasons, preparing an inventory is not always possible or practical.  The 

ensuing difficulties that arise from not completing an inventory was commented on by 

Coll who remarked: ‘Without an inventory, you may make inaccurate assumptions 

about trainees’ (Coll cited in Stuart 1992). Stuart’s (1992) response to this view was that 

‘if an inventory isn’t feasible, you still can gain insights into the way people approach 

their world by the way they respond to questions and how they interact with the trainer’ 

(Stuart 1992).  Stuart was, of course, commenting from the perspective of facilitator-led 

learning. 
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Speaking from the perspective of andragogy, Knowles concluded ‘the critical element in 

the assessment of the gaps [in learners knowledge or skills] is the learners’ own 

perception of the discrepancy between where they are now and where they want (and 

need) to be.  So the assessment is essentially a self-assessment.’ (Knowles 1990 p128). 

Whilst both Knowles’ and Stuart’s views are independently equally valid, it is Knowles’ 

perspective – self-direction, with learner control implied - that is preferred by the 

researcher in the learning process and strategy explored within this thesis’ study. 

 

Learning obstacles and resources 

 

Tough (1979) employed projects as his basic framework for program design. His 

research found ‘that all normal adults are motivated to keep growing and developing, 

but that this motivation is frequently blocked by such barriers as negative self-concept as 

a student, inaccessibility of opportunities or resources, time constraints, and programs 

that violate principles of adult learning’ (Knowles 1990 p63). 

 

In Tough’s learning projects strategy, learners have available to them human resources 

(experts, teachers, colleagues, fellow students, people in the community) and material 

resources (the literature, programmed instruction devices and software, and audio-

visual media).  Within Tough’s strategy learners are self-directing, and use resources 

proactively (Knowles 1990 p133). 

 
 
2.2.4  Adult learning 
 
 
Beginning with Lindeman’s concern with how adults learn, adult learning theories can 

be found in the work of both social scientists (clinical psychology, developmental 

psychology, sociology and social psychology, philosophy), and scholars in the field of 

adult education. Developmental psychology’s contribution has been to add knowledge 

about changes with age through the life span (Knowles 1990 p43) where, for example, 

Havighurst ‘identified the developmental tasks associated with different stages of 
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growth which give rise to a person’s readiness to learn different things at different times 

and create ‘teachable moments’’ (Knowles 1990 p43). 

 

Development of adult learning 

 

The practice of adult learning has been found in several ancient civilisations, for 

example, Greece, Rome and China (Knowles 1990). Since the seventh century in Europe, 

schools practised organised child learning based on assumptions about learning that 

became known as pedagogy.  This formed the basis of the Western educational system 

until the commencement of a comprehensive examination of learning, and from that 

strategies developed to educate the masses - both children and adults - at the beginning 

of the last century. 

 

From notions about adults as learners, two streams of adult learning began shortly after 

World War 1:  the ‘scientific’ stream, launched by Thorndike in 1928, and the ‘artistic’ or 

‘intuitive/reflective’ stream, launched by Lindeman in 1926.  Knowles observed that the 

scientific stream seeks to ‘discover new knowledge through rigorous (and often 

experimental) investigation’ (Knowles 1990 p28). Lindeman was concerned with how 

adults learn, and it was Lindeman’s views that were responsible for influencing a 

number of subsequent theories relating to adult learning. 

 

Research into adult learning up to 1950 was fast and concerted.  Knowles (1990 p37) 

reflected on the development of adult learning theory saying:  

 
By 1940 most of the elements required for a comprehensive theory of 
adult learning had been discovered, but they had not yet been brought 
together into a unified theory; they remained isolated insights, concepts, 
and principles.  During the 1940s and 1950s these elements were clarified, 
elaborated on, and added to ... from the various disciplines in the human 
sciences. 

 

From 1970 onwards, however, a burst of interest in learning found learning theorists and 

interpreters being ‘almost exclusively concerned with adult learners’ (Knowles 1990 

p14).  During that period of renewed interest, Reese and Overton ‘presented a way of 
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conceptualizing the [existing learning] theories in terms of larger models’ and devised 

the ‘mechanistic’ and ‘organismic’ models of learning (Knowles 1990 p15). 

 
The emergence of a new model of learning 

 

Adult learning theory does not fit neatly into either mechanistic or organismic models of 

learning.  Straddling the two models, adult learning theory has evolved as a model in its 

own right, drawing mostly on organismic theories, but demonstrating an appreciation of 

the contributions of many learning theories. 

 

As a new model, adult learning has attracted a range of definitions. One that best 

accords with the aim of this study is that of Brundage and MacKeracher (1980 p5) who 

defined adult learning as: 

 
the process which individuals go through as they attempt to change or 
enrich their knowledge, values, skills or strategies, and to the resulting 
knowledge, values, skills, strategies and behaviors possessed by each 
individual. 

 
Fundamental to adult learning theory are the terms ‘adult’ and ‘adult learner’. There are 

significant differences in authors’ definitions and use of these terms, and so the 

following definitions and discussion are offered to aid understanding of what the 

researcher means when he uses these terms in this study. 

 
What is an adult?  

 

The term adult is fundamental to the field of adult learning. In his discourse on adult 

learning, Knowles (1990) identified and provided four definitions of an adult: biological, 

legal, social and psychological.  By comparison, Rogers offered a conception that 

contains three ‘characteristics’: full development, possessing a greater sense of 

perspective, and autonomy. 

 

From the many definitions available in the literature, the researcher has chosen to use 

Knowles’ (1990) psychological definition in this study. That is, an adult is a person who 

is ‘psychologically mature’ and has ‘arrived at a self-concept of being responsible for 

their own lives, of being self-directing’ (p57). 
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The adult learner 

 

The concept ‘adult learning’ as a biological activity going on within adult humans is, 

however, without meaning where it is without reference to an adult learner. Many 

authors have used this term liberally, but neglected to define it.  Other authors (for 

example, Brookfield 1986; Jarvis 1988) have offered a ‘profile’ of an adult learner, using 

demographic characteristics (criteria) such as: social class, race, financial status, and 

education.  Their approach has simultaneously attempted to link learner characteristics 

to the term ‘average’, as in ‘average adult learner’.  

 

A definition of an adult learner is not easily forthcoming from the literature.  As this 

term will be used frequently in this study, the researcher has determined to define an 

adult learner as: a psychologically mature human who, through exposure to either 

randomised or ordered events in a given environment, undergoes a process of mental 

change which results in changes to his behaviours, knowledge, or both, that are 

measurable. 

 

The preceding definitions and brief discussion are significant to understanding the 

theory of andragogy and its relationship to other concepts within this study. The 

assumptions of andragogy as the major theory supporting the VRSDL model, and other 

key techniques. 

 

Andragogy 

 

The generally accepted theory of adult learning is andragogy. Andragogy has been 

defined as ‘the art and science of helping adults learn’ (Knowles 1970, 1990; Brundage & 

MacKeracher 1980 p6) and is characterised by a set of interlinked assumptions about 

how adults learn. It has also been described as a ‘theory’ of learning superior to 

pedagogy (Knowles 1990), but not the antithesis of pedagogy.  

 

Andragogical learning theory at the same time embraces pedagogical learning strategies 

and aims to cater to individual’s learning needs, within an educational setting (ie mass, 
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group learning). Other so-called theories relating to the concept of adult learning which 

followed andragogy are in actuality ‘techniques’ of learning - made so by virtue of their 

dependent link to andragogy, and their inability to stand alone (Knowles 1990). 

 

The andragogical model was described by Knowles (1990) as involving: 

 
...choosing problem areas that have been identified by the learners 
through self-diagnostic procedures and selecting appropriate formats 
(individual, group, and mass activities) for learning, designing units of 
experiential learning utilizing indicated methods and materials, and 
arranging them in sequence according to the learners’ readiness and 
aesthetic principles (Ingalls and Arceri 1972 pp43-49; Knowles 1980 pp 
127-154 in Knowles 1990 p133). 

 

Knowles (1990 p118) described the andragogical model of learning as a process model, 

and as being ‘in contrast to the content models employed by most traditional educators’.   

He described content models as models in which a teacher (or trainer) ‘decides’, and 

being concerned with transmitting information and skills.  In contrast, he saw the process 

model as concerned with providing procedures and resources for helping learners 

acquire information and skills (Knowles 1990 p120). 

 

Within his examinations, Knowles identified a key difference in the views of ideological 

pedagogs and andragogs.  That difference is that the pedagog would seek to have 

students dependent on teachers, and the andragog would have the learner take greater 

responsibility for his own learning (Knowles 1990 p64). 

 

Adult learning assumptions 

 

Adult learning theory calls for the design of learning to be based on learners’ needs and 

interests so as to create opportunities for learners to analyse their experience and its 

application to their work and life situations. (Sims & Sims 1995 p3) The earliest 

assumptions of adult learning were proposed by Lindeman. He identified the key 

characteristics and conditions which have been identified as comprising adult learning 

‘theory’. Since his pioneering work, adult learning theory has changed little.  Subsequent 

research has provided clarification of his assumptions and has aided the development of 

learning ‘techniques’ that have further distinguished andragogy as a theory of learning. 
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Lindeman (1926) identified five key assumptions about adult learners: 

 
1. Adults are motivated to learn as they experience needs and interests that 

learning will satisfy - these are appropriate starting points for organizing adult 
learning activities; 

2. Adults’ orientation to learning is life-centred - the appropriate units for 
organizing adult learning are life situations; 

3. Experience is the richest resource for adults’ learning; 
4. Adults have a deep need to be self-directing; 
5. Individual differences among people increase with age - differences in style, 

time, place and pace of learning. 
(cited in Knowles 1990 p31) 

 

These five assumptions are concerned with adults’: motivation, life-centredness, 

experience, self-direction, differences with age. 

 

Houle (1980) followed Lindeman’s work. He began investigations in the 1950s of adults 

identified as continuing learners, into what they learn, and why they learn and came to 

terms with ‘what is’ an adult learner, classifying learners according to three ‘types’: goal 

orientated, activity orientated, and learning oriented (see Knowles 1990 pp46-47). Houle 

was in turn followed by Tough (1979).  Both Houle and Tough investigated ‘why’ and 

‘how’ adults learn. In investigating how adults learned, Tough looked at what help adult 

learners obtained for learning and found that adults arranged their learning around 

‘projects’ - defined as ‘a series of related episodes’ (Knowles 1990 p48). 

 

Tough (1979) employed projects as his basic framework for program design.  In Tough’s 

learning projects strategy, learners have available to them human resources (experts, 

teachers, colleagues, fellow students, people in the community) and material resources 

(the literature, programmed instruction devices and software, and audio-visual media).  

Within this strategy, self-directing learners use resources proactively rather than 

reactively (Knowles 1990 p133). 
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How adults learn 

 

Through using ‘learning projects’ Tough gained major insights into how adults learn. He 

reduced adult learning to an event, occurring in three phases: deciding to begin, choosing 

the planner, and engaging in a learning episode (Knowles 1990 p48). Whereas Tough’s 

approach represented a first step in the formulation of a model of learning for adult 

learners, it was through the combined efforts of Lindeman’s assumptions, Houle’s 

learner types, and Tough’s phases of adult learning that set the direction for Knowles’ 

(1990 pp57-61) andragogical model of adult learning. 

 

Knowles’ model of Andragogy 

 

Knowles’ (1990 pp57-63) ‘model’ of andragogy is the result of decades of his own and 

other’s research and experiences and acknowledgements of pedagogical assumptions 

(principles). The model is based on several key assumptions: the need to know, the 

learners’ self-concept, the role of the learners’ experience, readiness to learn, orientation 

to learning, and motivation (Knowles 1990 pp57-63). A summary of Knowles’ learning 

model assumptions are in Figure 2.2. 
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Figure 2.2: Knowles’ learning models’ assumptions 
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The model’s significant difference from a pedagogy learning model is within its 

identification of adults’ motivational needs. A number of the six assumptions directly or 

indirectly pertain to intrinsic motivational constructs. By comparison, the pedagogical 

assumptions described relate to extrinsic motivators or educator-centredness. 

 

Adult learners have a requirement to learn efficiently. Their motivations, experience, 

self-concept and many other factors are significantly different and more complex than 

those of children and adolescents and warrant a different ‘treatment’. As a general rule, 

adults differ from children in that they have an accumulated history of experiences by 

virtue of having lived longer. They are therefore inclined to have considered views and 

contexts to draw upon to enrich their learning activities, and a preferences for seeking 

and learning information through teaching or learning events, that will be used either 

immediately or eventually, to satisfy their work-related or social goals (Knowles 1990).  
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Figure 2.2 illustrates differences between the two major theories. It also illustrates the 

importance of both theories for planning and designing andragogical learning events. 

This study is primarily concerned with the andragogical assumptions on the right-hand 

side of Figure 2.2. 

 

Knowles’ six assumptions are not stand-alone items. They vigorously interact. While it 

may be assumed that the model’s starting point is the ‘need to know’, this will not 

always be the case. From an examination of the sub-criteria of the model’s assumptions, 

where to start is both problematic, and situational. Knowles’ (1990) adult learning model 

descriptors are summarised in Figure 2.3. 

 

 
Figure 2.3: Knowles’ Adult Learning Model - descriptors 
 
 

· adults are responsive to some external motivators;

· the most potent motivators are internal pressures: self-esteem,

quality of life, and the like;

· Tough found that all normal adults are motivated to keep

growing and developing, but that this motivation is frequently

blocked by such barriers as negative self-concept, inaccessibility

of opportunities or resources, time constraints, and programs that

violate principles of adult learning.

· adults need to know why they need to learn something before

they undertake it;

· when adults undertake something on their own they will invest

considerable energy in probing into the benefits they will gain

from learning it and the consequences of not learning it;

· potent tools for raising the level of awareness of the need to know

are real or simulated experiences in which the learners discover

for themselves the gaps between where they are now and where

they want to be.

·

·

·

adults have a self-concept of being responsible for their own

decisions , for their own lives;

once adults have arrived at their self-concept, they develop a

deep psychological need to be seen by others and treated by

others as being capable of self-direction;

adults resent and resist situations in which they feel others are

imposing their wills on them.

· adults come into an educational activity with both a great volume

and quality of experience by virtue through having lived as long

as they have, and the types of experiences they have post-youth;

· for many kinds of learning, the richest resources for learning

reside in the adult learner;

· experiential techniques tap into the experience of learners;

· on the downside, accumulated experience includes mental habits,

biases and presuppositions which cause people to close their

minds to new ideas, fresh perception and alternative ways of

thinking;

· adult learners’ experience defines who they are - that is their self-

identity;

· adults perceive any situation which ignores or devalues their

experience as rejecting their experience and them as persons.· adults become ready to learn those things they need to know and

be able to do in order to cope effectively with their real-life

situations;

· an especially rich source of ‘readiness to learn’ is the

developmental tasks associated with moving from one

developmental stage to the next, with timing learning experiences

to coincide with those developmental tasks, the critical

implication of this assumption;

· there are ways to induce readiness through exposure to models of

superior performance, simulation exercises and other techniques.

4. Readiness
to learn

6. Motivation

1. Need
to know

2. Self-concept

3. Experience5. Orientation
to learning

· adults are life-centred (or task-centred or problem centred) in

their orientation to learning;

· adults are motivated to devote energy to learn something to the

extent that they perceive that it will help them perform tasks or

deal with problems that they confront in their life situations;

· adults learn new knowledge, understandings, skills, values, and

attitudes most effectively when they are presented in the context

of application to real-life situations.

 
 

! 
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The adult learning assumptions proposed by Lindeman, and the assumptions in the 

andragogical model proposed by Knowles, whilst similar in their content and language, 

are different in their emphasis. Lindeman’s assumptions are learning-based, and 

Knowles’ education-based. 

 

As Knowles’ work was performed after Lindeman’s foundation work, it is a more 

modern andragogical theory.  Knowles had the advantage of drawing on more recent 

research than Lindeman and capturing its essence.  Where Knowles’ ‘model’ differs from 

others is through its having a developed system of ‘alternative sets of assumptions’, 

which intentionally include pedagogical assumptions (Knowles 1990 p64). 

 

The researcher suggests that whilst Lindeman’s and Knowles’ examinations of adult 

learning were toward adult learner self-directed learning, they confined their views to a 

traditionalist framework, and not toward a learner-centred, self-directed learning 

paradigm.  

 

Knowles’ andragogical learning model, as the most recently developed andragogical 

model, is fundamentally a ‘process’ model or design, as distinct from a ‘content’ model 

employed by most traditional educators (Knowles 1990).  

 

Knowles’ andragogical model is the foundation upon which subsequent layers of 

learning theory and learning systems have been mounted to produce the VRSDL system 

of learning developed in this study. 

 

Adult Learning Process 

 

The theoretical framework of andragogy links forward to a ‘process’ of adult learning 

based in education. Although fundamentally a process model, the assumptions 

contained within the andragogy model do not readily lend themselves to being 

displayed in a linear format. This is primarily because of the organismic nature of the 

model, wherein its assumptions’ sub-parts each link to other sub-parts.  For example, 
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while only one of the six assumptions is titled motivation, another three could also be 

construed as being concerned with an adult’s motivation. 

 

From his andragogical assumptions, Knowles (1990) developed a less complex process 

model or process ‘design’. Knowles constructed it around andragogical teachers 

preparing a set of procedures for adult learners, thereby reflecting an educational paradigm. 

Within Knowles’ process design are seven elements (Figure 2.4). 

 

Figure 2.4: Knowles’ external process design  
 

establishing a climate conducive to learning

creating a mechanism for mutual planning
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designing a pattern of learning experiences
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On close examination, this model can be seen to include processes of consultation 

between an educator and a learner, and in the final (seventh) element, an educational 

requirement: the evaluation of a learner’s learning. 

 
 
2.2.5  Self-directed learning 
 
 
Self-directed learning is a technique of adult learning theory. Among that literature, 

Knowles’ (1990 pp57-63) theory of andragogy is most dominant. In the practice of adult 
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education, the concept of self-directed learning is a central element. It is a key 

component in the learning model developed in this study. 

 

Garrison (1997 p18) said that the term self-directed learning ‘carries considerable 

confusion and misunderstanding’ through its being linked to a number of other, similar 

terms. These include self-instructional packages, individualized instruction, 

programmed learning, computer-mediated instruction, computer-based training and so 

on (Piskurich 1993).   

 

Definitions 

 

Garrison (1997 p18) defined self-directed learning as: 

 

… an approach where learners are motivated to assume personal 
responsibility and collaborative control of the cognitive (self-monitoring) 
and contextual (self-management) processes in constructing and 
confirming meaningful and worthwhile learning outcomes.  

 

Within the training design paradigm, Piskurich (1993 p4) defined self-directed learning 

as ‘simply another design methodology’, and more specifically, ‘a training design in 

which trainees master packages of predetermined material, at their own pace, without 

the aid of an instructor.’ 

 

In these and other definitions, psychological (cognitive) dimensions of self-directed 

learning have largely gone by undiscussed. Noting the absence of psychological 

dimensions from discussion on self-directed learning, Long (1989) held that ‘without the 

psychological or cognitive dimension, the focus is on teaching not learning’ (Garrison 

1997 p20). Garrison further said: ‘the construct (self-directed learning) has been largely 

defined in terms of external control and facilitation, rather than internal cognitive 

processing and learning.’ (ibid) 

 

Garrison acknowledged a distinction between external control and internal cognitive 

responsibility. Both he and Piskurich’s discussion of self-directed learning revolve 

around self-directed learning as a concept and a process imposed on learners. But neither 
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Garrison nor Piskurich show concern for the self-directed learner as an autonomous 

being, instead choosing to view the adult learner as an object within the process titled 

self-directed learning. 

 

A learner-centred paradigm 

 

Several other authors (for example, Long 1990; Hiemstra & Sisco 1990; Rowntree 1986; 

Knowles, 1975) have also offered definitions of self-directed learning and have placed it 

firmly within one of two conceptions: an educational paradigm, or a learner-centred 

paradigm.  The education paradigm is characterised by its looking inward toward the 

learner, and the learner-centred paradigm does the reverse. Piskurich (1993 p7) asserted 

that ‘some type of student choice is involved’. But whilst ‘choice’ appears implicit within 

the term ‘self-directed’, the education paradigm appears more frequently in the literature 

than the learner-centred paradigm. On that, Garrison observed that ‘little attention has 

been directed to the learning process itself’ (1997 p18). 

 

Through these two observations, self-directed learning appears to have neither a firm 

definition nor application, but is still under development.  Student choice though an 

implied feature of the learning technique is subject to interpretation by educators and 

learners who may hold vastly different views on what that means in practice. 

 

Self-directed learning’s historical evolutions 

 

Historically, self-directed learning is based in education paradigms. Educators’ 

understanding, and learners’ expectations of self-directed learning have been shaped by 

tensions between the strongly held views of educators favouring traditional education 

designs and processes, evolving electronic and computer technologies applied by 

enthusiastic well-meaning trainers, and adult learners eager to pursue alternative 

learning strategies. 

 

The concept of self-directed learning began in the mid to late 1950s with programmed 

instruction and teaching machines made famous through the work of Skinner.  In spite 

of its extremely humanistic nature - encompassing concepts of learner readiness and 
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individual learning differences - self-directed learning fell out of favour in the 1960s 

during the time of a push toward ‘humanized’ education (Piskurich 1993). 

 

In the 1970s, self-directed learning followed two distinct pathways: the humanised 

education environment, and training settings. The humanised education environment 

included designs such as individualised learning, through which SDL began to 

exemplify learner choice. The training setting, whilst experiencing some initial successes 

at first, eventually suffered severely from/through videotape technology misuse.  The 

chief problem emanating from videotape usage in self-directed learning is attributable to 

its lack of good design methodology, and reliance on its ‘convenience’ to present ‘talking 

heads’ to be listened to, ‘and understood’ (Piskurich 1993 p3). 

 

Through the personal computer in the 1980s, self-directed learning was resurrected.  It 

fell down once again, however, due to the boring nature of many computer-based 

training programs that were both poorly designed and poorly executed. In the late 1980s 

and in the 1990s, interactive video and multimedia, respectively, succeeded the early 

CBT designs (Piskurich 1993 p3). 

 

Self-directed learning designs and models 

 

Deciding whether to use a self-directed learning design at all without knowing other 

alternative designs’ strengths and weaknesses is the first problem this study is 

concerned with in the development of a virtual-reality based learning system that is fully 

controlled by the adult learner. 

 

A number of conceptions of self-directed learning have been proposed by authors. 

Several aspire to learner-centred and learner-managed learning, but none appear to 

permit the learner full control over the whole of their learning.  

 

Of the many conceptions of self-directed learning, four that hold the key to the design of 

an SDL model appropriate to the purposes of this study - albeit with some minor 

modification - are: self-instructional packages, individualized instruction, computer-

based training, and interactive video or multimedia (Piskurich 1993 pp7-8). 
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Piskurich defines these conceptions as follows: 

 
• self-instructional packages: learning the material without instructor 

mediation. 
 
• individualized instruction: include individualization of pace, materials, 

objectives, content, or methods at the behest of the student, the teacher, 
the instructional system, or any combination thereof. 

 
• computer-based training: using a computer program designed to support 

instruction by providing a learner with display prompts, instructions, 
information, and interactive exercises on a specific subject. 

 
• interactive video or multimedia: a process in which trainee contact with 

content experts and other trainees is minimized in favor of explicitly 
specified and approved content scripted for exact visualization and 
wording, presented through the use of computer video machines, and 
evaluated through quantifiable scores and other performance measures. 

(Piskurich 1993 pp7-8) 

 

The researcher has used these four conceptions to derive a hybrid conception suitable for 

this study, and are discussed in Chapter 4. 

 

Given that a majority of adults demonstrate self-directedness and a capacity to manage 

their own daily affairs in matters other than learning, it would seem inappropriate that 

they be allowed the option of controlling their learning environment. The researcher 

prefers to believe that adults are capable of managing their own learning, albeit with 

some assistance when and as requested. 

 

Self-managing learning 

 

With regard to how a learner can manage his learning, Garrison (1997 p21), comments 

on three overlapping and ‘intimately connected’ dimensions of self-directed learning: 

self-management, self-monitoring and motivation. 

 

Garrison defined self-management as ‘external control specific to the management of 

learning activities’, self-monitoring as ‘the process whereby the learner takes 

responsibility for the construction of personal meaning’, and divided motivation into 
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Figure 2.6 - Piskurich’s Model for Self-directed Learning 
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(Piskurich 1993 p xv) 

 
Not all of Piskurich’s model’s characteristics are favoured in this study - in particular, 

the characteristics ‘formal needs assessment’ and ‘evaluation’. ‘Formal needs assessment’ 

and ‘evaluation’, though intended for reinforcing some learning, are not favoured by the 

researcher because as standard characteristics of education and training models, they are 

to adult learners undesirable external ‘control’ characteristics. Furthermore, they 

compete with the researcher’s conception which favours a system in which learner self-

directedness is unencumbered. 

 

The characteristics of Piskurich’s model that are consistent with this study’s model are: 

training (learner) needs assessment, analysis (trainee and format), implementation 

analysis, development, and implementation (distributed). The characteristics trainee 
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evaluation, package review and piloting, preparation, system evaluation featured in the 

research design but were less relevant to the model being proposed. 

 

Self-directed learning with VR technology 

 

Education practice has a history of problems with matching people, human learning, and 

technology. Compared to the field general education there is relatively little literature 

available on VR technologies being used in learning. But what is prevalent in that 

literature is that a number of experiments are carried out by computer technologists 

(Wailer, Knapp & Hunt 2001; Wen & Hsu 2000; Frohlich 1999; Barnes 1998; Darken & 

Banker 1998; Zeltzer & Pioch 1996; Bailey & Witmer 1994). Furthermore, low-complexity 

pedagogical learning experiments are commonplace, and high-order learning 

experiments are noticeably absent. An explanation for this might be found in Wilson’s 

(1997) comment: ‘Virtual environments have captured the interest of ergonomists, 

psychologists and human computer intereaction specialists for some time now. It is no 

coincidence that some of the best known virtual environment laboratories have grown 

out of, or in association with, human factors groups. ...Practical application of VEs on a 

regular basis is still in the future, the technology is too immature.’ (p1073) 

 

VR technology is in need of a learning design and model that recognises its unique 

characteristics that make it different to its predecessor technologies - in particular: 

immersion, presence, environment generation – and lend themselves well to enabling 

proactive adult learners to use it in a self-directed way. The nuances of VR technology 

will be explored in more detail in Chapter 3. 

 
 

2.3  LEARNING MODELS 
 
 
Theorists present learning models to better understand or explain the variables and their 

relationships affecting human learning. (Wager 1982) The aim of a good model is to 

improve understanding of an otherwise complicated process or theory. 
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When people learn, they interact with a system. In that system is an environment and 

within that is information. Learners formulate mental models according to their previous 

experiences with similar systems (Norman 1982) though they may not have all the 

information they require of a total system. Barrett (1991) concluded: ‘Too often, there is 

little relationship between the system as designed, the material presented in the 

instruction manuals and the mental model of the user’ (p40). 

 

How learners approach a model or system of learning is important to understanding 

how they achieve effective learning. Their mental model in addition to other theoretical 

models of learning, guide the success or otherwise of their experience in a learning 

event. The focus of this study is on self-directed adult learning with a virtual reality 

learning system. In addition to the adult learning and self-directed learning models 

described in section 2.2, other learning models of direct relevance that support the 

conceptual framework of this study and the model this study proposes are: the 

Information Processing Model (cognition), the Instructional Systems Design (ISD) 

Model, Carroll’s (1963) Model of School Learning (time), Gagne’s (1965) Hierarchy of 

Learning (complexity), Wlodkowski’s (1985) Time Continuum Model of Motivation 

(motivation) and Lewin’s (1951) Experiential Learning Model (experience). An 

explanation of each of these models follows. 

 

Information Processing Model 

 

In recent decades it has become somewhat conventional for authors to liken the manner 

in which the human mind processes information to that of a computer. In doing so, the 

fleshy organism of the brain is reduced to that of an electronic machine, and with that, 

processes such as learning are described with that language and mechanistic metaphors 

used to describe machines. The Information Processing Model is a typical example of 

this practice in learning and education literature. Beginning with a stimulus, Wolfe and 

Robbins (1987) (Figure 2.7) describe the movement of information through sensory, short 

term and long term memory. Of relevance to this study, is their identification of the 

importance of a learner’s attention to sensory input, and the limitations and role that 

short term (or working) memory plays in learning. 
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Figure 2.7: Information Processing Model 
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(Wolfe & Robbins 1987 p6).
 

 

Wolfe and Robbins (1987) further discuss the process of transferring and storing 

information, differentiating between how novice and expert learners learn, stating that 

expert learners tended to organise information into bigger chunks than novices. 

Conventional wisdom has it that the mind stores information according to associations, 

patterns or chunks. Barrett (1991 p42) adds: ‘there is some indication that emotion and 

images are a vital part of this process.’ 

 

Instructional Systems Design (ISD) Model 

 

The Instructional Systems Design model is based on ‘applied educational psychology’ 

and was established by the US military. It has been used widely for training large 

numbers of people and a ‘basic five-step process - analysis, design, development, 

delivery and evaluation,’ and became the standard in instructional-design circles 

(Filipczak 1996). The model has dominated adult learning over many years (Filipczak 

1996). 
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Rossett (cited in Filipczak 1996) described the Instructional Systems Design as ‘a way to 

build materials for both the instructors and the trainees.  Because there was an instructor 

built into the equation, she could fix the course and adjust it as learners progressed 

through it in the classroom’ (p74). 

 

The ISD model was mechanistic in its approach and in its treatment of adult learners - 

and some may say that it was typical of the way the military views adults. The model 

was considered both suitable and successful for the purpose for which it was used. Its 

contribution to this study is its five-steps that support learners’ need for a pattern and 

which guides the design of a curriculum that learners engage with in a learning event. 

 

Carroll’s Model of School Learning  

 

Carroll’s (1963) model, though centred on school learning, holds perspectives relating to 

time that are both relevant and important to this study. He considered the effect that a 

person’s motivation and aptitude has on the time they spend in a learning task as well as 

the time actually needed to achieve mastery. A second set of variables considered was 

the student’s aptitude for learning, the student’s ability to understand instruction and 

the quality of instruction. The significance of Carroll’s work to this study is in his 

recognition that students require varying lengths of time to engage and process 

information in accordance with their individual needs and learning styles. His model 

reinforces that for learners to learn efficiently, their individual needs – of which time is 

one factor – need to be recognised and provided for appropriately in a learning event. 

His model is concerned with both personal and environmental factors as well as their 

interaction. 

 

Gagné’s Hierarchy of Learning 

 

Gagné (1962) proposed that to achieve mastery, a hierarchy of learning tasks must be 

completed. He proposed that lower order skills must be mastered in order to engage in 

higher order skills. Gagné‘s hierarchy, from highest to least complex, comprised:  
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• Problem solving 

• Rule applying 

• Concept forming 

• Discrimination making 

• Terminology using 

• Chaining (Procedure following) 

• Response gathering 

• Stimulus recognizing 

 
In relation to this study, the efficiency with which learners used the learning medium 

they were assigned to was a first obstacle to their accessing information, and following 

that, learning. Chapter 7 describes learners’ learning styles that caused them to learn 

well or not at all well through the learning media they were assigned to. 

 

Wlodkowski’s Time Continuum Model of Motivation 

 

Wlodkowski (1985) proposed that learning events could be divided into a beginning, a 

middle and an end and that in each of these phases, by looking at factors that are 

important at certain time periods, things could be done to enhance a learner’s 

motivation. In this study, learners’ intrinsic as well as extrinsic motivations for learning 

were identified as critical precursors to learners’ engagement with information 

presented in the learning events, and influential in determining the level of learning 

success learners achieved with the study’s experimental learning media. 

 

Lewin’s Experiential Learning Model 

 

Lewin’s (1951) model of experiential learning is an iterative one. In his model, learning, 

change and growth are facilitated through an integrated process that begins with 

concrete experience. His model is one of the theoretical foundations of Kolb’s Learning 

Style Inventory that was used in this study to stratify learner types and which is 

discussed in section 2.4. 
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2.4  LEARNING STYLES 
 
 
2.4.1  General concepts 
 
 
The terms ‘learning style’, ‘cognitive style’ and ‘conceptual style’ are referred to 

interchangeably in the literature. As a consequence, there is confusion in the literature in 

the definition of learning styles and how they differ from cognitive style, and learning 

strategies. For the purposes of this study, Tennant’s (1997 p80) view, that they all 

basically refer to ‘an individual’s characteristic and consistent approach to organising 

and processing information’ will be applied. 

 

Critiques of learning style theory have with some frequency pointed to its failings and its 

misuse. For example, Reynolds (1997) examining learning style theory from a critical 

education perspective, pointed to the concept of style possibly providing a 

discriminatory base for dealing with difference in gender and race where learning is 

decontextualised. Curry (1990) identified the application of leaning style theory as 

having three problems: confounding definitions, weaknesses in measurement reliability 

and identification of relevant learner characteristics; and pointed to models often resting 

on dubious theoretical grounds. In an analysis of 71 different theories of learning style, 

Coffield et al (2004) found that of the most popular theories, none had been adequately 

validated. Carbo (1992) drew attention to reports misrepresenting the application of 

learning styles to teach reading; and Sadler-Smith (2001) commented on the term 

learning style risking becoming meaningless and redundant by over-usage and a weak 

theoretical base, and suggested that in management learning the notions cognitive style 

and learning strategy should be incorporated.  

 

Several authors that made serious attempts to classify the differences in learning or 

cognitive styles are Smith (1984), Messick and Associates (1978) and Squires (1981). 

Smith and Messick and Associates identified respectively 17 learning style inventories 

and 19 types of learning styles, whilst Squires held that cognitive styles ‘are typically 

represented as polar opposites of a single dimension’ (in Tennant 1997 p80). 
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Sims and Sims (1995) identified individuals as having two major competing dimensions 

of learning: concrete/abstract and active/reflective. They also observed that over time 

most individuals develop preferences for a specific learning dimension based on 

personal experiences, personality differences and environmental and prior education 

factors.  

 

There is no denying that adult learners do have a preferred learning style.  For an adult 

learner two questions arise: firstly, ‘what are the learning styles and which am I?’; and 

‘how can knowing my learning style be used to help me learn effectively?’ To address 

these questions, Kolb’s propositions and experiential model of learning were included in 

the design of this study’s experiment and model. 

 
 
2.4.2  Kolb’s propositions and experiential learning model 
 
 
Among the cognition and learning styles theories which embrace ‘the distinctive and 

varied ways in which people think and learn’ (Foley 1995 p39), probably the best known 

is that of Kolb. Kolb, in conjunction with his colleague Ronald Fry, developed a ‘learning 

style profile’ to identify people’s learning styles.  Underlying his understanding of 

learning style is a theory of experiential learning, which is summarised in eight 

propositions (Foley 1995 pp39-40): 

 

i. People’s primary mode of adaptation to the world is learning (Kolb 

1984 p31). 

ii. Learning involves two processes: 

• grasping (prehension) 

• transformation 

iii. People learn in four ways: 

• through immediate concrete experience (affective mode) 

• through observation and reflection (perceptual mode) 

• through abstract conceptualisation (symbolic or thinking 

mode) 
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• through active experimentation (behavioural mode) 

iv. Effective learning is cyclical (beginning with concrete experience) 

and holistic (involving all four learning modes). 

v. Learning is developmental: people go through three stages of their 

learning - acquisition, specialisation, integration. 

vi. Learning is social: the sort of life experience people have shapes the 

way they learn. 

vii. Learning is interactive: involves interactions between individuals 

with their biological potentialities and the society with its symbols, 

tools and other cultural artefacts. 

viii. Learning is a dialectic process - it involves people acting on and 

reacting to their environment. 

 

The eight propositions are foundational to Kolb’s and Fry’s approach to classifying 

learning styles.  Their identified learning styles are closely linked to their experiential 

learning model (a model of the learning process) (Figure 2.8). 

 

Figure 2.8: The experiential learning model 
 

Concrete
experience

Formation of abstract
concepts and generalisations

Testing implications
of concepts in
new situations

Observations
and

reflections

 
 

(Kolb & Fry cited in Tennant 1997 p89). 
 
Kolb’s experiential learning model conceives learning as a four-stage cycle comprising: 

concrete experience, observation and reflection, formulation of an hypothesis or theory, 

and testing of the theory (Tennant 1997 p88).  In this model, Kolb and Fry argued that 

learning began with an immediate concrete experience, and ‘that in any learning there is 
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a conflict or tension between the polarities of at least two dimensions’ (Tennant 1997 

p88).  One dimension has concrete experience at one pole, and abstract conceptualization 

at the other; and the second dimension has detached reflective observation at one pole 

and practical action and experimentation at the other.  In visual form, the convergence of 

the experimentation model and the learning styles would appear as follows (Figure 2.9): 

 
Figure 2.9: Learning styles and experimental learning model 
 

CONVERGER
(abstract conceptualisation 
and active experimentation)

DIVERGER
(concrete experience and
reflective observation)

ACCOMMODATOR
(concrete experience and 
active experimentation).

Concrete
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concepts and generalisations

Testing implications
of concepts in
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Observations
and
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ASSIMILATOR
(abstract conceptualisation 
and reflective observation)

 
 

(adapted from Smith 1993 p63). 
 

 
 
Kolb’s and Fry’s four learning styles, and their link to the experiential model, are: 

converger (abstract conceptualisation and active experimentation), diverger (concrete 

experience and reflective observation), assimilator (abstract conceptualisation and 

reflective observation), accommodator (concrete experience and active experimentation). 

 

In this model, the ideal learner is believed to have the capacity to operate at either of 

both dimensions. But as Tennant pointed out: ‘there are very few ideal learners and most 

of us develop a preference or strength in one of the poles of each dimension’ (Tennant 

1997 p88). 

 

Adult learners’ learning styles are unique to each individual learner. Although learners 

may have a preferred learning style, this is by no means fixed, and may change from one 

I 
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situation to the next. Tennant’s claim that an adult educator would be naive to attempt 

to design training around learners’ learning styles is not unreasonable when set against 

training and institutional settings. However, that rule does not logically apply to self-

directed learning where adult educators are not essential for learning. 

 

Kolb formulated his Learning Styles Inventory and Learning Style Profile as tools to 

assist learners (as well as educators) to identify their learning preferences.  Sims and 

Sims (1995 p xii) defined learning styles as: ‘characteristic cognitive, affective, and 

physiological behaviors that serve as relatively stable indicators of how learners 

perceive, interact with, and respond to the learning environment.’  The underlying 

assumption here is that through identifying a learner’s learning style, a learner and an 

educator may identify the learner’s optimum learning preferences, then set about 

creating that environment and conditions that would optimise a learner’s learning. 

 

In the application of Kolb’s tools, Stuart (1992) commented: ‘Although it’s important to 

use a variety of activities that appeal to the various learning styles, techniques that work 

well for some trainees may turn off others’ (Stuart 1992 p92). Stuart (ibid) acknowledged 

Herrmann’s preference to provide a variety of techniques rather than tailor training to 

the individual, and also noted that people with disabilities, for example, may have 

special needs additional to their learning style preferences. (ibid) 

 

Stuart (ibid) viewed learning style theories as helping companies use employee 

uniqueness to enhance the effectiveness of training. From the standpoint of a trainer, 

Stuart (ibid) considered that it is important to consider all types of learners, but 

suggested that trainers who try to allow for each variable for each trainee are going 

overboard.  He also proposed that allowing for influences could create problems for the 

training developer training many employees at once.  He considered the influences most 

frequently seen were: personality, and learning style. He commented on people knowing 

that they like some learning activities better than others. 

 

Kramlinger (cited in Stuart 1992) said: ‘Any theory of individual learning styles will 

encourage the use of a variety of activities, which will help everyone learn better’ and 
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that ‘it isn’t so important that you identify the right styles or that you have the right 

theory ... What’s important is that you apply some theory’ (Stuart 1992). 

 

Kolb’s Learning Style Inventory Definitions 

 

Kolb’s Learning Style Inventory (LSI) is a self-description test, based on experiential 

learning theory that is designed to measure a learner’s strengths and weaknesses in the 

four stages of the learning process that effective learners rely on, that is: concrete 

experience, reflective observation, abstract conceptualization, active experimentation. 

 

Kolb’s LSI does not measure a person’s learning style with 100% accuracy. The learner’s 

culture, age, gender, predisposition at the moment they complete the inventory as well 

as a host of other factors will influence a learner’s choice of answers and their 

subsequent learning style type result. To say that a learner has just one style would 

misrepresent the truth, but to say that a learner has a dominant learning preference 

would not. In this study, Kolb’s LSI-A instrument was used to stratify the experimental 

sample according to Kolb’s four learning style types: diverger, assimilator, converger 

and accommodator. Used in conjunction with demographic data, the instrument yielded 

valuable findings in relation to the efficacy of learning self-directedly with a VRSDL 

learning system and two other well-used learning media. 

 
 
2.4.3  Sensory learning 
 
 
Human senses (auditory, visual, or kinesthetic) are individually and in combination, 

valuable organic input devices that collect information from the environment in many 

forms and under many conditions and transmit that sensory information to the human 

brain. It is a complex biological process, and one not easily replicated using computer 

technology. 

 

Humans learn through using one or several of their senses as receptors of information, 

and the brain makes sense of the ‘signals’ received through the senses.  How much this 
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action is consciously managed, or simply allowed to occur unconsciously, is at the same 

time both an individual and a situational variable. 

 

Fleming (1995) identified that where some students have tuned out or are having 

difficulty, others have learned. He developed the VARK questionnaire (visual, aural, 

reading/writing, kinesthetic) to ‘provide teachers and students with a stimulus for 

reflection and a change in their methods for taking in information (students) and in their 

methods of presentation (teachers)’ (Fleming 1995 p1). For learners, the instrument’s aim 

was to identify their sensory strengths in one or several of the VARK sensory learning 

domains in order to improve information intake and learn. Where learners could not 

change the learning environment they experienced, through analysing their learning 

preference, they could better determine why they were learning better or less 

successfully in some learning events than others. As VR technologies have a high 

potential of offering users a range of multi-sensory input and output devices, Fleming’s 

instrument was incorporated in this study to determine participants’ VARK preferences 

and which senses if any were most affected by the VR learning system. 

 
 
2.4.4  Learning environments 
 
 
Odiorne (1991 described the environment of learning as the place where people, in face-

to-face conversations, learn in formal training classes. Learning environments are pivotal 

to learning. They are characterised by two major elements: the physical environment, 

and the psychological environment (or climate) (Knowles 1990). 

 

The physical environment includes material resources relevant to learning such as 

learning aids, tools and specialised equipment; learning accommodation such as 

buildings, furniture and appropriate lighting and temperature conditions; and learning 

experts.  The psychological environment is more difficult to quantify, but includes non-

threatening, social, supportive climatic characteristics.  

 

Knowles (1990) reflected: ‘Another aspect of the environment that all theorists agree is 

crucial to effective learning is the richness and accessibility of resources - both material 
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and human’ (Knowles 1990 p122). Typical physical learning resources include: 

simulation equipment, electronic and computer equipment, laboratories, and teaching 

machines. The human resource may include people beyond the normally expected 

resources - such as teachers, tutors, trainers; and include peers, coaches or mentors.  That 

is, people outside the set educational forum, and not necessarily associated with 

teaching or learning activities. 

 

Another factor to consider, and one related to resources, is the quality of learning. 

Knowles commented on this saying: ‘Ecological psychologists also suggest that the size 

and layout of physical space affects learning quality’ (ibid p121). Factors such as colours 

and temperatures influence a learner’s mood and with that their learning performance. 

 

Knowles (1990) said: ‘The important thing is not just that these resources are available 

but that learners use them proactively rather than reactively - although mechanistic and 

organismic theorists disagree on this’  (ibid p122). 

 

Human and interpersonal climate 

 

The human and interpersonal climate that learners inhabit received considerable 

comment from behaviorists, cognitive theorists, personality theorists and humanistic 

psychologists.  Although different in their perspectives, these theorists’ views are 

generally consistent on the topic learning. 

 

Knowles (1990) summarised their views as follows: 

 

Behaviorists, although not very concerned with psychological climate, 
would acknowledge that it [human and interpersonal climate] may 
reinforce desired behaviors, especially in motivation and transfer or 
maintenance of learning (Knowles 1990 p122). 
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Cognitive theorists stress the importance of a psychological climate of 
orderliness, clearly defined goals, careful explanation of expectations and 
opportunities, openness of the system to inspection and questioning, and 
honest and objective feedback.  The cognitive mode theorists who 
emphasize learning by discovery also favor a climate that encourages 
experimentation (hypothesis testing) and is tolerant of mistakes provided 
something is learned from them (ibid p122). 
 
Humanistic psychologists suggest that we create psychological climates 
experienced by the individuals in them as safe, caring, accepting, trusting, 
respectful, and understanding (ibid p123). 

 

In the context of learning within an organisation, Knowles (ibid) identified other 

environmental factors: reward systems, and organization structures and climates.  

Knowles (1990) proposed that the reward system is a crucial determinant of climate.  He 

also suggested that a poor (organizational) climate jeopardizes the effectiveness of the 

learning process (ibid p124) and that more blocks to learning (for example, high anxiety) 

are found in hierarchically structured organizations. (ibid p123) These conditions are not 

directly relevant to this study, however they are mentioned here because when learners 

enter a learning event they bring with them, unknown to a teacher or facilitator, past 

experiences that may impact either positively or adversely on their learning 

performance. This factor was included in this study’s experiment. 

 
 
2.4.5  Learning techniques 
 
 
Adult learning techniques aim to enhance the process of adult learning according to 

individual learners’ capacities and needs, and can take on a variety of forms, for 

example, learning games, learning style inventories, and mind-mapping. 

 

Popper and Lipshitz (1992) observed that training techniques were emphasised in the 

literature of the 1970s and 1980s, thereby reaffirming Knowles’ (1990) observation that a 

resurgence of interest in adult learning began in the 1970s, and his view that most 

theories of learning were established by the 1970s and that the theories that followed 

were actually ‘techniques’. 
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The success of any learning technique is subject to its effect on the individual and a given 

situation in combination.  That is, the choice and application of a technique are 

dependent on the interplay of learners, their needs, and decisions regarding resources 

available for learning activities.  

 

Three techniques frequently applied in modern adult learning activities to assist learning 

are: ‘coaching’, ‘games’ and ‘computer-based training’.  The first two techniques are 

explicitly group-based, whilst the last is fundamentally a device that aids an individual’s 

learning.  These three techniques fairly represent the diversity of learning ‘techniques’ 

that are sometimes referred to as tools, aids and strategies to assist adult learning. 

 

Coaching 

 

Coaching has been described as ‘an atmosphere of learning’ which aims to: improve 

performance at the skill level; and establish relations that allow the coach to enhance a 

trainee’s psychological development (Popper & Lipshitz 1992).  It also ‘makes it possible 

to get quick feedback directly from the visible results of the action’ (ibid p17). 

 

In the technique coaching, ‘when the tasks are simple or technical ... the learning 

modality will generally be “follow me”...’, which includes a considerable amount of 

imitation and practising (ibid p16). Popper and Lipshitz noted that ‘the more complex or 

abstract the tasks, the more difficult it is to get quick feedback from real action in real 

time’; and added: ‘this is particularly true with regard to inexperienced learners, who 

lack a frame of reference for evaluation of their progress and performance’ (Popper & 

Lipshitz 1992 p17). They observed that the coach was sometimes the only source for 

evaluation.  

 

Games 

 

The use of games in adult education has attracted similar views among training 

practitioners.  For example, Dunn (cited in Stuart 1992 p92), considered games ‘most 

effective as a review or transition from one (learning) segment to another’; and Carter 

(1997) said that when he was trying to ‘create an environment that was engaging, 
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motivating, and encouraged exploitation’ he ‘learned a lot about how to do that by 

looking at games’ (p30). 

 

Carter described his organisation as being ‘known for creating learning-by-doing’ 

environments, in which ‘the learner is given a goal and set free in an environment that is 

contextually correct, with any necessary resources; the idea then is to accomplish the 

goal on your own, without any hand-holding.  That’s an educational strategy, not a 

gaming strategy as such’ (Carter 1997 p30). 

 

Stuart (1992) reflected on the non-use of games, saying: ‘Games are one of the most-

neglected areas in most training programs, although they’re useful for most training 

situations’.  Stuart (1992) also observed that games are non-threatening, appeal to 

individuals who are motivated by fun, and work by involving trainees physically, 

emotionally and intellectually.  

 

Carter and Stuart’s comments are of equal relevance and significance to this study. Their 

comments highlight that the emotional human aspects of learning are important to 

learners and reflect the psychological dimensions of learning which feature in Knowles’ 

andragogical assumptions. 

 

Computer-based training (CBT) 

 

Odiorne (1991) identified B.F. Skinner - renowned for his teaching machines - as being 

‘responsible for the most common system of organizing knowledge in computer-based 

training programs’. Critical to the design of computer-based training is the amount and 

nature of interactivity (Carter 1997). Carter described training simulations in his 

organisation where the computer-based training program ‘interacts with the user both 

proactively and reactively’, and has the effect of leaving the user ‘empowered to explore’ 

(Carter 1997 p30). 

 

For people who recall its early inception, CBT does not have a particularly good 

reputation.  Zemke’s (1997) observation of CBT is that it is used in more content areas. 

Despite Carter’s positive experience, popular literature has referred to CBT as being little 
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more than ‘electronic page turning’. But as technologies improve and the generation that 

experienced the early days of electronic page turning machines ages, new generations 

without that experience come forward, and without that experience. For this study that 

means there is a new wave of learners untainted by primitive computer-based training 

designs and technologies, and therefore less resistant to the notion of learning through 

computer technologies. 

 
 
2.5  SUMMARY 
 
 
Adult education theories have shown that they are not a replication of child learning and 

education theories, but an extension of these, embracing the principles of child learning 

and contending with the many more factors that adults encounter than children. 

 

The mechanistic theories provide ‘basic principles’ of learning to satisfy child educators 

but the theoretical models needed to apply adult learning are more complex than the 

explanations provided in simple stimulus-response, cognition-based theories.  

Organismic views attempt to understand and explain adult learning, suggest processes 

to advance adults’ learning, and are important to the design and implementation of 

adult learning systems. The thoroughness of adult learning research by Tough, Houle, 

Grow, Kolb and Knowles has withstood the tests of time and could continue to do so for 

many more years yet. Their principles relating to adults’ learning are relatively 

uncontestable, but they are dated in those parts that could not be expected to foresee the 

nuances of computer technologies that have expanded adults’ learning options and 

flexibility, and new environments of learning. Almost all major views have, however, 

omitted discussing any significant contribution that technological developments could 

make to the process of learning, thereby leaving these theories and techniques 

incomplete. 

 

Though there has been some increase in interest in recent years in technology-based 

distance learning strategies, few authors have demonstrated interest specifically in adult 

self-directed learning, and seemingly none in adult self-directed learning with virtual 

reality technology. 
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Although we do not fully understand ‘how’ adults learn, knowing adult learners’ 

differences begins to explain why adults have a need to learn in a framework that is 

relevant to them personally. Adults’ perceptions of training are significant indicators of 

how they will approach a learning event.  Commenting on the strategic purpose of 

training, Odiorne (1991) held that when you train someone, you change their behavior, 

and hopefully in a desired direction. His view is optimistic and not unreasonable. 

 

In defence of classroom training, Kowall (1995) commented that classroom training has 

the advantage of having a human being monitoring the class, and through that an ability 

to make changes immediately. To that he added that computers or videos are not 

capable of interpreting a quizzical look on a student’s face and explain a point in another 

way.  

 

Knowles (1990) has assumed that educators are essential to adults’ learning.  Models of 

learning, and their inherent theoretical bases have shown that they cannot be separated 

from the characteristics of the learners.  They have also shown that dependent learners 

need time to become ‘autonomous’; and self-directed, independent learners will resist 

teachers’ learning techniques.  Identifying learners’ learning styles (preferences), and 

designing learning systems that are appropriate for an individual learner are recognised 

as crucial first steps in the planning of a successful learning activity. 

 

It is almost a matter of habit in society that the function of facilitating learning is 

primarily assigned to a person designated as teacher.  The suggestion that a higher-order 

machine, an electronic system, a virtual reality learning system, could fulfil that role has 

been made. The literature describing adults’ learning with learning technologies is 

presented in Chapter 3. 

 
 



Chapter 3: Technology and Adult learning 
 
 

 

 3-1 

 
Chapter 3 
 
 

Technology and Adult Learning 
 
 

 
In the 21st century, work and learning will be inseparable.  
Learners will interact with their desk-top or portable 
workstations, determined by the nature of the learning task, 
and their preferred style of learning. 

 
(Bates, 1994) 

 

 
 
An investigation of learning theories concerned with fulfilling adult learners’ learning 

needs, and which appeared to be capable of lending themselves to the characteristics of 

VR learning technologies1, was outlined in Chapter 2. This chapter outlines the literature 

describing the characteristics of and issues pertaining to a range of learning systems and 

technologies that have been used in human learning, in particular: the book, internet and 

virtual reality2 technologies.  

 

The aim of this chapter is to situate this study in this developing field. The literature 

containing insights into the pioneering works of VR greats such as Lanier (1995), 

                                                 
1 the term “virtual” is derived from the concept of virtual memory - as in computers. (Briggs 
1996)  
2 Virtual reality, also known as cyberspace, allows a person to experience a world of computer 
illusion and electronic hallucinations. (Nash 1990) Virtual reality and cyberspace ‘are not the 
same’ (Jackson in Miller 1992 p20) . Newquist (1992) defined and compared cyberspace to virtual 
reality saying cyberspace is: any shared reality based on computer connections.  While virtual 
reality is a form of cyberspace, cyberspace is not virtual reality. Telephone or bulletin board 
system conversations are a form of cyberspace, as is communicating on a network. 
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Krueger (1991), Loftin (1998), Furness(1995), Earnshaw and Gigante (1993) as well as a 

host of virtual reality technology ‘technicians’ was surveyed.  

 

Computer-based technologies have supported human learning for several decades now, 

their ranging from basic to complex systems. Ever-increasing improvements have been 

made in features and applications in teaching and learning events as stand-alone aids to 

learning and adjuncts to traditional learning technologies. Several learning media are 

reviewed and discussed in this chapter, but it is with the concept of VR and the synthetic 

environment that VR technology can create to aid adult self-directed learning, with the 

impact that VR learning systems have on a learner’s personal safety and well-being, the 

quality of the learning environment produced and the learning experience that learners 

encounter in a VR learning system that this chapter is concerned. Whilst other computer-

based practices have been dealt with extensively in a huge literature, and have informed 

this study, this thesis is concerned with VR. 

 

As VR learning system hardware and software models and releases are constantly being 

updated, this study is not concerned with any particular hardware or software models, 

versions or releases. It is instead concerned only with the concept and principles of 

virtual reality technology3 and its promise of producing for adult learners a learning 

environment superior to traditional and conventional environments. (Simmonds 1995) 

 
 
3.1  INTRODUCTION 
 
 
Learning-based technologies are not the primary source for a majority of formal adult 

learning, traditional, formal learning strategies such as lectures and courses are. 

Learning institutions however find it functionally impossible to address individuals’ 

needs individually through such learning strategies because they simply do not have not 

enough teaching resources available to them to meet all learners needs. (King et al 1995; 

Byham-Williams & Pescuric 1996; Young 1998; Grill 1999)  Many learners criticise the 

                                                 
3 Virtual reality technology differs from other computer-based learning systems and technologies is in its 
immersive properties, having the capacity to sensorily ‘put the person into the environment’. 

Deleted: ad nauseum _,,_ __________________________________ / 
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quality and purpose of such institutions and the teaching and learning strategies they 

employ. (Weaver et al 1993; Brancato 1993) 

 

In the latter half of the twentieth century, there was an attempt to stem demands for 

learning and to enhance the quantity and quality of learning events, and thus teaching 

machines4 emerged. Preferring teacher-centric learning models over learner-centred 

designs, Skinner (1968) held at that time that ‘teaching machines will not eliminate the 

teacher’  (Skinner 1968 p65 cited in Knowles 1990 p70).  

 

In the decade leading up to the 1990s, advances were made in learning and teaching 

technologies, on which Wedemeyer and Nickelson (1995) commented: 

 

After decades of promises based on overhead projectors, classroom video, 
teaching machines, and other instructional technologies, the ability to 
improve instruction by integrating digital technologies across the 
curriculum has now become a reality. 

 

A range of self-teaching technology-based options became available and popular with 

many self-directed learners. This was in conjunction with improvements in technologies, 

alternative learning strategies such as distance learning, correspondence learning, 

project-based units, and open learning. In the decade past, the world-wide-web and 

internet and their related technologies have taken the world by storm in many ways, 

with education and learning being just one aspect of them. (Starr & Milheim 1996; Eddy 

& Spaulding 1996; Stephenson & Frampton 1997; Rose 1999; Dalgarno 2001; Graves 2001; 

Barab, Thomas & Merrill 2001) 

 

But neither teaching practices, nor the technologies used in teaching can alone claim 

responsibility for efficient or effective learning outcomes. Gerencser (1996) noted that 

technology-based training involves individual involvement and a level of responsive 

feedback, and stated that through interactive learning there is strong learning 

reinforcement, which increases content retention over time.  

 

                                                 
4 Skinner defined a teaching machine as being ‘any device which arranges contingencies of 
reinforcement’ (Skinner in Knowles 1990 p70). 
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Since the mid-1980s the world has seen huge changes in computer-related technologies. 

Around 1984, desktop personal computers were introduced across the world to large 

numbers of the general public. Broad-range desktop publishing tools followed in the 

1990s and around 1995 users rapidly started taking up surfing the world-wide-web 

(WWW), using tools such as email and chat groups and web browsers to communicate 

quickly and to learn. The age of technology closely followed by the information age 

brought rapid rises in the quantity and availability of information. (Buenaga, Fernandez-

Manyon & Fernandez-Valmayor in Collis & Davies (Eds.), 1995) 

 

In parallel, computer games evolved and grew into a burgeoning industry that has ever 

since serviced people of all ages - their appeal being in the realms of action and visual 

stimulation. This demonstrating that people will adopt technologies when they are 

accessible, user-friendly and meet their many and complex needs. 

 

Computer technologies’ number, variety and acceptance by users, educators and 

educational institutions has grown enormously in the decades since the 1980s to the 

extent that they are now found widely in learning institutions and industry as well as in 

private settings to address the shortfalls of traditional learning strategies. (Dede 1989; 

Perelman 1993; Li 1993; Puttré 1994; Demery 1996; Carchidi 1999; Winegar 2000; 

McKetham, Everhart & Sanders 2001; Lewis, Coursol & Khan 2001) Educators and 

learners have both come to better understand computer technologies’ place in learning 

ventures and to use them for meeting a variety of learning needs. (Lemonick 1992; 

Piskurich 1993; Powrie, Koch & Fernandez 1993; Jerram 1995; Johnson et al 1998; 

Paulukonis 1999; Follows 2000; Kubo, Tori & Kirner 2002) 

 

A technology’s take-up rate will vary with its costs to consumers, availability, needs and 

a host of other factors. But fundamentally, people will adopt technologies if they believe 

they will help them. (Barab, Thomas & Merrill 2001; Burns 1997; Eddy & Spaulding 1996; 

Puttre 1994) 

 

The speed with which the Internet was taken up across the world has resulted in a 

variety of impacts on people in many nations. That alone suggests that a significant 
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number of people in present day society are genuinely in need of information and will 

seek out and use media that are capable of servicing their needs. 

 

For many, the internet has become an everyday electronic information tool that 

supplements the printed word. The printed word and the internet are however both 

artefacts of a two-dimensional information communication paradigm. (Apostolopoulos 

& Geukes 1999; Nykänen 1999) By comparison, virtual reality worlds embrace print and 

internet advantages but also provide for naturalistic, cognitive learning through sensory 

and cognitive immersion - a significant improvement on B.F. Skinner’s teaching 

machines.  

 
 
3.2  LEARNING STRATEGIES AND MEDIA 
 
 
For learners, learning media are of two primary forms: non-electronic and electronic. 

Both forms are capable of presenting information and concepts. In learning events, 

educators and learners acquire information through either or both forms. But how well 

information is conveyed and received is subject to a number of factors, for example: the 

intellectual capacity and learner type of the recipient, the efficacy of the information 

presented, the fitness of the medium to its purpose, and the context and timing of 

concepts being conveyed. (Bricken 1990; Croft 1995; Haehl 1996; Kranc 1997; Ralls 1997; 

Shih 1998; Shavinina & Loarer 1999; Marwick 2001; Hartley & Bendixen 2001) 

 

 
3.2.1  Non-electronic 
 
 
A number of non-electronic media have been used successfully in formal and non-formal 

learning events over centuries. In ancient times, aural communication was the major 

form of teaching, learning and communicating until the middle ages, when the written 

word then became the dominant form through printing - though only for the educated 

few. 
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As major numbers of people became better educated and able to read, print dominated 

teaching, learning and general communication activities, and aural activities took a less 

dominant position. Print included pictures, flow charts, network diagrams, words and so 

on in books, manuscripts and posters. It also found its way onto a range of hard-copy 

items of relatively permanent and non-permanent materials such as paper and slate and 

building walls. But throughout time, lecturing has stood apart from all of these 

technologies in the communication and exchange of information and ideas to support 

learning. 

 
 
3.2.2  Electronic 
 
 
Electronic technologies are a more recent innovation and are defined as any technologies 

that require electricity to ‘run’. They include initial technologies such as those ranging 

from the telephone through to satellite communications. (Krueger 1993; Hayward & 

Wollen (Eds.) 1993; Meister 1998; van Belle & Soetaert 2001; Benford et al 2001; 

Spaulding (Book review) 2002; Jacobson & Hwang 2002) 

 

In learning terms, any electronic item used with the purpose of assisting learning (for 

example, video player) is an electronic learning aid. A learning technology is however 

more complex than that. It is a device that has been purposely designed or adapted from 

an everyday technology, to specifically facilitate learning; for example: videotape, 

multimedia learning systems, (electronic) simulators, internet and the world-wide-web, 

and virtual reality learning systems. Key features, advantages and disadvantages of 

these media, in learning terms, are listed as follows. 

 

Videotape 

Keyes (1990) is of the opinion that videotape is aesthetically stimulating to viewers and 

saves time and money. But for learning purposes, its disadvantages far outweigh these 

advantages for learners and educators, of which he cited its most serious drawback 

being its lack of interaction between the medium and its viewer. 

 

Multimedia 
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Multimedia applications allow their users to interact with information rather than 

passively absorbing it. Advantages of multimedia instruction include increased learning 

efficiency, privacy, retention and motivation, reduced learning time, cost and behavior 

problems and increased access (Foley 1995, Webb 2001). Disadvantages cited include 

copyright issues and resistance to multimedia as a learning tool (Webb 2001). Cost has 

been cited as both an advantage and disadvantage. 

 

Gordon et al (1996) noted multimedia computer simulations incorporating VR 

technology showing up in real-world training exercises, in particular those in which 

training involves potentially hazardous, expensive and large equipment. Additional 

systems of this type have been described by Ware (1996) and Chakraborty (1997). 

 

Simulators 

Simulators replicate a place or machine and may take either electronic or non-electronic 

form or combine both.  A common example of a combination simulator is an aircraft 

flight simulator with electronic displays and manual controls for the learner operator to 

manipulate. (Cotton & Oliver 1993; Kozak et al 1993; Mathews & Anselmo 1994) 

 

Internet and the world-wide-web 

The internet and world-wide-web share a symbiotic relationship in which with the aid of 

internet software and supporting hardware, users browse, search or surf for information 

through a network of computer servers and data connections arranged in an 

uncoordinated ‘web’. Information accessible through the web is broad-ranging, though 

of varying quality and reliability, leaving users to ascertain the integrity of the 

information presented. (Ives & Jarvenpaa 1996; McIntosh 1997; O’Carroll 1997; Herther 

1997; Peters 1998; McCartney 1999; Dijkstra, Collis & Eseryel 1999; Ozen 1999; Sassoon & 

Nachmias 1999; Lockyer, Harper & Patterson 1999; Klein 1999; Kobayashi & Takeda 

2000; Parsons 2001; Bull et al 2001; White & Iivonen 2002; ChanLin 2003) 

 

VR Technology 

Virtual reality technology was pioneered as a training tool by the US Air-Force in the 

1980s as the next technological advancement in simulator-based training.  
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There is no one single form of VR system. There are large and small systems, each 

tailor-designed to suit its designer’s purpose. For example, one system used by VPL was 

based around: a three--dimensional display worn on the head (called an EyePhone), an 

electronic glove (the DataGlove) and a high-speed computer (Science and Technology, 

1990). Nash (1990) described another VR system in which the user interacts with the 

environment ‘using special clothing and fiber-optic sensors that interpret body positions 

as computer commands’. Somewhat philosophically, Dyson (1990) called virtual reality 

an idea too broad to be defined by a single approach, product or company. 

 

What separates VR technologies from many other technologies is their multidimensional 

nature. The effect that a VR technology creates for its users and how it achieves that is as 

integral to it as its component parts – hardware and software. Layered on that, for 

learning purposes, are the intertwined matters of curriculum design, virtual world 

creation, information representation, the user friendliness of the final environment, and 

the fitness of that environment for the intended purpose - as perceived by its user. 

 

VR worlds 

VR worlds are synthetic, computer-generated environments created by VR technologies 

that may replicate real, near real or fantasy places or ‘worlds’. Many computer-generated 

scenarios are possible that can completely envelope users in responsive, 

three-dimensional space, programmed to look and sound like anything real or imagined. 

(Carrabine 1990; Carr 1992; Newquist 1992; Pimentel & Teixeira 1993; Hsu 1993; Rivers 

1994; Holtzman 1994; Biocca & Levy (Eds.) 1995; Chiou 1995; Gaddis 1997; Civil 

Engineering, Apr 1998; Keppell 1998; Passig & Eden 1999) 

 

What users expect of a VR environment is an individual and problematic matter for VR 

world designers. Ideally, the visual and physical space or environment presented to its 

user is one that is acceptable to the user – ahead of its designer. Simmonds (1995 p9) held 

that ‘For true virtual reality, the human is immersed in the virtual world ... The human 

will almost always need to be aware of his/her natural surroundings and be able to 

switch his or her attention between the virtual and real worlds’. The perceptions and 

expectations of users are fickle. Nash (1990) commented on users treating system-

generated objects almost as if they were real physical things. 
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Although VR has demonstrated substantial potential for educational purposes and 

indeed many other applications, Carrabine (1990) noted that it has been used mostly for 

entertainment. 

Summary 

 

Educators and learners have many electronic technologies available to them, which may 

stand-alone or be used in appropriate combinations to achieve an optimum learning 

outcome. There is an inevitable overlap in their capabilities and characteristics in part 

due to their evolutionary developmental nature. Used in training, learning and 

communicating, learning media are frequently blended by educators and learners to 

yield a result. The challenge for educators and users of these technologies, as it is with 

non-electronic technologies, is to optimise learning to get the best fit of technology, 

information content and form and user, within a learning strategy that is both 

appropriately designed and supports the learning purpose. In computer-based training 

(CBT) and computer-assisted instruction (CAI) research practice, there is evidence of 

how people respond to learning with computers. 

 
 
3.2.3  CBT and CAI learning strategies 
 
 
Computer-based training and computer-assisted instruction are two computer mediated 

learning strategies that for several decades have been used by adults to learn through. 

CBT has been around since the late 1960s (Oppenheim 1996) and CAI about as long. The 

two terms are frequently used interchangeably in the literature, but with subtle 

differences in the employment of each strategy. 

 

Vitiello (1990) cited CBT as having many advantages for delivering lessons as an 

alternative to an instructor and a classroom, these being: reduced delivery cost; reduced 

training time; and improved training quality. Li (1993) noted that as a strategy, CBT is 

flexible without a formal instructor; furthermore, that it is expanding in scope and depth 

to include virtual reality technologies. 
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Oppenheim (1996) argues against a CBT program, saying that it is not the same as 

having a live instructor asking for feedback and comments and argues that while a CBT 

program can teach the mechanics that are necessary to do financial analysis, it will not 

teach how to set up a financial analysis.  

 

On CAI, Burleson (1988) recounted computers being called in to fill the gap created 

through traditional training methods not being able to keep pace with demand, and that 

resulting in CAI (in its time) becoming the fastest growing segment of the US training 

industry. 

 

In popular literature, virtual reality learning systems have been touted as becoming the 

next step after the CBT and CAI evolution, poised to replace both traditional learning 

systems as well as CAI and CBT strategies at some time in the near future. However, as a 

yet-to-be-refined ‘state-of-the-art’ learning technology, virtual reality learning systems 

struggle with an age-old problem that dogs education and learning theory and praxis: 

how best to assist an adult to learn.  

 

Through possessing characteristics found in predecessor learning technologies, added to 

its own unique features such as immersion, portability and generation of a three-

dimensional environment, virtual reality learning systems suggest promise in a range of 

learning scenarios and have demonstrated that potential in research laboratory 

experiments as well as training ventures in commercial, industrial and school-based 

settings. What remains to be seen is whether they are appropriate and effective in 

facilitating self-directed adult learning. 

 
 
3.3  DEVELOPMENT OF VIRTUAL REALITY TECHNOLOGY 
 
 
In the mid-1960s the computer industry was in its infancy. With the US military looking 

for a competitive edge in the Cold War, a Harvard University researcher, with the loan 

of a computer from the US Air Force, and funding from the CIA, demonstrated a 

primitive virtual reality system (Anthes 1997). Later, heavy funding into early 

experiments and pioneering work in computer graphics from the US Department of 
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Defense Advanced Research Projects Agency (DARPA)5 led to interactive computer 

graphics that can be seen in document creation systems, scientific visualization, 

computer-aided design, computer simulation, the entertainment industry and virtual 

reality (ibid 1997). 

 

World attention to virtual reality technology first occurred when Thomas Furness III, 

virtual reality pioneer, announced his work on the US Air Force’s Visually-Coupled 

Airborne System Simulator (VCASS) - the virtual cockpit (Miller 1992 p16). Furness 

started the HIT Lab in 1989, his main objective being ‘to empower humans through 

building better interfaces between them and computing machines’ (Furness cited by 

Miller 1992 p17).  The HIT Lab focused on five areas: 

 

1. accelerating learning;  
2. enhancing creativity;  
3. extending our ability to communicate with each other from a 

multisensory standpoint;  
4. providing a means for rapid information assimilation in jobs that 

need it; 
5. recapturing ‘lost world’ citizens - people unable to interact because of 

physical disabilities or cognitive disabilities or illiteracy.  
(Furness cited by Miller 1992 p17) 

 

In just over two decades since virtual reality - or virtual environment - computer 

technology systems have been developed, they have been tested and used in a range of 

research laboratories, schools, colleges, defence and aerospace settings across the world 

to teach and train people in skills in, for example, science, engineering, and problem 

solving. 

 

Patel and Cardinali (1994 - abstract) observed: 

 

The past two decades have seen the development of a new stream of 
research in the field of virtual reality.  Its primary use was thought to be 
entertainment, but as research continued the applications to more 
practical areas, all forms of business can and are benefiting from virtual 
reality research. 

 

                                                 
5 DARPA was the catalyst for computer technologies including networking, the Internet, 
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database technology, operating systems and parallel computing (Anthes 1997). 
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Three stages of the evolution of VR 

 

Turoff (1997) described virtual reality technology as having evolved in three stages: 

technological progress, social system design, and control systems design.  It was in 1997 

that Turoff said that the third stage, which is emerging now, ‘is based on the concept that 

the computer can be a control system regulating the real world of which it is a part …  

The computer becomes a switching system regulating what is reality at any instant’ (ibid 

p41). 

 

Development and application 

 

In its development, virtual reality technologies experienced piecemeal rates of 

development in the areas of defence and entertainment and a variety of research centres. 

It was inevitable that VR technologies should find their way into education and training 

aspects of many industries with interests in human learning, design, engineering, 

medicine, economics, accounting and auditing. Greenleaf (1996) noted the rapid 

development in scientific, engineering and medical areas of VR tools and techniques. But 

one problem that VR shares in all of these areas is that its users expect much more of it 

than the technology is generally able to deliver. 

 

Virtual reality technology is a complex electronic medium. It comprises sophisticated 

three-dimensional graphics systems, and interactive software programs designed to 

enable the user to interact with the representation of physical objects (Coyle 1993; 

Krueger 1991). 

 

Coyle (1993) held that VR involves heightened experience through immersive, 

multi-sensory representations. Powell (1990) described the affect of virtual reality 

technology on users in more detail, saying that with the use of a type of 

stereoscopic goggles and sensor-fitted gloves, users are elevated to the level of a 

fully 3-dimensional participant in artificial environments, where the illusion is 

created that the user is inside a world with things happening all around. 
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Information within VR encountered by users was described by Pryor and Scott (1993) as 

being classified into categories such as visual, haptic, proprioceptive, vestibular, 

olfactory and taste. Carrabine (1990) reduced this to simple terms saying that: ‘in virtual 

reality systems, computer-generated sensory input to users’ eyes, ears, and skin 

simulates real-world sights, sounds and touches’. 

 

Virtual reality technology has been given three other names in the literature which 

describe it, a form of it and a state that it creates: ‘artificial reality,’ ‘augmented reality,’ 

and ‘telepresence.’ (Briggs, Sep 1996)  ‘Artificial reality’ is simply an alternate name 

given to virtual reality. Augmented reality systems, like virtual reality systems, are 

systems that ‘employ see-through head-mounted displays and an image-generation 

system to present the user with a world containing virtual and real objects.’ (Aliaga 

1997)  Newquist (1992) defined telepresence as occurring when ‘inside’ a virtual world. 

 

VR systems comprise many parts and effects from their interplay. As a result, a variety 

of terms have been used by authors attempting to define them. For example: 

 

a new interface paradigm that uses computers and three-dimensional 
world in which the user interacts directly with virtual objects ...  the use 
of computers and human-computer interfaces to create the effect of a 
three-dimensional world containing interactive objects with a strong 
sense of three-dimensional presence. Important in this definition is that 
virtual reality is computer-generated, three-dimensional, and interactive 
… to create the effect of interacting with things, not pictures of things. 
(Bryson 1996 p62) 
 
an environment that you create using a combination of visual, auditory 
and tactile images so that it becomes an alternative, sort of an artificial, 
environment or reality.  We call it a ‘reality’ because you perceive it as if it 
is a world.  It’s just like you’re walking into another world, and you’re 
perceiving it as if it becomes reality itself. (Furness cited by Miller 
1992 p14) 
 
a medium for expression and communication ... a means to create, 
experience, and share a computer-generated world as realistic or as 
fanciful as you would like. (Briggs 1996 p13) 

 

Krueger (1991) held that virtual reality is fundamentally a telecommunication concept 

intended to provide industry with research tools. But to other authors, VR represents 
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much more than that. For example, Coyle (1993) commented that a major feature as well 

as strength of VR is that it gives the impression of being in a synthetic world rather than 

merely observing images and events. A ‘virtual world’ has been cited as one in which 

reality is represented and manipulated (Pryor & Scott 1993) and observed by Coyle 

(1993) as having real-time animation, one that immerses people in environments in 

which all information that passes between them will be available for capture and 

analysis to improve people’s skills (Krueger 1991 p201; Coyle 1993). 

 
 
3.4  COMPARISON OF VR TO OTHER MEDIA 
 
 
Adult learners vary considerably in their needs and expectations. It follows that no one, 

single strategy or learning medium will meet all learners expectations and learning 

needs all of the time. Each learning medium and strategy has its own unique 

characteristics to offer adult learners.  

 

The features and characteristics a learner needs and wants of a learning strategy and 

learning medium, and then how well they use them and engage with the information 

communicated to produce learning, is a complex matter. History shows us that people 

respond well to simple processes such as the oral tradition, visual stimuli, simulation 

interaction and so on, because they are naturalistic and ‘low-tech’. But conversely, 

history also shows that people adapt their learning habits and adopt and embrace new 

technologies as they become available – for example, reading, electronic media such as 

the radio, television, video and more recently the internet. (Forsyth 1993; Bornet 1998; 

Pagel & Westerfelhaus 1999; Perez & Ninnes 1996; Okapuu-von Veh et al 1996; Liu 1996; 

Brandt (in Gorman (Ed.)) 2001; Nelva & Gregorio 1999; Beazley 2000; Brown 2000; Choi 

et al 2001) Thus, which medium a person learns with is as much a matter of availability 

as it is of suitability. 

 

People generally have available to them a host of media through which to learn. A 

limitation as to which one or ones to choose from the array is fundamentally a matter of 

which contains the content that is wanted. Suitability after that is a matter of relevance 

and satisfaction to the user. 
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Contrary to some urban myths, technology does not frighten learners away. (Fu 1997; 

LaGuardia 1998; Hopey 1999) Indeed learners of all ages have been cited by authors as 

using state-of the-art technologies and others to shun them completely. Why? Individual 

choice, based in personality type, not by age or gender difference. (James 1993; Cleaver 

1994; Dunkle et al 1994) According to Li (1993), computer-based training is expanding in 

scope and depth to include virtual reality technologies. 

 

Comparative advantages of major learning technologies 

 

Each of the major learning technologies used in education and self-directed learning 

ventures has advantages and disadvantages over each other learning medium. The 

differences are vast and not easily quantifiable, especially given the vast range of topics 

available that are communicated through some but not other media, as well as the 

differences found in learner types. 

 

We have seen already that learning strategies are of equal importance to learning media 

when choosing a means of learning. The medium alone does not aid effective learning 

any more than either an inappropriate strategy, or a strategy with an inappropriate 

learning medium, does.  

 

Vitiello (1991) highlighted that the use of CBT, multimedia and self-training packages 

increased because of advances in areas such as optical storage on personal computers, 

CD-ROM, and interactive digital video. And Knight (1988) pointed to CBT methods 

having certain advantages over multimedia training, including greater user interaction. 

Among the many other claims of benefits yielded by learning technologies are: 

interactivity from CBL and interactive video instruction (IVI); that satellite-aided 

confraphone/confravision, email, and ‘chat-room’ features of the internet and intranet 

supported distribution systems have allowed learners greater freedom and control over 

their interactions with people and ‘machines’; that integrated audio and video clips 

enhance the learning experience (Oppenheim 1996); and that an effective alternative to 

conventional training systems for arthroscopy is a highly interactive medical training 

simulator system with computer graphics and virtual reality techniques (Ziegler et al 
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1995). But claims such as these are spurious where advantages claimed are set against 

inappropriate measures. 

 

Claims made for VR  

 

VR technology is not immune from rampant unfounded claims of excellence. Like a lot 

of newly touted media, the reality of its contribution to learning is lost somewhere 

between the marketing hype and results proven over time.  

 

A distinguishing feature of VR over other learning technologies was appropriately 

summed up by Furness (cited by Miller 1992 pp25-26), who said: 

 

There are many things you can’t do in the real world (for example, you 
can’t necessarily see electrons, but in a virtual world you can represent 
electrons) - you are not only able to observe the motion of these objects 
represented in the virtual world, but you are able to interact with them, 
and change them and see the effect.  

 

And ‘the advantage ... of a virtual world is that you can see various perspectives at one 

time’ (Furness cited by Miller 1992 p24). 

 

Lanier (in Ritkin 1996, s/7) like Furness, ‘saw the potential of visualizing large, complex 

databases in three dimensions as a superior form of programming and remembering’ … 

‘Virtual reality’s whole reason for being is to take advantage of new ways of visualizing 

complex data’ (Lanier cited by Ritkin 1996, s/6). 
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Using sensory features as a basis for comparison, the advantage VR has over other 

media becomes readily apparent, as illustrated in Table 3-1. 

 

Table 3-1: Comparative advantages of major learning media 
 

 Visual 
(pictorial) 

Audio Tactile/ 
Interactive 

Text Taste 

VR      
Internet      
Book      
Television      
VHS cassette      
Radio      
Audio cassette      
Simulator (various)      

 
 
It is characteristic of modern electronic media that they present information both in 

visual and aural formats. Older electronic devices presented in aural format, and of 

course the foundational text media preceding those were supported with static pictorial 

representations. Tactile and interactive features have featured wherever that was 

possible (simulator, book, internet and VR). A hybrid medium, if indeed simulation can 

be called that, has - like VR - incorporated the features of many media of its day. 

Mechanical media such as the wooden flight simulators of decades ago have evolved 

into today’s highly complex electronic, computerised, hydraulic and multimedia-based 

simulators used in flight training, driver training, medicine and a host of other 

professions and trades. The simulator is perhaps the only medium that has been able to 

successfully engage all five of a person’s senses. 

 

How VR differs from other technologies 

 

Where VR technologies differ from other computer technologies and learning 

technologies generally is in their ability to create a virtual, synthetic space that people 

may explore as though ‘real’. In popular Hollywood movies such as Lawnmower Man and 

Virtuosity, virtual reality technologies are depicted as mature, end-state technologies - 

that is, fully interactive and immersive environments.  Much of this image however is a 

fabrication even today, a decade and more after these films were made. 
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Although VR is now sufficiently developed to be capable of being used - in a 

rudimentary form - for learning and training purposes, as well as for a range of 

entertainment and low-level industrial purposes. 

 
 
3.5  TYPES OF VR - ADVANTAGES AND DISADVANTAGES 
 
 
VR technology is of two basic types: low end, and high end. Low end technologies 

include relatively low-cost items such as VCR units, computer games and domestic 

computer software - that is, items characterised by their affordability and availability to 

the mass market. (Adams 1993; Piven 1995; I/S Analyzer 1997; Bruce 2001) High end 

technologies are less available, but in time they too will become low end technologies - in 

the same way that computers were once a high end technology until low-cost production 

techniques made them available to the mass market. (Gotlieb 1993; Watt 1996; Ragusa & 

Bochenek 2001) 

 
 
3.5.1  The forms of VR technology 
 
 
VR technologies are acknowledged amongst authors as being of four major forms: 
 

• screen-based (flat screen) display 

• CAVE display 

• head-mounted display (HMD) 

• augmented reality 

 

There is no hierarchy of ‘best system’ within these four types. Each is different from each 

other and more suited to a given purpose than each other system. 

 

VR systems vary considerably in their primary component parts: hardware, software 

and peripherals. Systems are designed, configured and constructed to generate a pre-

determined virtual environment that will meet a specific purpose, be it business, 

manufacturing, education, medical or any of a range of other purposes.  
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Several authors have undertaken to classify such systems according to their three major 

features. From a hardware perspective, Fletcher (1995) classified virtual reality 

technologies into two distinct types: the kind based on the video screen which allows 

you - with either a helmet or 3D glasses - to roam around the screenscape, and helmet-

based display systems. 

 

Screenscape virtual worlds are of two types: flat, computer-screen and CAVE screen. In 

the first, users are seated in front of a computer screen (visual display unit) and navigate 

through its displayed virtual world. During viewing, 3D glasses are frequently worn by 

users to generate a three-dimensional, immersive display. In CAVE environments, users 

are able to walk around, into and through virtual objects that are displayed within the 

bounds of a room, usually small in size. Hence the term ‘cave’. CAVE systems have been 

described as ‘multidimensional virtual reality theatres used for displaying complex, 

interactive images’ (Network World, Dec 23-30 1996). Whilst either 3D glasses or helmets 

with sensors are worn by users when navigating in a CAVE environment, 3D glasses are 

most often used. Where helmets are used, they are usually of the type that has locating 

sensors attached that interact with location detecting sensors located at strategic points 

around the CAVE environment which in turn provide feedback to the engine. 

 

Helmet-based display systems are those that are connected by data cables to an engine 

that generates the user’s virtual world. Unlike the CAVE environment, these systems 

limit users’ ability to roam physically in real space inasmuch as the cables attached to the 

helmet reach only so far from the engine (as too do other peripherals such as navigation 

devices that users use to explore their virtual world). 

 

Both of these two types of virtual environment systems are supported with a range of 

peripheral devices that enhance users’ ability to tour and interact with objects within the 

virtual environment. Where a virtual world has an intuitive feel for users and is 

equipped with navigation devices that allow them to tour that world as they wish, it can 

only aid in their immersion and engagement with the information contained within the 

virtual world. 

The Economist (1995 p77) said of virtual reality that it:  
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aims to make a human operator an actor in a computer model of an 
environment.  That aim brings together two streams of computer 
research: simulation and interaction ... Simulation emphasises 
“immersion” - deceiving your senses into believing that they are 
physically experiencing something.  This leads people to treat VR as an 
end in itself, to be judged by the success with which it convinces the 
spectator.  The other approach is to treat VR technology simply as a tool 
for interacting with computing power - an “interface”, in the jargon.  
Here the sensation of “reality” is not important in itself; what matters is 
the new power that VR can give people when they exercise their minds or 
handle data. 

 
 
Virtual environment types 

 

Flat screen, HMD and CAVE generate three types of ‘virtual worlds’ through their 

various arrangements of VR hardware and software. A key difference distinguishing 

systems is their capacity to generate either an immersive or non-immersive environment. 

A system’s capacity to generate an immersive environment for its users is determined 

mostly by the choice of visual peripheral made available to users and the software 

supporting that peripheral.  

 

Flat screen systems are generally incapable of generating an immersive VR world, HMD 

systems may be either immersive or non-immersive, and CAVE environments are 

generally always immersive.  

 

These three major system types are distinguished by their visual peripherals, used to 

communicate virtual world images to their user. As can be seen in Table 3-2, each 

system’s environment is capable of being toured using one or two forms of peripheral. 

For example, a 2D flat screen system may be used without glasses but will present the 

user with only a 2D image. If 3D glasses are used, a 3D image will be provided the user, 

as too would a CAVE system user. HMD is usually used to provide users with a 3D 

view, but 2D may also be provided. The same applies to CAVE systems.  

 

There has been some discussion in the literature (for example the Edinburgh Virtual 

Environment Laboratory 1993; Wittenberg 1993; House 1996; Billinghurst et al 1998) as to 
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whether visualisation requires equipment that generates 3D views to achieve that effect. 

That discussion also suggests that users will generate their own three-dimensionality 

with 2D equipment, putting paid to arguments that insist that 3D equipment is essential 

for creating the effect of immersion. 

 

A major distinguishing characteristic of the three environments in Table 3-2 is that both 

flat screen and CAVE allow the user physical freedom to move around their virtual 

world unhindered, with one exception being that where the CAVE HMD is of a type 

with sensors with cables that are connected to the CAVE engine, movement is limited to 

the length of the cables; conversely where the HMD reports to room sensors, freedom of 

movement will be restricted to the bounds of the CAVE room only. 

 

HMD systems usually restrict users’ movement to a small area, limited by the length of 

the cable from the HMD to the operating system (engine). The characteristics of the three 

major system forms are summarised in Table 3-2. 

 

Table 3-2: VR forms 
 

   
ENVIRONMENT 

 

 

 
HEADSET 

2D flat screen 
(NON-IMMERSIVE) 

3D HMD 
(IMMERSIVE) 

CAVE 
(IMMERSIVE) 

 
HMD 

 

  

 
 

 

 
3D glasses 

 

 

 
  

 

 
No glasses 

 

 
 

  

 
 
Advantages and disadvantages of the major  system types 

 

These three major forms of VR systems share two important and overlapping 

characteristics: 3D glasses and the quality ‘immersion’. The physical differences and uses 

of each of these technologies varies marginally. The greatest difference between HMD 

virtual reality and CAVE environments is where the HMD is easily transported and set 

up is simpler than CAVE, which requires a relatively permanent room space.  
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The Economist (June 28, 1997) commented that CAVE technology has received little 

credit and has been called ‘still just a fancy display unit’. The same could be said for two-

dimensional displays – on which flat screen based VR games are presented. HMD 

systems – though the popular conception of VR – have not excelled in their use, for 

reasons that are not totally understood. This is in part due to their totally enclosing 

users’ heads when the headset is donned. A matter that whilst necessary and unique for 

this medium, is also problematic. 

 

VR systems 

 

VR systems (sometimes referred to as engines) vary in form in accordance with their 

designers’ needs and purposes. Their major component parts are: the operating system 

(engine), software (VR world generator), and peripherals (HMD, VR glasses, mouse, 

trackers, location sensors etc) that assist the user to explore the virtual world.  

 

Figure 3.1 illustrates the key components of this study’s VRSDL system. The major 

components of this study’s system are: the system engine (operating system), HMD 

sensor software, the virtual world (visual and audio objects) software, HMD (eyeglasses 

and audio output) and 3D movement sensor, and haptic (computer mouse) to navigate 

the virtual world. It was designed along lines required for this study’s purpose and 

although it contains components found in systems described in the literature, it is not 

based on any known, existing design. 



Chapter 3: Technology and Adult learning 
 
 

 

 3-24 

 

Figure 3.1: Virtual reality Self Directed Learning system configuration 
 

Operating
System

VR Topic
(software)

HMD
Sensors

Adult
learner

Haptics

HMD

 
 
 
Virtual worlds 

 

VR systems’ primary purpose is to generate a virtual world of a standard that is 

acceptable to its designer’s purpose. Whilst ideally an environment would also be to a 

form and standard expected of its user, with many people likely to use any given 

system, this is not always achievable. 

 

Furness viewed VR as being able ‘to take abstract information and represent it using 

metaphors that we can relate to’ (Miller 1992 p20). He described three types of virtual 

worlds or virtual realities.  One ‘where you are overlaying information over the real 

world’ (for example, head-up displays); ‘where you are trying to represent a real world 

scene virtually’ (for example, a replica of a real world source); and the third is 

‘completely abstract’ for example, fields of numbers such as a spreadsheet (Furness cited 

by Miller 1992 p18). Furness’ pioneering work with virtual reality has taken on a number 

of forms and facades and applications of it can be found in a number of professions and 

industries. In keeping with Furness’ views, Turoff (1997 p40) held that ‘virtual reality is 

not only the ability to make models of reality but the ability to make any model appear 

real’; and Briggs (1996 p13) remarked that: ‘virtual reality provides a reality that mimics 

our everyday one’.  
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Illusions or representations 

 

Generated by combinations of computer systems hardware and peripherals connected to 

virtual reality applications and systems software, VR worlds are often referred to in the 

literature as ‘an illusion’. (Shapiro & McDonald 1992; The Economist Feb 1993; Bailey 

1994; Mantovani 1995; Okapuu-von Veh 1996)  

 

The illusion referred to may be either a representation of a known world past or present, 

or a fantasy world. Bryson (1996 p62) countered this view claiming virtual reality to be 

‘an effect, not an illusion’. But regardless of users’ and authors’ speculations, the 

production of a virtual reality technology environment that sensorially represents 

precisely the real world remains elusive. A virtual world in which people, text and 

objects’ appearance and behaviours are able to be replicated with the finite accuracy 

with which they appear in the real world is for VR world developers their ultimate goal. 

 

Virtual reality technology differs from other computer-based learning systems and 

technologies is in its immersive properties. That is, the capacity to sensorily ‘put the 

person into the environment’.  Non-VR computer learning technologies (for example 

CBT, IVI), and low-grade VR technologies (for example, two-dimensional computer 

screens), view electronically created ‘worlds’ as though through a window. The feature 

‘true’ immersion alone separates immersive VR technology from all other technologies 

and poses immensely different constructs for humans learning through technology. 

 
 
3.5.2  Virtual environment design issues 
 
 
Virtual reality technology has characteristics that are significantly different to those of 

other technologies used for training, and learning.  Gunther-Mohr (1997 p47), for 

example, noted that ‘Unlike animation or video, in which images are played and 

replayed in preset sequences, VR can be viewed, interacted with, and examined from 

any number of perspectives in any sequence’. 
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The design of VR worlds that meet the expectations of users is a key determinant of their 

success as perceived by users. Gunther-Mohr (1997 p47) described that facet of a VR 

world where ‘objects are given behaviors and rules for how to perform.  For example, 

when a key turns, an engine starts, which in turn causes movement and sound’. 

 

The virtues of VR designs in training are many in the literature and have been aptly 

summed up by Johansson (in Manufacturing Engineering Oct 1996) who said: 

 

Virtual designs allow users to configure, test, and optimize processes like 
parts and assembly lines, facilities, or process flows.  Assembly workers 
can get the kind of training that was once limited to flight simulators.  
Design and engineering departments can eliminate the materials and 
time required to create physical prototypes. (p22) 

 
 
3.5.3  VR effects 
 
 
VR systems will produce a number of effects, subject to their system component choices. 

In the design of a system it follows that a number of user/technical ‘musts’ should 

feature for a system to be acceptable, though not all have to be included. (refer Bryson 

1996) 

 

Implicit in the notion of designed virtual reality environments is that objects found in the 

real-world, as well as fantasy objects and scenarios that are not known of this world, can 

be created to a realistic standard. This of course has implications for both designers and 

users in terms of their expectations as well as the final effectiveness of the environment 

that the user is immersed in. 

 

Sight and patterns 

 

The significance of the power of a vision on humans and the impact that a VR 

environment could have on adults was touched on by Briggs who expressed the view 

that: ‘Virtual reality is also immersive - it draws you into the visualization’ (p13), and 

‘goes beyond mere static images to ones that we can navigate through and interact with 

in real time. We can look at things from any perspective’ (Briggs 1996 p13). 
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Furness (cited by Miller 1992 p20) commented that ‘humans are marvellous pattern 

recognizers’. Similarly, Briggs (1996 p13) made the point that: 

 
Since human beings are primarily visual animals, we respond much 
better to spatial, three-dimensional images than we do flat, two-
dimensional text and sketches.  With three-dimensional images like those 
produced in virtual reality, we are better able to see patterns, 
relationships and trends. 

 
 
Vision in 3D 

 

Simmonds (1995 p10) reiterated the thoughts and findings of generations of educators 

and researchers when he said ‘vision is one of the most powerful means of 

communicating information’. His thoughts are further reinforced by Myers & Hollan 

(1996), who were of the opinion that training, simulation and complex data 

environments that have a need for interactive exploration may benefit from three-

dimensional interfaces – applications previously expressed by Furness. 

 

The necessity for 3D objects is not however a view shared by all authors, with some 

inferring that humans will accept whatever is available to them. (for example, Thorp 

Davis & Hodges in Barfield & Furness (Eds) 1995; Mon-Williams and Wann 1998) 

Simmonds (1995 p10) disagrees with that line of argument, saying: ‘that all real things 

have three dimensions makes two-dimensional representation artificial even where we 

are not interested in the third dimension’. 

 

On a practical note, and one which is of high relevance to VR technologies design 

generally, Simmonds (1995 p11) reminds us that ‘human perception of depth is an 

extremely complex process, and generation of convincing three-dimensions is potentially 

extremely demanding in computing power’. 
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He elaborated on this issue saying:  

 

For realistic three-dimensions, the most important depth cue is stereopsis, 
or retinal disparity between the two different views seen by each eye.  
However this is not by itself sufficient.  Many other depth cues are 
important.  Usually motion parallax is the next most important.  Other 
cues include perspective, the convergence of angle of the eyes, eye 
accommodation, shading and shadows, texture gradation, geometric size 
and the obscuration of background objects by foreground objects.  Depth 
perception relies on all these cues.  The relative importance of each is 
dependent on what the user is doing and the image content. It is 
important that all cues operate in harmony.  If different cues provide 
conflicting information the depth illusion is destroyed - and the user may 
feel very uncomfortable. (Simmonds 1995 p11) 

 

Self-direction, autonomy and independence 

 

There are lengthy and mixed views in the literature on humans’ need for independence 

and control over their learning. At one extreme is, for example, Skinner (1968) whose 

contention was that educators knew what learners needed to know better than they. This 

is a view that persists to this day among practitioners of like minds. Then there are a 

host of other educators who take the opposite view. Lanier cited by Brockman 

(1997 p48), for example, held that: ‘People derive an existential pleasure from being their 

own guides’. It is on that view that this study is based. 

 

VR learning systems, where designed to do so, are capable of allowing adult learners to 

navigate, and thereby control, their journey through a virtual world in any direction. But 

systems that are not capable of this, either through design (eg games machines) or 

unmittigatable technical limitations (for example, frame refresh rates), or for other 

design reasons, fail their users. Paton (cited by Adams 1995 p48) offers a key point in 

relation to learning systems, saying: ‘VR, because it is individually driven, offers a 

person a chance to practice at his own pace’. Hence the issue of learner independence 

and control over a given VR learning system is viewed by the researcher as a critical 

matter for system designers to acknowledge in the beginning stages of designing a 

learning environment. 
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Interaction and interactivity 

 

Interactivity is cited frequently in the literature as a feature of VR that distinguishes it 

from other technologies. Allen (cited in Filipczak 1996) remarked that ‘Interactivity ... is 

not a linear process’. Lanier (cited in Brockman 1997 p48) called it ‘a style of concrete 

conversation with the media’. Interactivity can include pushing a virtual button, picking 

up a virtual object, activating an audio file attached to an object, and scientific 

visualisation (see Bryson (1996 p8-9). 

 

Immersion 

 

Whether one system configuration is superior or inferior to another is a matter of 

personal opinion. Users’ needs and expectations vary considerably. Wittenberg (1995 

p12) remarked:  

 

Some VR users want the feeling of being immersed in the simulated 
world, blocking out all extraneous environmental sounds and sights.  
They use headmounted displays, trackers or other peripherals. 

 

It is conjectural whether HMD systems are actually capable of ‘blocking out all 

extraneous environmental sounds and sights’ (p12). In this study’s laboratory 

environment external sounds could not be totally blocked out. Following on from that, it 

might also be argued how achieving or not achieving such a state might enhance or 

diminish the quality of VR users’ learning journey. 

 

Some authors believe that the role of immersion in VR is over-rated and some others say 

that it is a condition not unique to VR as people are capable of immersing themselves in 

a book, a movie, or within their own thoughts – for example, yoga. In the context of VR 

research in this area The Economist (1995) noted that: ‘Until now research on immersion 

has been driven heavily by the demands of the entertainment industry and the armed 

forces’. Not surprisingly, the motivation of research by these sectors is different to that of 

educators, which is reflected in the research of Mantovani 1995; Cornell & Bailey 1996; 

Wilson 1997; Pausch, Proffitt & Williams 1997; Grant & Magee 1998; St. Amant & Young 

2001; Mahoney 2001; Bramwell 2001. 
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Presence 

 

Closely allied to immersion is the concept ‘presence’. Presence is one of several effects of 

virtual reality that appear with some frequency in the literature.  It is often described as 

that moment when a user’s consciousness in the virtual world lets go and they treat the 

virtual world as though it were the real world. Otsuka et al (1996) provide comment and 

discussion on this phenomenon where they constructed a piano training system based 

on virtual reality. 

 
 
3.5.4  Features of VR technologies 
 
 
Quality worlds 

 

The quality of a virtual environment is a perceptual matter, dependent most of all on a 

user’s expectation. But some factors and features of a virtual world are essential to all its 

users and are within system and world designers’ control to provide.  

 

Early generations of VR systems have attracted their fair share of critics of VR hardware, 

peripherals and virtual environments, due in part to prototype standard technologies, 

inadequate budgets, amateur design and so on. It is perhaps no surprise that The 

Economist (1995 p77) said of VR: ‘A more mundane hardware problem involves the 

clumsy helmet that to many people still symbolises virtual reality’. In support of VR, 

Gunther-Mohr (1997 p47) commented that: ‘A VR experience gets better with increases 

in a computer’s speed, memory, graphics-handling, and screen resolution, and by 

adding 3-D devices and sound, realism and interaction’. 

 

Designing virtual worlds 

 

VR system users expect virtual worlds’ hardware, software and visual and real-time 

features to equate to real-world parameters and the tasks to be performed within them to 

equate to something meaningful. Psychological factors perhaps, but expected 
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nonetheless. Where a VR world designer fails to provide these, users can be ruthless in 

their criticism. 

 

Among others, Bryson (1996 p63) discussed the importance of virtual world designs, 

saying: ‘The virtual environment must contain application objects of a sufficient level of 

fidelity to allow the performance of meaningful tasks’. Supporting this view, Wittenberg 

(1995) remarked that: ‘The realism, which should be the chief characteristic of this 

technique [virtual reality], is at present marred by its imperfections, resulting in the 

coarseness of images and the sparseness of features’. Panos (cited by Croft 1995) 

reiterated the deficiencies in this area, commenting on the representations of humans 

being poor. 

 

Further shortfalls in systems have been identified by Briggs (1996) who said that few 

virtual reality systems ‘allow for tactile feedback - a sense of touch.’ And Fletcher (1995), 

commenting on the sense of sight, reinforcing the concerns of Wittenberg said that 

‘paradoxically, it is in the area of sight where virtual reality is least real … So-called 

virtual reality systems offer us reality in, at best, two dimensions: sight and sound’. 

 

Whilst the matters of sight, touch and ease of navigation would seem paramount to a 

user, smell and taste are perhaps less critical. Taste is one sense that has eluded VR 

environments for users, but in time that may also be catered for by VR world designers. 

Some research has been undertaken in the area of smell and taste. The Economist (March 

11, 1995) has commented that: ‘Smell and taste ... are still largely in the realms of 

speculation.  Touch is somewhere in between.  Touch matters because it is the sense 

most linked to movement, and movement, in VR, is the primary means of control’. 

Research in this area (see Chase 1996; Werkhoven & Groen 1998) has shown that some 

progress has been made in all of these areas, however the progress in areas available to 

the general public remains of a standard lower than that which users generally would 

prefer to have. 
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Human factors 

 

In addition to presentational and representational issues, VR world designers are faced 

with the need to consider human factors in both their system and VR world designs.  

 

Users of VR systems of many kinds are reported as having adverse reactions to these 

systems in several regards, the most prevalent being vertigo6. Croft (1995) observed that 

some users experience a sense of vertigo as a result of quirks in the technology. 

Elaborating on that, The Economist (1995, p78) identified that ‘tiny time-lags between 

movements of the head - sensed by the balance organs in the inner ear - and the 

corresponding adjustment of the scene shown can produce a form of motion sickness’. 

 

Vertigo is a major problem for VR system users with many experiencing it on all forms 

of systems to different degrees over different lengths of usage. Whilst vertigo appears 

unavoidable in VR worlds, it also appears to occur in poorly designed worlds. The 

literature suggests that well designed worlds can reduce and possibly prevent vertigo 

from occurring, though trade-offs in other areas of a world’s design might be needed to 

ensure this. (Stevens 1995; Poston & Serra 1996; Stanney & Kennedy 1997, 1999; Stanney 

et al 1999; Thilmany 2001; So, Lo & Ho 2001; Draper et al 2001) 

 

Another human factors matter raised in the literature worthy of note, and relevant to this 

study, is that of user’s safety – specifically:  

 

Mechanical stresses on head and neck, transfer of skin or hair infections 
from one user to another, and electrical interface between the unit and the 
computer providing the signals to drive it must also be safe and protected 
from damage to or from the user.   (Rowley 1991 p2) 

 

Briggs (1996) said: ‘Some people even question the physiological and psychological 

safety of virtual reality, particularly in entertainment’. For researchers and users alike, 

the length of time that a user commits to using a VR system is a potential problem. The 

immersive nature of VR technology, like that of other computer technologies, is known 

                                                 
6 The feeling of dizziness or sickness, light headedness; associated with can be and responsible for the 
onset of nausea. 
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to absorb user’s attention with the result that time spent on these systems passes faster 

than users realise. When that means that users operate peripherals (hand, eye, aural for 

example) for lengthy periods of time and over several days – as can be the case in 

workplaces – then there is the potential for overuse of these senses and other parts of the 

body to occur, resulting in injury. How to monitor and to manage the constraints of 

differing systems is a problem not to be ignored by system designers. 

 

Distributed and Shared environments 

 

Virtual environments may at one end of the spectrum be single-user system types and at 

the other, shared by many users. Shared computer-resident worlds are called distributed 

virtual environments (DVE).  

 

Schmitz (1996) reflected on the 1996 Comdex - the world’s first virtual community 

‘CyberCampus’ where multiple users at different locations were able to share a common 

virtual space; and Gunther-Mohr (1997) has pointed to VR being used over the internet 

through virtual reality modelling language (VRML). Though basic in their presentation, 

a range of virtual reality environments are now accessible on the internet (Ahmad 1999; 

Raghunathan 1999; Tam et al 1999; Rafe 2001; Howes et al 2001; Jain 2001; Pasqualotti & 

Freitas 2002). 

 
Fritz (1991 p48) commented that: ‘One of the most powerful things about VR is its ability 

to create an environment that can be shared by several people’ thereby highlighting to 

educators that this technology is suitable for use in group and mass audience settings. 

 
3.6  EDUCATIONAL APPLICATIONS OF VR 
 
 
Virtual reality technology is not well understood and its environments are not without 

flaws. It has been presented by the media as suffering from misinterpretations of its form 

through authors as well as VR users claiming it is something it is not and has 

subsequently been called ‘a popular metaphor’ (Turoff 1997). Briggs (1996) predicted the 

real impacts of virtual reality in many fields, including education. And this has been the 
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case, with many industries and professions adopting forms of VR technology to assist 

their work, learning processes and communication. 

 

VR training simulators take a variety of forms. The concept of VR and its underpinning 

technologies have been refined by a succession of research organisations throughout the 

world for a variety of purposes, and have not been limited to education and training.  

Indeed the supply of VR technology to users has been driven by a combination of market 

forces and industry needs. Statements such as the following made by The Economist 

(1995) are common in popular and research literature. 

 

...users want realism.  Some will not be satisfied with less than “total 
immersion”: sights, sounds, sensations, even smells and tastes providing the 
user with an environment as finely textured as that of the world beyond the 
computer.  That requires not only a vast computer but also a set of 
mechanisms to nudge, stroke and otherwise stimulate the human user, and 
then to transmit his behaviour back to the computer - all of which need 
tremendous subtlety and flexibility.  It also requires learning much more 
about the other computer involved; to create a perfect illusion you must 
know how the senses interact with the brain. (The Economist 1995) 

 

VR technologies have encountered slow take-up rates through mostly its in-

development nature, ascribed to various technical and presentation problems such as the 

inadequate visual reality of their displayed worlds, sluggish image refresh rates and 

vertigo-related problems. Reports describing VR technologies’ misuse in industry for 

human learning where, for example, equipment, interfaces, visual displays were inferior 

for the task to be completed, the environment did not correlate with reality, users’ 

cultural or vocational levels were not taken into account, are frequent (Antonietti, 

Imperio, Rasi & Sacco 1999; Philbin, Ribarsky, Walker & Hubbard 1998; Turoff 1997; 

Wann & Mon-Williams 1996; Dix 1994), These are problems that could be expected to be 

overcome in time. 

 
 
3.6.1  Virtual reality applications 
 
 
Through research development investment from companies wanting to use cyberspace 

as the medium for computer video games; military organisations for surveillance and 
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combat; and space agencies (particularly NASA) for remote sensing and exploration 

(Coyle 1993 p149), this medium has attracted considerable attention in a relatively short 

time. Early applications in aircraft included the head-up display and the ‘virtual cockpit’. 

(Krueger 1991) Through that research, the US Air Force has assembled a wealth of 

information about the human-factors issues surrounding virtual cockpit technology 

(Krueger 1991).  

 

Furness’s work (Coyle 1993 p152) in-flight simulation, was in mechanical, electronically 

enhanced simulators that preceded VR. These were effective in that they induced 

symptoms of a real situation, such as anxiety and nausea (Coyle 1993). Thus, from a 

functional perspective, simulators and virtual reality environments have provided a link 

to training safely in situations in which there are hazards (Coyle 1993; Pryor & Scott 

1993). 

 

VR has also been seen as a framework that can integrate specific concepts (Krueger 1991 

p198)  and said to offer possibilities for education in general, and in particular for 

students where it is linked to broad-based adult learning (andragogy) and child learning 

(pedagogy) where students can learn at their own pace (Pryor & Scott 1993). 

 

Around two-thirds of the global simulation and training market is dominated by the US 

military.  The military has provided a massive amount of funding for VR developments. 

(Coyle 1993 p155)  But because of small production runs, VR products of the military 

remain expensive. By comparison, the economics of toy manufacture has been more 

favourable and market demand has driven the development of low-cost technology 

peripherals down (Krueger 1991; Coyle 1993). 

 

A number of reciprocal influences between the military and the games sector have been 

found.  Both systems emphasise manual dexterity, hand-eye co-ordination, quick 

reactions and the ability to predict likely developments (Coyle 1993). 

 

Other applications of VR technology have included: tourism, architecture, and surgery 

(Coyle 1993); day-care centres, birthday parties and kitchen interiors (Krueger 1991 p73).  
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Potential applications include art and assisting the handicapped (Pryor & Scott 1993); 

language learning; and preparation for school and work (Krueger 1991 p192). 

 

The characteristics and features of VR include sound, force and tactile feedback to make 

the virtual worlds much more convincing (Coyle 1993; Pryor & Scott 1993 p169) and 

thereby make them highly suitable as tools for education. 

 

There are any number of reasons for a corporation or educational institution to embrace 

VR technology, and possibly an equal number to dissuade them from doing so too. 

Companies seeking quick and easy training solutions look increasingly at interactive 

solutions. VR is one such option. 

 

Education and training applications 

 

Views such as ‘technical training ... must educate, inform and entertain more than ever 

to keep up with the demands of a workforce that is becoming more technically 

sophisticated’ (Vitiello 1991) and ‘Using virtual equipment programs, construction 

workers are learning to run equipment by what amounts to playing video games; using 

virtual equipment, operators are getting smarter, faster and better while having a good 

time’ (Phair 1996), suggest that learning in the workforce is not always seen as simply 

getting information. Welch (1996) elaborated on this when discussing ‘developing 3-D 

modelling to predict and simulate emergency situations’ saying that ‘It [VR] is now 

turning its attention to the simulation of human behavior in the hope that its technology 

can be used to train all levels of employees to react more efficiently in an emergency’ 

(p9). 

 

There are and have been a range of programs and systems used in the training of people 

for commercial operations. For example, Management Services (1997, p11) describe the 

program Vector which, used in conjunction with traditional methods , uses factors such 

as the weather, time of day and amount of traffic enroute to a fire ‘for added realism, as 

well as additional stresses such as fire engines breaking down’. 
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Adams (1995) describes Motorola’s virtual world which contains ‘complex elements 

found on the real-world assembly lines at plants’. For example, a conveyor system, three 

pager-assembling robotic work cells, a machine-vision inspection system to inspect 

products for functionality, where: ‘On the virtual line, students hear the same whirs, 

clicks and hums they would if they were using real equipment’ (Adams 1995 p46). 

 

Entertainment 

 

Simmonds (1995 p9) says without hesitation that ‘The term virtual reality is usually 

associated with entertainment - putting humans into artificial, but seemingly real, 

entertaining virtual worlds’. Supporting this, Briggs (1996 p13), said that ‘most people 

now focus on VR’s use in entertainment areas’. And Wittenberg (1995 p12), remarked 

that although virtual reality is ‘not exclusively devoted to entertainment ... that has 

helped to develop that technology’. 

 

Rowley (1991 p2) observed that in the entertainment industry, virtual reality systems 

‘require the user to be isolated from the real world and surrounded by the virtual world 

generated by the computer’.  That Rowley should mention this provides an insight to the 

nature of VR technology usage and not just a comment on VR as an entertainment 

device. Keeping in mind that some authors discussed VR as a medium that lends itself to 

distributed, group activities, as distinct from individual, isolated interaction, herein lies a 

question for future research: how effectively could a person learn in a VR environment if 

they had to share it with others? Learning being a different matter cognitively to being 

‘entertained’. 

 
 
3.6.2  VR learning research 
 
 
General research on adults learning using virtual reality (VR)/virtual environment (VE) 

technologies has been shallow. Gunther-Mohr (1997 p47) described VR effectiveness 

studies within a controlled setting that were conducted by the Research Triangle 

Institute in North Carolina, saying that: ‘The studies are looking at how much realism is 



Chapter 3: Technology and Adult learning 
 
 

 

 3-38 

required to improve learning and skill performance, what types of learning benefit most 

from using VR, and whether VR can increase a trainee’s motivation and retention’. 

 

Learning experiments with adult subjects using these technologies have generally 

centred on low-level skills completion tasks that have been set against pedagogical 

learning designs. (for example, Chou, Hsu & Yao 1996; Desai 1996; Winn 1993; Bland 

1998; Waller 2000; Sedillos 2001; Jeffries, Woolf & Linde 2003) In almost all experiments 

found, the learning that took place in studies was reported as though a tail-end after-

effect of the VR experiments that appeared to be primarily testing VR equipment, or the 

physical or psychological effects that VR equipment and environments had on humans. 

Indeed if this was their primary purpose, that is understandable. But it is nonetheless 

unfortunate that an area of importance as learning should receive such mediocre 

treatment. 

 

Impediments to VR development 

 

Bryson (1996) made an interesting observation  with regard to difficulties that he 

considered were impeding the development of virtual reality applications in the area of 

information visualisation. One was ‘that the virtual reality interface is a completely new 

paradigm to which two-dimensional interface paradigms do not easily apply’; and the 

other ‘that to attain the virtual reality effect, the system must deliver very high 

performance’. His insight of a new technology clashing with existing norms, the ‘ill-fit’ 

which that causes and the fundamental problem of inadequate system performance is 

common in the literature.  

 

Research needs 

 

On a different tack, Turoff (1997 p43) looked beyond VR as we understand it and 

suggested that ‘there is a need for more experiments on design processes incorporating 

the evaluation of social impacts’. Indeed this has been hinted at by other authors also, 

some of which have voiced concern over VR having an impact on the mental health of its 

users and calling for research into this before it progresses too far. Is this a further 
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impediment to VR development? Perhaps not, but instead a safety issue not sufficiently 

addressed. 

 
 
3.6.3  Learning virtually 
 
 
Krueger (1991) commented that in artificial reality, doing is learning and in it ‘compact 

experiences can be composed that convey lessons more quickly and more certainly than 

can real life’ (Krueger 1991 p192). He also held that by training people in VR you capture 

all their actions (Krueger 1991 p190). Clearly he was of a mind that saw merit in 

quantifying responses, to measure all the learning people achieved in a VR training 

system. Krueger recognised that, in addition to VR revealing possible defects in the 

design of the equipment or training program (Krueger 1991), a trainee’s level of 

confidence could also be identified (Krueger 1992; Pryor & Scott 1993). 

 

Krueger (1991) is one of several authors who have pointed to one of the key design 

issues of VR being the clarity of the participant’s experience.  That the VR environment 

projects in users a sense of awareness and most of the time the participant is in direct 

control of the interaction is a moot point lost on authors and educators who determined 

that the learning, training or teaching event that transpires through a VR learning system 

should be directed and controlled by someone other than the user.  

 

VR Learning Issues 

 

Gunther-Mohr (1997 p47) remarked somewhat poignantly that there is speculation that 

‘VR may improve a trainee’s ability to learn and retain information and skills. While 

most is anecdotal, studies are underway to examine the effectiveness of VR-based 

learning’. A number of formal studies have indeed been conducted, but into child 

learning with VR technology and industry training, for example: Chen, Toh & Ismail 

2005; Johnson et al 1998; Adams (1995). Whereas the findings from such studies are 

derived from a different population type and learning design to this study, their 

relevance in parts such as human responsiveness, safety, environmental issues cannot 

however be wholly ignored. It stands to reason that simply by virtue of interacting with 
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a VR system, something must be learned – starting with system manipulation, exposure 

to a synthetic environment and finally the content of a VR environment. How much and 

within what timeframe and whether that learning is of the quantity and quality expected 

by a learner is of course a matter for examination. 

 

People will learn no matter what environment they are placed in. Furness (cited by 

Miller 1992 p25) quipped:  

 

We build mental models from the things that we see, and we extract from 
that visual experience an understanding or at least a representation of the 
world that we are experiencing.  We also build models from abstractions, 
from highly symbolic environments. For example, with reading we take 
written symbols and translate them into models.  We create worlds in our 
head when we read …  The world that we create is in our imagination but 
we remember it. 

 
Furness also said: 
 

The real issue about learning and understanding is how much input does 
it require for us to be able to build models that are effective in helping us.  
When we learn we are creating better ways of interacting with the world 
so it does not require as much energy to do something as it might with an 
unlearned way.  Or we accomplish something we would never be able to 
accomplish otherwise. (Furness cited by Miller 1992 p25) 

 
The important thing to remember is the way we store information.  Have 
you ever had the experience of reading a book, and you remember where 
a particular statement was on a page, but you don’t remember the 
statement? (Furness cited by Miller 1992 p24) 

 

Furness was cognisant not only of the potential of VR technology but of how people 

behave and learn. His view of VR extended beyond the simple notion of learning to that 

of learning optimally, in a timely fashion. He extolled that ‘one of the values of virtual 

reality is accelerated learning - it makes it much more efficient to get information in and 

out of the brain’ (Furness cited by Miller 1992 p26). If this notion seems a trifle bizarre, 

he is not alone in this thought. Fritz (1991 p46) wrote: 
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A VR experience is composed of digital information that can be 
manipulated, so applications can be customized easily.  If the expert is 
going too fast for the trainee to follow, the procedure can be slowed 
down.  Lanier has used this principle in a VR system that teaches 
juggling.  The learner starts juggling very slowly until he gets the hang of 
it.  Then the speed is increased incrementally until it reaches normal 
speed. 

 

And there are other examples dotted in the literature that point to VR being used not just 

to learn through, but to learn at an accelerated rate. Though of interest and related to the 

study at hand, this however is not the main issue with which this study is concerned and 

will not be pursued here. 

 

VR-based training  

 

Where learning is a natural dimension of the human organism, the training and teaching 

of humans are institutional dimensions or paradigms. Institution-led learning invariably 

requires learners to adapt to the institution’s systems and processes. The needs of the 

organisation training people for its purpose is paramount and learners’ needs secondary. 

 

This would not be a problem but for the fact that learning, to be successful, is one of 

those phenomenon that requires negotiation between the teacher and student. Phrases 

such as Fritz’s (1991 p47): ‘In the VR world ... Imagination and fun could be a regular 

part of learning experiences’; and Furness’ (cited by Miller 1992) ‘[virtual reality] gives 

you a way to optimize the interface, adapt the interface to your particular abilities’(p24) 

conjure thoughts of democracy in learning events. 

 

When interviewing Lanier, Ritkin (1996, s/6) reported him as saying: ‘The assumption 

that users want only electronic versions of familiar things, such as filing cabinets and 

Rolodexes, is wrong’ implying a certain failure in VR world designs, and a 

misunderstanding by designers of their system users’ needs. If this is true, then just how 

effective are some of these virtual worlds in achieving their designers’ aims? 
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Physical factors are frequently well considered by system designers. Furness (cited by 

Miller (1992) for example commented that ‘the gloves and goggles of virtual reality are 

suited to people with spatial orientation’ (p24) and Gunther-Mohr (1997) suggested that 

‘Adding sound to VR can enhance realism but is not required’. Furthermore, Ritkin 

(1996, s/7) noted that: ‘Lanier believes that learning keyed to an environment - 

especially an environment in which one perceives one’s body to be moving, such as in a 

corridor or on a street - is more effective for comprehending complex and abstract 

associations’(p7). But what of the factors that concern users? 

 

Gunther-Mohr (1997) saw beyond the functional practice of training, saying that  

‘today’s VR training program’s concentrate on the development of technical skills’ (p48); 

and ‘VR can build on other training systems. It can be incorporated into existing CBT 

modules and is compatible with many authoring software programs. VR is useful in 

conjunction with traditional classroom and laboratory instruction’ (p47). But in conflict 

with this positive view, Croft (1995) remarked that he saw the widespread use of virtual 

reality was likely a distant goal. Whether he is right or not remains to be seen. 

 

The impact of VR learning systems 

 

The impact that learning systems have had in learning, teaching and training in industry 

and institutions are many. Examples of successful experiences are scattered throughout 

the literature. For example, Adams (1995) describes Motorola, through its VR learning 

system, ‘experiencing a tenfold cost savings from its virtual reality training, ... (and) 

preliminary tests have shown VR-trained employees learn faster and make fewer 

mistakes than those trained using traditional hands-on methods. [in Motorola] They 

become totally immersed in the virtual environment and seem to absorb concepts much 

faster’ (Paton cited by Adams 1995). ‘Past experience has shown that associates learn 

better outside the work environment - in a friendly positive and supportive atmosphere 

where the machinery is less intimidating’ and ‘After attending the combined 

classroom/laboratory sessions, associates better understand the technologies they will 

use in production’ (Adams 1995 p45). 

 



Chapter 3: Technology and Adult learning 
 
 

 

 3-43 

Simmonds (1995), similarly has described the application of VR technologies to perform 

industrial tasks, pilot training and design. Briggs (1996) has described uses for the 

teaching of adults that include: safely trying out new techniques, to learn tasks virtually 

before applying them in the real world; to ‘practice tasks in hazardous environs’, and 

‘practice dealing with emergencies on the job’ (p16). 

 

And in the area of safety/hazardous work, Gunther-Mohr (1997 p47) said that: ‘VR is 

particularly beneficial: when such hazards as radiation or toxic chemicals are involved; 

when trainees cannot access new products or expensive equipment; when trainees 

cannot travel to a training site’. 

 
 
3.7  CONCLUSIONS 
 
 
VR technology is presently still in its infancy (Croft 1995) and as such suffers for that 

technically as well as in its credibility among its would-be users. Sophisticated VR 

systems are available in only a small number of research sites, though lesser systems are 

available in a variety of business, education and information display settings.   

 

Contemporary computer technologies are but one option that can support adults in their 

need for self-directed learning media. But how capable these technologies are to address 

learners’ need to learn quickly and efficiently is a difficult question to answer. 

 

Clark (1983) argued that ‘media do not influence learning under any conditions’ (p 445) 

and said that media are ‘mere vehicles that deliver instruction but do not influence 

student achievement...’ (p 445). He called for researchers to ‘refrain from producing 

additional studies exploring the relationship between media and learning unless a novel 

theory is suggested’ (p457). Therein is the challenge for this study. 

 

We know that educators continue to teach and train people in ways that are sometimes 

criticised as being dated. And we know that there are times and places when such 

methods are a perfect choice and continue to be relevant and effective. That fact is not 

challenged. But moving forward and embracing new and additional technologies with a 
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new theory as suggested by Clark, and with a leading-edge learning technology is the 

challenge for educators. 

 

Many studies of past technologies describe mechanical - or at best electronic – media. So 

it remains a question, whether the research findings from these studies are as applicable 

to today’s computer technologies or today’s social environment. Clark’s comments were 

a comment on the technologies and practices of his time and should be respected for 

that. But his schema and frame of reference is undeniably different to that in which we 

presently live. 

 

In concert with Clark’s tone, Simmonds (1995 p10) remarked that: ‘Compared with the 

rate at which computing power has advanced, our means to interact with computers has 

been rather unspectacular’. VR technology is still in the early stages of its development. 

Its actual potential has only just begun to be realised through a small number of research 

activities and experiments.  Whilst Fritz (1991) cited Lanier as liking to say that VR is ‘a 

medium whose only limiting factor is the imagination of the user’, Briggs (1996 p14) 

remarked that ‘[virtual reality’s] state of development has been likened to the space 

program in the 1950s or microcomputers in the 1970s’. 

 

Virtual reality technology can replicate almost any real or imaginary environment, and 

through that can facilitate satisfying learning experiences in almost any subject type. 

Fritz (1991 p47) cites Krueger, saying that ‘he believes VR will revolutionize the training 

field by making it possible for trainers to teach people to operate devices or systems that 

do not yet exist’. Similarly, Croft (1995) sees that technology will for the near future 

focus on getting people the information they want, when they want it. 

 

Virtual reality technology has evolved slowly compared to other computer technologies 

for a range of reasons, including the cost of development. Other than for computer 

games entertainment usage, virtual reality environments have not become popular in 

education and learning ventures although many articles have been written promoting its 

use. The limitations to virtual reality technology usage are still being explored and 

mostly this relates to research into human factors. Technological limitations will be 
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overcome in time as hardware, software (program coding techniques) and displayed 

environments and navigation issues improve. 

 

Typical of front-end technology, VR presently exists in a relatively experimental stage of 

its development and through that has failings. Virtual reality technologies are today still 

incapable of producing environments and objects that are true replicas of reality and 

although progress is being made, the expectations and the realities of VR technology do 

not match the sensory needs in almost all sensory functions, that is: time, sight, smell, 

taste, sound, touch. It is the actual success and achievements of this technology that will 

be examined in this study, and Furness’ first, fourth and fifth areas of empowerment 

investigated and tested. 

 

Immersive qualities clearly separate virtual reality technologies from predecessor 

technologies. Furthermore, where ‘Physical prototypes take a great deal of time to 

produce and are very costly. Changes to electronic simulated prototypes can be done 

rapidly and inexpensively’ (Briggs 1996 p16). ‘Krueger says that one of the advantages of 

an artificial reality system is that it allows learners to turn the learning process into an 

active process - even a physical one’ (Fritz 1991 p47). 

 

Adult learning theories and practice have not moved at the same rate as learning 

technologies. And whilst virtual reality technology has been called a solution looking for 

a problem, and its shortfalls highlighted by, among others, Sheldon (2001), Wann and 

Mon-Williams (1997) and Briggs (1996), adult learning would appear to be an area that 

could benefit considerably from the promises of VR. 

 

An urgency for adults to learn and for industry to train people for work appears to be 

intensifying. Wittenberg (1995 p14) remarked ‘As automation spreads throughout 

manufacturing industry the number of people engaged in it declines relatively.  Those 

that remain in the industry need to be more highly skilled than the “machine minders” 

of the past’. 

 

As a technological tool that has a demonstrated potential to facilitate fully self-directed 

adult learner learning, VR technology follows the steps of predecessor computer-based 
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technologies, but has also set a new standard for future learning systems.  It presently 

falls short in both its technical hardware and software development. But it both borrows 

from the lessons of the past, and blazes a trail of its own because it is a very different 

technology, one which fully-interfaces with its user to create an immersive environment 

through physically (sensorily - eyes, ears, touch) interfacing with its users and their 

mindspace. No technology before VR has elicited this capability, and as such many of                   

the widely held conceptions of learning and training and education, do no readily apply 

to it.  

 

There are many variations in the mix of hardware and software components that make 

the technological side of a VR learning system. The researcher has distinguished his 

configuration from the technology-only models because it also includes a theoretical 

framework of learning and is designed from a theoretical and end-user end, not from the 

technology end. 

 

The learning frameworks described in VR studies (for example, Brancato 1993; Myers & 

Hollan 1996) are almost always pedagogical, and occasionally constructivist. In these 

studies, participants’ learning resulting from their VR experience is almost always 

reported as though a side-effect of the research design. This may possibly be because 

human learning was not the primary concern of these research investigations. Possibly 

because of the relative newness of VR technology also, no studies have been found that 

centre on cognitive, declarative knowledge learning in an adult self-directed learning 

framework. Hence the need for this study. 

 

Studies into child and adolescent learning and into pedagogical and constructivist 

learning designs form the bulk of research literature on human learning in a VR 

environment. The contribution this research has made to advancing human learning has  

been enormous and has neither been ignored or dismissed by the researcher. As this 

thesis has limitations imposed on its size, literature that was considered not highly 

applicable to, or consistent with, this study’s aim was not able to be included in 

discussion.  
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In the next chapter, a virtual reality learning model, based on findings in the literature in 

Chapters 2 and 3, is presented. 
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Chapter 4 
 
 

An Andragogical Virtual Reality 
learning system 
 
 

 
if learning is building models and interacting with those 
models to perform particular tasks, how well can you accelerate 
learning? ... we believe that learning is accelerated when you 
have a way to provide high semantic content in the learning 
process.  That usually means an experiential, multisensory 
input where you remove as much abstraction as you can..  
 

(Furness cited in Miller, 1992 p25). 
 

 
 
There have been numerous attempts to conjoin adults and state-of the-art technologies to 

foster learning. But few educators have dedicated themselves to progressing thinking in 

people learning through their own efforts, independent of teachers, institutions of 

teaching and traditional learning strategies. 

 

Many learning strategies that have looked to technologies to teach people have 

produced disappointing results for both adult learners and educators. The gap between 

adult learners’ expectations of learning technologies and what technologies have 

actually been able provide learners has been commented on with some frequency in 

popular literature. 

 

Armed with this knowledge the researcher proposes that virtual reality (VR) technology 

can facilitate self-directed adult learning and not just deliver ‘more of the same’. The 

researcher’s reason for making this assertion is based in evidence available in current 
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literature in which basic experiments indicate that VR technology possesses a host of 

qualities which technologies before it have not - for example, immersion, presence, and 

three dimensional qualities - is described. 

 

Many of the limitations experienced by conventional computer-based learning systems 

and conventional learning systems do not apply to a VR learning system. And many of 

the ‘rules’ and limitations applicable to computer-based learning systems, created before 

and presently paralleling VR technology, also do not apply to VR learning systems. 

 

For some, it would therefore seem appropriate to think of a VR learning system as a 

logical next step in a long line of computer-based training machines. This researcher, 

however, does not agree with this view. Instead, he sees VR technology as both leading a 

new paradigm in computer technology based learning and complementing existing 

systems and strategies. 

 

From the developments in adult education learning theory and learning technologies 

outlined in Chapters 2 and 3 respectively, this chapter presents a framework of virtual 

reality technology and self-directed adult learning assumptions that are internally 

consistent and contestable and presents a framework for self-directed adult learning 

with virtual reality technology. 

 
 
4.1  SIGNPOSTS FROM LITERATURE 
 
 
Within this thesis, andragogy has so far been referred to as a theory, a model and an 

educational model of learning through teaching. Andragogy was researched extensively 

by Knowles (1990). In the field of adult learning, he is widely viewed as the father of 

andragogy. Though he did not coin the term, he did formulate his ideas on human adult 

learning over years following his research into self-directed learning. Knowles (1990) 

described self-directed learning as a technique of andragogy. And as such, andragogy 

and self-directed learning practice - whilst separate in their detail - share a common 

bond: the assumptions that comprise the adult learning model andragogy.  
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Knowles’ research on adult learning extended a line of investigation pioneered by a 

number of leading theorists before him, chief among them Dewey, Lindeman, Houle and 

Tough. But significantly, and perhaps an accident of timing, Knowles (1990) recognised 

that with the advent of advanced computer technologies, the time for adult learning 

principles to be re-visited in the light of such technologies was imminent. 

 

Whether Knowles’ assumptions of learning are regarded as a theory or as a model of 

andragogy by himself and other authors is not considered important to this study. The 

researcher sees this as an argument in semantics. It is with the substance of learning and 

adult principles that this study is concerned, in particular: how well adult learning 

assumptions integrate with computer-based learning models and virtual reality 

technology systems to form an andragogical virtual reality learning model. 

 

The theory of adult learning, its defining assumptions, underlying conditions and an in-

principle ‘process’ appropriate for designing and implementing an adult learning event 

are outlined by Knowles and various other adult learning authors; and self-directed 

learning principles have been described by Knowles and several other authors, for 

example, Long (1990, 1993). 

 

Whereas these two theories form the primary theoretical basis for this study, they would 

be incomplete in learning practice without links to instructional design theory and 

instructional technologies. There is a wealth of information on learning and adult 

learning theories and instructional technologies in the literature. But there is by 

comparison much less research in breadth on self-directed learning technique and 

instructional design of an andragogical form.  

 

A sample of key authors in the fields of adult learning, instructional technologies, 

instructional design and self directed learning technique referred to in the formulation of 

this study’s VRSDL framework is illustrated in Figure 4.1. 
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Figure 4.1: Sources of information used to develop the VRSDL framework 
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The authors featured in this figure are, however, by no means the only authors in these 

key areas referred to during investigations for this study. Indeed, a range of other 

authors in and across these and other key areas of this study are referred to in this, 

previous and subsequent chapters of this thesis. 

 

 

Converging literature 
 

Learning theories, self-directed learning technique, instructional design theory and 

instructional technologies literature form the theoretical foundations which have guided 

this study’s VR learning framework. Each is underpinned by a number of principles and 

issues and, in some cases, consequences that result from their interaction. For reasons of 

both insufficient space and focus, this researcher has undertaken not to debate the pros 

[] 
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and cons of the work of each theorist cited other than where major disagreement which 

has implications for this study and its aim is found. 

 

Rather than arguing and defending the positions of the range of authors’ cited, this 

thesis instead prefers to present a positive view of their work as it relates to the aim of 

this study. Further, it attempts to collapse similar and divergent views found in research, 

industry, academia, and a range of professions, of which education is just one voice 

among the many, to capture the perspectives of many people whose area of interest is 

important to this study’s learning framework and model. 

 

Many theories of learning have been developed with which to better understand the 

concept of learning.  Some have stood over time and some have not.  But as advanced 

electronic technologies such as CD-ROM, multimedia, the internet, the world-wide-web, 

and virtual reality, technologies were not even conceived when most theories of learning 

were formulated, the application of old theory to current problems requires caution.  

Indeed, many recent, modern learning theories have not anticipated the nature or impact 

of computer technologies that are now in everyday use in homes, schools and offices nor 

how they have influenced people’s habits and how they go about their daily business. 

 

In an ideal world, the process of human learning begins with a learner have a learning 

need which he seeks to satisfy and ends with him having learned. Between these two 

points, many activities occur and these have been described in detail by many learning 

theorists and educational psychologists. The net result of learning successfully is a 

growth of knowledge, a change of understanding, heightened confidence through 

knowing or understanding and so on. Regardless, of what is intended, some change – 

intended and/or unintended - in the human organism occurs. 

 

Learning design factors 

 

Within this process, however, there are a number of factors. Firstly there is the human 

being, or learner. We know that people are diverse and complex, but from the 

perspective of an educator, a first task of a teacher or trainer is to categorise people. 

Learners as a rule do not do this to themselves when learning. They just explore, test, 
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sample, engage or do whatever takes their fancy. Some with compulsive tendencies will 

be more systematic about their approach, but they are not typical. Learners do vary in 

their demographic status and the psychological and physical factors that contribute to 

their categorisation in, for example: gender, age, background of achievement in 

education, primary and secondary languages spoken and written, learning style, sensory 

preference, motivation (readiness) to learn, self-directedness, wellness and physical and 

mental health-related conditions (for example, poor eyesight, nausea, vertigo, 

schizophrenia). In conjunction with these factors, adult learning theorists and 

practitioners recognise that learners have need of a reason to learn, being responsible for 

their own learning, experience, readiness to learn, interest in the area (chosen) to be 

learned and intrinsic and extrinsic motivators present. 

 

In addition to these factors, experimenters, educators and trainers recognise the need for 

an environment that is occupationally safe and fit for purpose – as discussed in human 

factors literature. Curriculum designers’ concerns would include the quantity, quality, 

organisation and content of information and its fitness when communicated through a 

given learning medium in relation to pace of delivery, display format and delivery 

schedule and the associated delivery agents (for example, a facilitator, trainer, electronic 

system). 

 

Technological considerations, as an extension to the concerns of a curriculum designer, 

would have as a minimum two levels: technical functioning and user interaction. 

Technical concerns would include: system integrity, fitness of system for purpose, and 

where applicable, software and hardware suitability and idiosyncrasies (for example, 

downtime, frame refresh rates); User issues would include user safety matters, fitness for 

the task to be completed, user idiosyncrasies (for example, vertigo, technology-induced 

epilepsy). Somewhere between system-induction and a learner’s psychological state are 

the factors immersion and presence, which may also be counted as environmental or 

psychological factors – relative to design and study design purposes. 

 

Finally, there are factors relating to learners’ satisfaction with a learning event: in 

anticipation, during and after the learning journey. Learners’ expectations of an event if 

not met in accordance with their expectation will diminish the quality of learning in a 
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learning journey. Their needs and preferences, and timing the provision of those ideally 

to a learner, is problematic, and consequently a point of failure for any learning system. 

Self-directed learning strategies in part avoid timing dissatisfactions, but the advent of 

dissatisfaction with any or parts of a curriculum content, presentation, media choice, 

environment and many other elements of a learning system and process prevail. 

Nonetheless these remain factors considered in the learning mix by educators when 

designing learning events. 

 

System designs 

 

A majority of educational and training systems described in the literature reside in 

business training, military and school and adult teaching institutions (for example, 

Seidel & Chatelier, 1997; Schlechter & Burnside 1996; Youngblut 1998). Learning system 

designs, and the uses to which the systems are put, are consequently as individual and 

varied as those places they are found. (Kenyon & Afenya 1995; McKenzie 1998) A 

traditional learning design would consist of the system, teacher, learner. (Parr 2000) This 

study’s design differs in that it eliminates the teacher’s involvement, leaving the learner 

to interact wholly with the learning system. 

 

Computer systems’ sophistication in servicing learning pursuits has developed so far as 

to lead Forsyth (1993) to conclude that: 

 

‘computers and information technology in general have surpassed the 

capability of teachers in all the various roles attributed to them ... and that the 

functionality of information technology becomes the tool for learning. ... What 

learners do need is an environment that is conducive to the activity of learning 

and this is provided in the realm of computers and related technology.’ (p 253) 

 

Learning system designs are usually one of two types: educator-designer centric or 

learner-centric. Whereas educator-designer centric designs service the needs of the 

designer or educator (in for example, university lecturing, business skills training), 

learner-centric learning designs service the needs of the learner. Learner-centric designs 

may also be found in university lecturing, business skills training settings. Systems may 



Chapter 4: An andragogical virtual reality learning system 
 
 

 

 4-8 

be stand-alone, or networked; with or without an intelligent tutoring function; include or 

not include a learner assessment feature such as that described by Piskuric (1993) – refer 

Chapter 2. 

 

With educational institutions, the military and business dominating the learning system 

landscape, system designs generally follow the same design paradigm: pre-determined 

curriculum modeled on teaching principles, basic hardware and peripherals, and 

networked where that is deemed necessary by the organisation. 

 

Learner-centric designs are generally less rigid than institutional designs. They provide 

an open, explorable curriculum, and control devices befitting the system’s purpose 

(McLoughlin 1995). For example, scientific learning designs could include haptics for 

interacting with objects, designs featuring high or complex visual information could 

include 3D wearable spaces (that is, HMD), and environments with high aural output 

could include aural devices that provide stereoscopic sound. (Earnshaw, Gigante & 

Jones 1993; Wyshynski and Vincent 1993) 

 

For a system to generate and support a virtual world learning environment requires a 

curriculum that is designed to meets the learning needs of its user, and a hardware 

platform that will both support that curriculum and generate a virtual world that is 

sufficiently satisfactory in meeting the physical and psychological needs of the learner. 

 

The hardware components of a VR computer-based system include: computer hardware 

(engine), software (system operating, and VR world generating), peripherals (haptics: 

navigational devices, wearable information spaces, locating sensors), and depending on 

the design (for example, CAVE) additional environmental requirements such as a room 

to house either, or both, the equipment and the learning environment it services. Designs 

also consider the component parts of a system, which vary with curricula content, 

learning objectives and their compatability with the characteristics of the medium 

selected to present the information and support the learning strategy and its objectives. 

 

A learning system’s user requires a system to include a suitable interface with the 

equipment and environments that will achieve their learning goals. (Lanier 1995; Najjar 
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1998; Powrie, Koch & Fernandez 1993; Matsubara, Toihara, Tsukinari & Nagamachi 

1997; Luecke & Edwards 1996) 

 

A number of VR learning systems and designs were found in the literature. For example, 

Johnson et al (1998), Menousek & Wolfe (1997), Dean et al (1997), Tam et al (1999), Dede, 

Loftin & Regian (1994), Brelsford (1993), Slator et al (1999), Okapuu-von Veh et al (1996), 

Wittenberg (1995), Chakraborty (1997), I/S Analyzer (1997), Rose (1995), Bass (1998), 

Brewster, Montgomery & Glendye (1999), Johnson et al (2002), Kozak, Hancock, Arthur 

& Chrysler (1993), Zeltzer and Pioch (1996), Pratt, Locke, Barham & Falby (1995), Liu 

(1996), and Nowak (2002). Outstanding amongst these designs was that of Johnson et al 

(1998) – the NICE project - which in many ways emulated this researcher’s goals, 

excepting that it investigated child learning. The research that each of these authors 

undertook is named in Chapter 7. 

 

With this study being concerned with learner-centric system designs, these systems and 

designs were instrumental in providing both information and models that guided the 

design of this study’s VRSDL system and model, as well as the VR world created for the 

experiment.  

 

In addition to these major studies’ designs and their findings, the researcher found 

further research literature that yielded VR research and education research finding on 

technological, environmental design and user experiences. These also informed and 

influenced the design of this study, as principles of design. The findings in that literature 

included:  

 

•  ‘various presentation strategies ... differ in facilitating different learning tasks; 

students with different prior knowledge learn visual information differently, and 

students with poor knowledge require different presentation forms for achieving 

learning tasks’ (ChanLin 1999),  

• virtual environments should provide students’ with support to reflect on their 

performance (Romano & Brna 2001),  

• HMD had a significant positive effect on test performance (McDermott 1995). 
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• virtual hand control is faster and more accurate than 3D mouse cursor control 

(Werkhoven & Groen 1998),  

• immersion VR response times and image qualities are poor and full immersion 

has difficulty supporting the stereoscopic approach (Rivers 1994),  

• polygons-per-second drawing mismatched with head motion will induce 

simulator sickness (Poston & Serra 1996),  

• caricatures are less effective than high fidelity images (Bailey 1994),  

• virtual environment characteristics affect acquisition of route knowledge (Barlow 

2001), 

• in place learning, system users showed greater reliance on distance information 

than angular information (Waller, Loomis, Golledge & Beall 2000),  

• participants search most efficiently when they simultaneously use global and 

local maps (Ruddle, Payne & Jones 1999),  

• there is a weak negative correlation between the factors achievement and 

education, and the factors prior use of technology and anxiety (Craven 2000),  

• the gender digital divide favours men (Beazley 2000),  

• gender influenced VE-related tasks relating to interface proficiency and spatial 

ability (Waller 2000),  

• the average woman is slower and less accurate than men when moving from 

point to point or trying to locate objects (Fox 2001),  

• performing a fine motor task, the virtual environment condition produced about 

18 times more errors than the real world environment task (Arnold, Farrell, 

Pettifer & West 2002),  

• the ability to point to unseen objects in a VE is predictive of a person’s ability to 

do so in the real world (Wailer, Knapp & Hunt 2001),  

• ‘ability level is more important to navigation performance than training method 

... the VE allows for time compression in training, allowing more area to be 

traversed in a shorter amount of time than would be possible in a physical 

activity’ (Darken & Banker, 1998 p18),  

• there is a relationship between body movement and presence (Slater, Steed, 

McCarthy & Maringelli 1998),  

• students gave higher ratings of presence when learning with HMDs (Moreno & 

Mayer 2002),  
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• during navigational learning in a VE, the right cerebral hemisphere appears to be 

more activated than the left (Cutmore et al 2000),  

• no beneficial effect on orientation through actively exploring a virtual 

environment was found (Wilson 1999), a positive relationship was found 

between immersion and performance, and between computer usage and 

performance in a virtual environment (Finkelstein 1999),  

• (medical) examination times and hand-eye skill can be substantially improved 

(Tuggy 1998),  

• acrophoic symptoms can be improved with VR (Choi et al 2001),  

• VR provides a safe environment for rule learning and repetition of tasks (Parsons 

& Mitchell 2002),  

• the number of features in a VR environment does not seem to influence distance 

knowledge; direct retrieval of information appears possible (Jansen-Osmann 

2001),  

• virtual reality provides environments suitable for knowledge transfer 

(Mikropoulos 2001),  

• learning transferred to real-world behaviours (McComas, MacKay & Pivik 2002),  

• media did not affect retention or transfer performance (Moreno & Mayer 2002), 

• computer-based training is more effective than instructor-led training, but 

instructor-led training is more acceptable to learners than computer-based 

training (Desai 1996), 

• virtual training was as beneficial as real training and more beneficial than 

workbook training (Brooks, Rose, Attree & Elliot-Square 2002), 

• interfaces can be designed to meet users’ intuitive needs (Oyoke 1998), 

• individual designs matter (Lanier 1999). 

 

 

Whereas VR learning is the major focus of this study, and three learning systems were 

compared, the research design required equal attention be given to each VR, internet and 

book learning media. Each of these media is a learning system, characterised with its 

own unique features and ‘affects’ on learners. The experiment design – Chapter 5 – 

discusses these differences. 
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From the standpoint of system learning design, the findings from research listed above, 

in conjunction with the system designs in the literature (listed in Chapter 7, and their 

designer authors listed above) were pivotal guides to the design of this study’s systems, 

in the areas: learning technologies, curriculum, and user requirements. The learning 

strategy for this study is self-directed learning, and that has been discussed elsewhere in 

this thesis. 

 

Learning technologies 

The principle three major learning technologies used in this study have been discussed 

throughout this thesis. Of major importance to their use in this study was that they each 

typified their type. What is a ‘typical’ VR HMD system is difficult to define. Internet and 

book systems less so. VR systems’ components and interfacing equipment that wee safe 

for users were chosen for this study and configured to enable the problems for research 

to be investigated. For the VR system, using a HMD and PC mouse for navigating 

through the virtual world Alexandria, the design choice took account of immersion, 

presence, navigation, user comfort, intuitive feel (Oyeoke 1998). Information was 

dispersed throughout the virtual world, some visual, some interactive, with sound files 

being triggered by the learner with the navigation device. For the internet: a 2D PC 

display, simplicity of control through a keyboard and PC mouse, with hyperlinks to 

information within the module from the interactive topic menu, screen colours with text 

and diagrams interspersed were neutral tones and uncluttered, curriculum content was 

organised over a minimal number of pages in a flexible, mind-map arrangement (Buzan 

1998). The book was similar to the internet system in its displayed content, was tactile, 

and had an added benefit in its being able to be written on by learners.  

 

Curriculum organisation and presentation 

Curriculum design issues, to achieve effective learning, have been discussed by 

technologists and educators (for example, Gagne 1965; Langenbach 1993) at length. In 

traditional practice, textual and pictorial information is organised into a linear, logical 

order format. Audio information is also often organised according to the same ‘logical’ 

design principle. When all three are ‘blended’ they are again usually organised in 

accordance with an author’s view of what is logical. To transmit information in a well-

organised manner. (Dewald 1999) There are departures form this model. Mind maps, for 
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example, take an organismic view of information. That is, units of information are 

complete within themselves, person surveying them attach meanings and associations. 

Like a street map, keywords in mind-maps lend themselves to being displayed 

pictorially. Mind-maps are an alternative way to organise information. (Buzan 1998) 

 

As a consequence of their characteristics, the three learning systems/media used in this 

study, whilst having identical information to convey, varied in how they communicated 

that to their users. Where the internet and book systems are able to present information 

to learners in a traditional format, a VR is less able to do so. All three systems are, 

however, able to present information in a mind-map (Buzan 1998) format and so, for the 

purposes of this study, that format was chosen for all three learning systems.  

 

The topic information presented in this study’s VR system, because of the VR world’s 

exploratory environment format, was dispersed across visual information cues: obelisks, 

figures of important people in Alexandria, scrolls in the Library of Alexandria. Learners 

explored and sought out that information, located in buildings and the streets of 

Alexandria, as they required. The internet system, with its 2D screen, was in effect an 

electronic page-turning environment with text and diagrams hyper-links that allowed 

navigation to all other pages of the module or to specified words or names entered in the 

module’s search tool. The book learning system was as a standard book, with a table of 

contents in the form of a mind-map. (Buzan 1998) It closely resembled the internet 

module in layout and appearance, but was nothing like the VR world. All three modules 

contained exactly the same information. However, where the internet and book were 

text and illustration based, the VR world presented textual information through audio 

files (triggered by the learner), maps as wall-sized pictures, and the streetscape, 

buildings and ambient noises of the city were each encountered through touring the city. 

The internet and book systems’ design were inspired by Sassoon (1999), Nykanen (1999), 

Misanchuk, Schweir & Boling (1999), Starr and Milheim (1997), Kozma 1991;  and Ozen 

(1999). 

User requirements 

Molich and Nielsen (1990 p338) said: ‘Any system designed for people to use should be 

easy to learn and remember, effective, and pleasant to use.’ The literature (for example, 

Lanier (1995), Furness in Miller 1992) discusses broadly the need for users to be 
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comfortable in their technological learning environment, and that designs should be 

intuitive (Oyoke 1998). Discussing interface design, Powrie, Koch & Fernandez (1993), 

for example make the point that software packages should be clear, simple and error-

free. 

 

Human factors 

Human factors are of major importance to technological systems design and usage. 

There is a major set of literature available discussing human factors. In that, Carey (1991) 

for example, raises awareness in matters of safety and operator use of learning systems 

and peripherals and the environment in which these are used, and (in the case of VR 

technology) create. Interfaces, information presentation, system/user communication, 

end users, training, nausea/vertigo, disorientation are discussed at length and are 

discussed in that context elsewhere in this thesis. In terms of system design, drawing 

from the lessons of the literature, this study attempted to craft a system that was at the 

same time user friendly (intuitive), safe (HMD, magnetism, vertigo-free) and, as far as 

possible, technically on par with the VR, internet and book ‘systems’ used publicly at the 

time of the study. 

 

A self-directed learning system 

 

Views that adults can be fully-functioning, self-directed learners are not popular. Indeed, 

the literature appears weighted against the technique of self-directed learning, and also 

the theory of andragogy.  

 

Garrison (1997 p21) said:  

 
To be theoretically useful, self-directed learning must go beyond task control and 
include the process of accepting responsibility to construct meaning and to 
cognitively monitor the learning process itself (ie metacognitive awareness). (p21) 

 

Amongst self-directed learning theories, there are two models that are described 

frequently: self management; and autonomy with reference to an agent. This study 

considers the first, but does not discount the advantage the second conception offers. 

Whilst the former affects the learner’s control, the latter features an agent that is 



Chapter 4: An andragogical virtual reality learning system 
 
 

 

 4-15 

available to assist the learner if that is needed, leaving the learner free to decide ‘what is 

worthwhile to learn and how to approach the learning task, regardless of entering 

competencies and contextual contingencies’ (Garrison 1997 p18).  

 

To construct a learning system that best fits self-directed learners’ needs, recognising 

that self-directed learners’ expectations of any such system are many and varied, was a 

necessary first step for research for this study. Two matters were unknown to this study 

when it was conceived: which types of learners learn best with VR technology?; and, is a 

VR environment equally capable of supporting all adults’ learning through self-direction 

as well as other major, more established self-directed learning media (for example, book 

and internet)? 

 

Both of these questions were key questions for research. To enable a comparison of the 

effectiveness of a VR learning system for learners to two other major learning media to 

be made, a typical book, internet and virtual reality learning system were developed for 

this study. 

 

The promises of VR technology 

 

A variety of learning systems have been criticised with some frequency in the literature 

as not responding effectively to the needs of adult learners (for example, Farr 1992; 

Brancato 1993; Angehrn & Nabeth 1997). One which has demonstrated that it is capable 

of being managed wholly by the learner, is a virtual reality based learning system (for 

example, Johnson et al 1998). 

 

Virtual reality technologies (also referred to as virtual environment technologies) are 

currently proving through laboratory experiments as well as field trials in a variety of 

industries to be a quantum improvement on computer-based learning technologies 

developed before it. Virtual reality (or virtual environment) technology has been 

declared by a number of authors in popular literature as possessing enormous potential 

and benefits for human learning. Virtual reality learning systems used in experimental 

environments have demonstrated that they might also fulfil roles that education 

institutions are struggling to service. A number of studies (for example, Hancock & Lai 
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1995; Quinones & Ehrenstein (Eds.) 1996; Roussos 1997) examining virtual reality and 

human learning have argued the potential advantages virtual reality technology-based 

learning systems provide over traditional learning technologies and strategies (read 

‘systems’), and call for more, and wide-ranging, research to investigate its advantages.  

 

There are a small number of VR experiments in which this technology has been used 

with pedagogical learning designs with a hint of self-directedness (for example, Johnson 

et al 1998). But most VR systems reported in the literature have used this technology in 

experiments investigating child, youth and adult human learning, against a pedagogical 

framework.  Many (for example, Carey (Ed.) 1991) also characteristically approach 

human’s use of virtual reality technology as human factors research with their research 

designs appearing to be pre-dominantly concerned with technical and equipment-

related aspects of the virtual reality systems and people’s operation of these systems’ 

components. Most of these experiments have tested an arrangement of VR equipment 

and software, and human factors associated with virtual reality equipment, that are 

applied loosely to a learning event. But none have proven that any one of the four 

common types of virtual reality system is superior for facilitating human learning than 

any other.  

 

With virtual reality technology still mostly confined to laboratories and video games 

parlours and suffering from lack of designer imagination in both these realms - 

especially with regards to learning - its effectiveness as a learning medium has yet to be 

proven. Accompanying that, with technological developments advancing rapidly, adult 

learning theories are growing old. New learning theories have not emerged to take their 

place, nor do they appear to be being amended to take into account the most recent 

learning technologies. 

 

Human learning needs and the learning process learners experience in these experiments 

- apart from being teacher-centred - appear in almost all cases to be incidental, identified 

after the fact, and a by-product of the experiment.  It is as though experimenters are 

saying ‘when we get the system right, a person will learn what we intend them to learn’, 

as though that is achieved technologically, without consideration of human 

psychological factors that are present before, during and after a person’s learning 
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experience.  There is very little information available on the use of virtual reality 

technology for human learning - and none on adults’ learning andragogically. 

 

Melding concepts to modernise an aging paradigm 

 

The researcher has concluded from the literature that where properly designed, taking 

into account available research and the needs of adult learners as described in learning 

theories, a virtual reality learning system capable of generating a flexible, information-

rich environment that allows him to learn by exploring, hearing, seeing, reading and 

manipulating objects of his choosing, will afford an adult learner total control over what, 

how and when he learns. Teacher intervention would be minimal and possibly none. 

 

Melding the literature on adult learning theory with self-directed learning technique, 

information technology instructional design principles, and virtual reality technology to 

construct a virtual reality self-directed learning system (VRSDL) model is fraught with a 

number of conceptual and definitional problems.  A first step toward dispelling these is 

through reaching agreement on what is meant by each of these terms, as well as with the 

less controversial terms ‘adult’, ‘learning’, ‘adult learning’ and ‘adult learners’ – each of 

which has been defined in this study’s glossary. 

 
 
4.2  THE VRSDL FRAMEWORK 
 
 
From the many lessons found in the literature, and to address the questions for research 

postulated from gaps identified in adult learning literature, a VRSDL framework (Figure 

4.2) with two levels was developed. At a macro level (Level 1) are three major systems 

and theories: learning technologies, adult learning theory and information management, 

and the adult learner. The adult learner is in the centre of the three systems, signifying a 

learner’s central importance, and drawing on each of the three systems to create an 

optimal learning environment. 

 

Figure 4.2: The VRSDL framework: Level 1 
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Whilst each system is an independent concept in this framework, with the adult learner 

being situated at the centre of the systems and ‘concepts’ (nodes), each exerts a force on 

both the adult learner and each other. The product of the forcefield is ‘change’ - both 

within and external of the adult learner and the learning environment inhabited by the 

learner.  

 

Underpinning the Level 1 nodes are the Level 2 concepts: self-directed learning 

technique in adult learning theory, instructional technologies, and instructional design 

principles. The Level 2 concepts feature: 

 

• adult learning principles (Knowles 1990; Tough 1971, Milter 1999; Foley 1995, 

2000). 

• adultness (Kennedy 1992; Knowles 1990; Tennant and Pogson 1995). 

• educational learning taxonomies (Bloom 1956). 

• learning (Lindeman 1926; Sweller 1994; Smith 1993; Gredler 1992; Klein, 

McCloskey & Pliske 1997; Van Slyke 2000). 

• self-directed learning (Knowles 1975; Long 1989, 1993; Garrison 1992, 1997; 

Nelms, in Long 1993; Piskurich 1993; Sims & Sims 1995). 
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• learning style types and preferences (Kolb 1978, 1984, 1985; Hart 1995; Hopey 

1999). 

• learning self-directedness: motivation (Guglielmino 1977; Bertrand-Hines 

2000). 

• sensory learning (Fleming 1995; O’Connor and Seymour 1994; Rose, C. 1985; 

Zahn 1967; Cohen & Wu 1980; Waddill and McDaniel 1988; Fleming & 

Hutton 1983). 

• the impact language has on learning - vis processing implications for ESL 

learners (Zhuo 1998; Birbili 2000; Moxley 2001). 

• self-direction and learner-centredness in systems design. (Heeter 1993; 

Epranian 1995; Smith & Ragan 1995; Cooperstock et al 1997; Brown 1999; 

Cambiano, Harvey & Martinez 1999; Dunlap 1999; Dupin-Bryant 2000). 

• distance learning: environmental factors (Lawhead et al 1997; Rudich 1998; 

Som & Leh 1999; Deal 2002). 

• technology-based learning systems: designs supportive of self-directed 

learning (Clark 1983; Guericke 1996; Dockstader 1999; Hickman 1999; 

Frohlich 1999; Duvall & Schwartz 2000; Lowe 2001; Scagnoli 2001). 

• computer-instruction design (Dijkstra, Krammer & van Merrienboer 1992; 

Brouwer-Janse & Harrington 1994; Rowland 1994; Vosniadou et al 1996; 

Bielema 1996; Dills & Romiszowski 1997; Liang & McQueen 1999; Jung 2001). 

• virtual reality computer technology (Earnshaw & Gigante 1993; Krueger 1991; 

Barfield & Furness 1995; Psotka 1995; Caird 1996; Green & Halliday 1996; 

Turoff 1997; Roussos et al 1997). 

• knowledge management: schemas and designs (Fan & Mak 1995; Thomas et 

al 2001; Marwick 2001; Hirschbuhl, Zachariah & Bishop 2002). 
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Discussion 

 

The features of the VRSDL framework that separate it from traditional learning models 

are that the adult learner (participant) has full control over the learning environment and 

VR system he interfaces with, and is not dependent on an external controller (for 

example, teacher, trainer, facilitator). 

 

The VRSDL framework brings together: 

 

• andragogical theory (adult learning principles) 

• self-directed learning technique (learner control) 

• virtual reality technology (information delivery medium). 

 

The framework offers adult learners a learning environment that allows them to:  

 

• undertake a process of learning in a subject area of their choice (and which 

will achieve learning needs identified by them);  

• explore a subject areas parts in whatever sequence they choose; 

• interact with a subject area in a virtual reality environment - generated by 

computer-based hardware and software technology; and 

• achieve learning outcomes they identify in a learning plan. 

 

The framework relies on each of its three major components equally. Its sub-components 

include a process that identifies learners’ preferred learning styles, to assist learners to 

identify methods of structuring and managing their learning in a VR environment, 

before entering the VR environment.  Whereas self-directed learning is considered a 

learning style by Knowles (1975), Long (1989, 1993), Garrison (1992, 1997), Nelms (in 

Long 1993), Piskurich (1993), and Sims & Sims (1995) it is the learning styles offered by 

Kolb (1978, 1984, 1985) that will be used in the model developed from this study. 

 

The function of andragogy and self-directed learning within the VRSDL framework is 

illustrated in Figure 4.3. 
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Figure 4.3: Convergence of adult learning theory and VR technology 
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In a fully-functioning VRSDL system (model), the learner interacts with the immersive 

VR learning system’s avatars to resolve his system management-related learning 

problems and uses them to help actually learn. In the study experiment, technical advice 

or assistance-giving was provided by a tutor – as required. 

 

The second and supporting part of the framework, the VRSDL system, is described in 

section 4.3. 
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4.3  THE VRSDL SYSTEM 
 
 
The literature has not said explicitly whether a VR learning system could support adults’ 

self-directed learning within an andragogical framework. It was an aim of this study to 

test that question in an experiment and develop a VRSDL model from the results. The 

purpose of the VRSDL system then is to provide learners with a mechanism with which 

to undertake ‘unsupervised self-directed learning’ (Nelms, in Long, 1993), and the 

researcher with a VR system that is able to facilitate measurement of its capacity to assist 

adult learners to learn. 

 

The VRSDL system designed for this study is based on five key concepts derived from 

the literature: 

 

• andragogical assumptions (adult learning theory), 

• self-directed learning (SDL) technique, 

• virtual reality environment technology, 

• computer-based instructional design, and 

• information management principles. 

 

It has three major parts: the learning technology (VR hardware and software and the 

environment that is created by and with them), the learning module mounted on the VR 

system (curriculum) and the learner (interfacing through HMD and navigating with 

haptics). These are illustrated in Figure 4.4 and have also been referred to in Chapters 3 

and 5. 
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Figure 4.4: Self-directed virtual reality technology learning system 
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Each part of this system is as important as each other for achieving learning success for a 

learner. That means that having hardware and software that perform to a standard 

expected by learners, developing learning modules that can facilitate effective learning 

in a VR environment, and assessing appropriately and accurately learner-users’ needs 

before they undertaken a VR learning journey is critical for a successful VR learning 

experience.   

 

The design of modules is a complex area for which there is insufficient space to discuss 

here, but for which references have been provided in section 4.1. The role of a learner 

and their actions within a VRSDL system are illustrated in Figure 4.5. 
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Figure 4.5: Learning need identification and topic selection process 
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Both curriculum design and analysing learners’ needs are complex matters. References 

for both in the literature have been provided in section 4.1 and elsewhere throughout 

this thesis and are discussed in Chapters 6 and 7. 

 

Summary 

 

This VR system’s effectiveness hinges on: the skills and capacity of system managers 

(that is, tutors, educators, curriculum designers) to provide for and support learners’ 

learning environment needs; and learners’ capacity to manage all aspects of the learning 

journey. The learning modules used in VR learning systems, because of VRs 

multisensory, interactive nature, require formats that differ from formats found in other 

learning media. To optimise the features of a VR world, the curriculum design used 

should fit with the presentation strengths of the VR technology. Topic modules are in 

effect system add-ons that provide learners with information and data, but how suitably 

that information is presented in a VR world to a learner’s needs and learning 

characteristics, is a factor critical to its success in assisting adult learners learn. It is with 

this component of the learning process, through providing subject and research 
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expertise, that educators and curriculum designers make their greatest contribution to 

this model, and to adult learners. 

 

During its development for this study, some disadvantages with this system and its 

framework were identified. For example, the specific topics (learning module/s) used by 

learners in this study, though relevant and appropriate for use on a VR platform, were 

not of any particular relevance to this framework. Not unlike other studies, trade-offs to 

achieve the major design purpose were made, and are discussed in Chapter 7. 

 
 
4.4  DISCUSSION AND JUSTIFICATION OF THE 
FRAMEWORK 
 
 
Learning is a complex activity. Authors generally agree that no one strategy or system 

would make learning both easier and more efficient for people. Indeed, educators have 

argued strongly and with conviction against the notion that one learning system could 

be devised that would suit a majority of people. 

 

Well constructed virtual reality learning technologies offer their users (learners) a 

promising environment in which the human senses of sight, sound and touch within a 

synthetic environment is achievable through wearable interfaces that on a surface-to-

surface basis service their sensory, cognitive and psychological needs. VR learning 

systems are a best technological attempt at meeting a learner’s many learning needs, but 

they are by no means a learner’s panacea. 

 

The literature discusses adult learners, as in their life activities, desiring amongst many 

things, choice and autonomy (Knowles 1990, Kidd 1973). Each person learns differently 

because each is different even from one moment to the next. But nonetheless, behavior 

patterns and learner types emerge that are recognisable to educators, making learners 

readily classifiable for educators to apply learning strategies to individual (and groups 

of) learners. 
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Furness was a pioneer in virtual reality technologies and their use in training adults. He 

identified two ‘categories’ of people: spatially-oriented and verbally-oriented. (Furness 

cited in Miller 1992, 24)  His observation, though simplistic and VR-specific, is a 

significant step for advancing VR technology usage in learning. It recognises that people 

are different, and that one VR learning system will not fit all types of people. In a similar 

vein, and over many years and complex, deep studies, Kolb identified four major learner 

types. Unlike Furness’ sensory-based parameters, Kolb’s research classified people 

according to their preference for active experimentation, reflective observation, concrete 

experience, or abstract conceptualisation. In this study, based on Kolb, four VRSDL 

learner types were identified and the impact that a VRSDL learning system had on their 

learning was investigated. 

 

Self direction equals autonomy 

 

It is fundamental to this study that adults’ learning using a virtual reality technology 

learning system should occur autonomously. That is, the adult learner is empowered to 

learn what, how, when and where he wants through this medium, it serving as both a 

tool of learning and a facilitator of learning.  

 

The researcher contends that adults who are inclined to self-direction will learn more 

effectively using a virtual reality technology learning system (which provides a multi-

sensory, immersive environment) than they would through traditional learning 

strategies and media (that is, print-based), or their modern day equivalent: the internet. 

 

The researcher chose a self-directed learning strategy as the preferred mode of learning 

in this study because it is characteristically learner-centric and affords the learner greater 

control over their learning environment than other learning strategies do. With an adult 

having full control over a learning event, a teacher or trainer’s role would be to provide 

the adult learner with help if and as required. 
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A re-defined role for teachers and trainers 

 

In the researcher’s framework, a teacher or trainer would assist a learner before, during 

and after a learning episode, but exert no control over a learner or the direction that their 

learning takes. A teacher or trainer, for example, may monitor and track the path taken 

by the learner to aid in guiding the learner’s learning during a learning event if that is 

what the learner requires; and may provide the learner with feedback (but not 

assessment) on the learners’ learning ‘route’ at the conclusion of a learning session to 

assist their learning efficiency. 

 

This position is preferred by the researcher for two reasons: that human teachers and 

trainers consciously and unconsciously introduce their personal biases; and the volume 

and currency of an educator’s knowledge of a given subject will have limitations. 

Quality electronic information delivery systems by comparison to human learning 

facilitators, though not without shortfalls of other kinds (for example, interpretation, 

interaction), are deemed less inclined to conveying information biases, and being 

deficient or dated in their information holdings. 

 

Why virtual reality technology 

 

Through a computer-generated virtual reality ‘environment’ a learner engages in 

sensorily real experiences - not imagined ones. The interactive and immersive 

characteristics that facilitate learning through experience, appeal to learners’ physical 

and cognitive learning needs, and through that encourage learning. 

 

Anticipated advantages of a VRSDL learning system 

 

The researcher anticipates a major advantage that a VRSDL system would have over 

human facilitated learning is where a learner changes their learning need one or several 

times during their learning journey. A virtual reality learning system would adapt to 

that change quickly by, for example, displaying an alternative (visual and/or auditory) 

cue, and thereby optimise the learner’s learning. 
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How well the VR system responds to a learner’s needs will inevitably be dependent on 

accurately matching an adult’s learning style to virtual reality system interfaces that 

make best use of the adults’ most developed, or most preferred physical senses (that is, 

auditory, visual, or kinesthetic) to optimise their learning. This has implications for both 

systems designers and users alike. Such dilemmas necessitated trade-offs in the research 

design to test the framework presented in section 4.2. 

 

In the following chapter, the research instruments, sample and design used to collect 

data to investigate the problem for research and used to apply the VRSDL framework to 

develop the VRSDL model, are outlined. 
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Chapter 5 
 
 

Research Method 
 
 

 
We have long known that behavior modeling is an effective 
way to teach interpersonal skills.  The problem was timing.  But 
now technology lends a hand. 

 
(Byham & Pescuric, 1996) 

 

 
 
 

This chapter describes the research method, design, instruments, sample population, and 

learning systems developed and used to test the assumptions of the VRSDL framework 

presented in Chapter 4. 

 
 
5.1  STATEMENT OF THE PROBLEM 
 
 
All adults are not the same and do not learn best in the same way. A substantial body of 

the literature points to adults having different learning preferences or ‘styles’, and 

learning differently to children. 

 

From the literature discussed in Chapter 2, this study identified that despite the progress 

made in the development of computer technologies for learning purposes in the last 20 

years, a majority of adult learners look to traditional strategies to address their learning 

needs. For many and complex reasons, other strategies are less used by adult learners, 

thereby suggesting their inclination to use non-standard learning strategies is poor. 
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From the literature, this study identified VR learning systems as having potential for 

assisting adults general learning, in a naturalistic way. But adults’ accepting this 

technology as a learning medium, in preference to other media, is problematic. 

 

As at the time that this study’s experiment was conducted, with research found on child 

exploratory learning systems, and systems that trained adults, no research was found in 

which a VR technology (learning system) was used by adults to learn in accordance with 

an ‘adult’ learning framework.  

 

Adults learn differently to children, and their needing control over their learning 

activities strongly implies that self-directed learning is at times preferred over a 

structured, traditional learning design commonly found in an education paradigm. 

 

Many dimensions of VR technology require study. As a starting point for further 

research to follow, and limited by available resources, the researcher chose in this study 

to focus on the development of a VRSDL model, and one dimension of the larger 

problem for research: adult male learners aged 22 to 39. 

 

Research Questions 

 

The problem for research has raised a number of questions for research, indeed many 

more than the resources available to this study permitted investigation. 

 

This study’s main question for research was: 

 

That immersive head-mounted display virtual reality technology learning 

systems facilitate better learning for self-directed adult male learners than 

traditional learning systems. 
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Other questions for research were: 

 

1. What environmental conditions do adult learners need for a virtual reality 
learning event to be suitable to them? 

 
2. What control does an adult learner desire over a virtual environment 

learning event? 
 

3. What aspects of a virtual reality learning system enhance the transfer of 
information, knowledge and skills to an adult learner? 

 
4. What technological limitations hinder the transferring of information, 

knowledge and skills to adult learners using virtual environment based 
learning systems? 

 
5. What human factors are significant to virtual environment based adult 

learning strategies? 
 

6. What affects does immersion have upon adult learners’ learning 
performance? 

 

 

Research Objectives 

 

Adults’ metacognitive learning with a VRSDL system is the primary concern of this 

study, and its primary purpose is the VRSDL model presented in Chapter 7. 

 

For effective learning to take place, adults require a number of conditions to be present - 

as described in Knowles’ adult learning theory. To realise this study’s purpose, the 

research objectives for this study were to identify the following: 

 

1. The conditions adult learners need from a virtual reality learning system to 
support their adult learning needs. 

 
2. The types of control adult learners require over a virtual environment 

learning system. 
 
3. The effects a VR learning system has on adults’ metacognitive learning. 
 
4. The virtual world design features that enhance the transfer of information 

from a VR learning system to adult learners. 
 

5. The effect immersion has on adult learners’ learning performance. 
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5.2  RESEARCH DESIGN 
 
 
The goal of this study was to formulate a model of learning with virtual reality 

technology (the VRSDL model) that is capable of complementing existing education 

models and systems of adult self-directed learning. 

 

Because simply reporting changes to an adult learner’s knowledge through VR 

technology would itself be meaningless and scientifically invalid without a basis of 

comparison, an experimental design was used. Within the experimental design the 

performance of adult learners using a VRSDL system (model) to adult learners using two 

other major learning systems was compared, thereby making this study .almost a 

comparative study.  

 

To achieve the goal and the key aim underpinning it, the researcher, through an 

experimental design, designed, built and tested a purpose-built VRSDL system and 

compared the performances and experiences of the adult learners using that system to 

adults using two other learning systems (book and internet) - also purpose-built for this 

study. Information on the topic Alexandria in Egypt 50 BC-50 AD was presented to the 

learners using each of these media. 

 

The key components of the research design were: 

 

• Population sampling 

• Instrumentation 

• Learning systems 

• Data collection procedures 

 

The researcher conducted a pilot study to validate the experimental design, data 

collection instruments and learning systems that would be used in the study’s 

experiment. Both men and women were tested. They were a convenience sample, 

comprising volunteer colleagues and associates of the researcher, who were readily 

available to assist with this activity. No pilot study participants were ESL. Participants’ 
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age range was greater than that of the males that participated in the experiment that 

followed. Quantifiable data available from the pilot studywas tallied but not analysed 

statistically as valid findings would not be forthcoming from the small sample (n=12). 

Both the quantitative and qualitative data collected was examined for indicative trends 

confirming or refuting findings in literature. The pilot study – with the exception of the 

factors ESL and the age range – was a downsized replica of the research experiment that 

followed it.  

 

Nine instruments were used in this study to capture quantitative and qualitative data: 

 

1. Personal history/data survey (demographic data) (Appendix B-6&7) 

2. Learning Style Inventory (LSI) (Appendix B-8) 

3. Self-Directed Learning Readiness Scale (SDLRSA) (Appendix B-9) 

4. Visual, Auditory and Kinesthetic acuity test (VARK test) (Appendix B-10) 

5. Pre-experiment topic knowledge questionnaire (Appendix B-11) 

6. Post-experiment knowledge self-assessment test  (Appendix B-12) 

7. Post-experiment interview schedule (Appendix B-13) 

8. Participant experiment behaviours log (diary) (Appendix B-14). 

9. Adult Learning Experimental Design Questionnaire (Appendix B-15). 

 

Copies of Instruments 1, 5, 6, 7,8 and 9 are in the appendices. For reasons of copyright 

restrictions invoked by their owners, copies of Instruments 2, 3 and 4 are not available in 

the appendices but details advising where each of they may be found are cited in 

Appendices B-8 to B-10 respectively. 

 

Over five months spanning September 2001 to February 2002, 96 men aged 22-39 years 

participated in the study’s experiment. Experiment participants were solicited via 

posters (Appendix B-1) inviting participation displayed at universities, shopping centres 

and popular trades and sporting clubs around the Australian Capital Territory. 

Participants for the pilot study were found from among the researcher’s colleagues. 

 

An equal number of participants from each of Kolb’s four learning style types (Diverger, 

Assimilator, Converger, Accommodator) were accepted to participate in the experiment 
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and then assigned randomly to one of the experiment’s three learning systems 

(Figure 5.1). 

 
Figure 5.1: Research Design - Experiment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Ss = 96 
 Each cell: n=8 
 
 
Two types of data were collected to enrich the data analysis and the VRSDL model being 

developed. Quantitative and qualitative data were collected on participants from the 

moment of their first contact with the researcher up to and including their departure 

from the laboratory experiment/pilot study site. The quantitative data collected 

included empirical evidence of factors such as demographic details and learning gain. 

The qualitative data gathering featured information on factors relating to participants’ 

perceptions of the learning environment, satisfaction with the testing process and 

procedures and comments on the experiment generally. Additional observational data 

on participants’ behaviours during the experiment were also collected – refer Appendix 

B-14. 
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As required by the University of Canberra’s Research Ethics Committee, the researcher 

conducted this study strictly in accordance with the research design and processes as 

advised by, and endorsed by, that committee. 

 

Overview of Experimental Design 

 

The ‘assumptions’ of andragogy (refer Knowles 1990), are an essential part of this 

study’s research design. They were applied literally in the design and the conduct of this 

study’s pilot study and also the experiment. 

 

The key elements of the experiment were: 

• the learners 

• the learning systems 

• the learning environment (framework) 

• the experimental procedures and processes 

 

Learners were stratified by learning style (Instrument 2) and randomly allocated to two 

Control Groups, and one Experimental Group. Each learning system had 32 learners, 

with eight in each of the four Kolb learning style types: Diverger, Assimilator, 

Converger, Accommodator. (refer Figure 5.1: Experiment - Research Design). The three 

groups of participants each toured their learning medium for a maximum of 30 minutes. 

They then completed a post-learning experiment questionnaire and an interview to 

measure and report their experience. 

 

The learners’ real-world learning environment in the experiment (ie the experimental 

setting and the learning process) was designed in accordance with andragogical theory. 

Participants’ individual self-directed learning and comfort needs were considered and 

catered for from the moment of their arrival at the test site through to their leaving the 

site. 

 

Throughout their 30-minute tour, participants in all three experimental groups exercised 

total control over their learning environment and freely explored the topic to be learned 

as they wished. 
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Intermixed with participants’ in-experiment activities were several administrative steps. 

These process steps were of critical importance for properly introducing participants to 

the study, their respective learning systems and learning environments, and for 

collecting data – refer Figure 5.2. 

 

Figure 5.2: Pre- and post-experiment administration steps: Pilot study and Experiment 
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This process was applied to all treatment groups. 

 

Pilot study Design 

 

The primary purpose of the pilot study was to validate Instruments 1, 5 and 6 and to 

trial Instruments 2, 3 and 4, the three learning systems (VR and non-VR) and the study’s 

experimental procedures, in preparation for the experiment. 

 

The pilot study included a ‘pretest-posttest control group’ design to derive data on the 

performances of participants in the two control groups (book and internet) and the 

experimental group (VR).  

 

Twelve male and female adults were asked to participate in the pilot. They were chosen 

from a convenience sample. Their ages ranged from 20 to 70 years. To gain admission to 

the pilot study, candidates were required to successfully complete an oral quiz assessing 

the key research factors: motivation, age, capacity for learning through self-direction, 



Chapter 5: Research Method 
 
 

 

 5-9 

and medical history – refer Appendix B-2. Successful candidates were then sent a letter 

outlining the study (Appendix B-3) and inviting their participation. 

 

On arrival at the testing site, participants completed an Informed Consent Form 

(Appendix B-5) and Instruments 1, 2, 3, 4 and 5. In anticipation of assigning a participant 

randomly to a learning system, Instrument 2 was the most important of these as it 

identified a participant’s learning style type. The form Experiment/Participant 

Orientation Schedule (Appendix B-4) was used by the researcher to ensure a 

standardised testing procedure. 

 

Participants’ pre- and post-experiment knowledge of the topic (Appendices B-11 and 

B-12) was measured as a raw score, by ‘themes’ learned, and examined for ‘reasons’ for 

learning.  

 

Three major areas of participants’ performances measured were: participants’ 

knowledge change, satisfaction with the learning medium assigned to (ie book, Internet, 

VR), and satisfaction with the learning process (ie andragogical design).  

 

Pre-experiment measures included: demographic data (motivation, media usage, topic 

knowledge sources, wellness, education history and languages 

spoken/read/understood), learning style identification, self-directedness measurement, 

and topic knowledge. Post-experiment measures included: topic knowledge, learning 

system usage (perceptions and experiences), and learning experience satisfaction. 

 

The participants were organised into three treatment groups - corresponding to the three 

learning systems. One person from each of Kolb’s learning style types was randomly 

allocated to each learning system for an unlimited period. For the purposes of the study, 

the topic chosen for participants to learn was titled ‘Alexandria in Egypt, 48BC’. On 

completion of their learning journey, participants were asked to complete Instrument 6 

and interviewed briefly on the experience (Instrument 7). The researcher recorded 

experiment process, environmental and administrative matters on Instrument 8 during 

and at the conclusion of the pilot study. Performance data was analysed after all pilot 

study participants had completed the pilot. 
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The pilot study yielded indicative research findings but these were unable to be treated 

statistically due to the smallness of the sample. Of significance for the experiment to 

follow, none of the pilot sample were ESL and as such this dimension was unable to be 

tested. The analysed data did provide information with which to improve the design of 

the experiment. Minor editorial adjustments needing to be made to the researcher-

developed Instruments, cabling leading to the learning system’ HMD and the 

experimental procedures (revision of the pre-briefing given to candidates, and time 

required by VR system users for orientation to the system) were undertaken before the 

experimental process was begun. An additional instrument (number 9, Adult Learning 

Experimental Design, Appendix B-15) was developed as a result of the findings from the 

pilot study and used in the experiment. The University of Canberra’s Ethics Committee 

was advised of changes required and its permission to make those changes gained 

before applying the changes to the experimental group.  

 

To prevent contamination of experiment results, pilot study participants were not 

permitted to participate in the experiment. 

 

Experiment Design 

 

For candidates to be admitted to the experiment, they were first required to successfully 

complete a preliminary oral quiz assessing the key research factors: motivation, age, 

capacity for learning through self-direction, medical history – see Appendix B-2. 

 

The experiment investigated the problem for research.  The experiment’s key 

characteristics were: 

 

• a sample (Ss) of 96 adults, with reduced variance, stratified by learning style 

into three treatment groups of 32. 

• three treatments: two control groups (G1 and G2) and one experimental group 

(G3). 

• groups of participants used a learning system to acquire knowledge 

(metacognitive learning). 
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• the textual content of the topic to be learned (Titled: Alexandria 50 BC–50 AD) 

was as identical in each learning system/medium as each medium’s intrinsic 

characteristics permitted that – refer section 5.3 Learning Systems 

• the topic was delivered to participants via three learning media (Table 5-1):  

 
Table 5-1: Learning media formats 
 

  
Media 

 

 
Format 

 
M1 Book-based format self-

paced learning package 
 

self-directed learning package format 
with text and visual materials. 
 
 

M2 Computer-based learning-
format self-paced learning 
package 
 

self-directed computer-based learning 
package with text and visual 
information. 

M3 Immersive Virtual Reality-
based learning package 
 

self-directed ‘virtual world’ learning 
system (VRSDL model) – text, visual, 
audio and interactive format. 
 

 

• participants were permitted full control over their physical learning 

environments, including choosing the physical route they wanted to take 

through the VR world, book or internet and choice of objects they wanted to 

interact with in their exploration of Alexandria 50 BC-50 AD. 

 

Research Variables 

 

Humans are complex beings and difficult to classify. For the purposes of this study, 

adult learners’ complexity was narrowed to include only a small number of 

characteristics that are relevant to the aims of this study, and which could be measured - 

see Figure 5.3: Research Variables and Covariates.  

 

The research variables in this study are a complex arrangement of adult learner, virtual 

reality technology, and learning process characteristics interacting with one another. 

Specifically, the problem for research contains two independent variables and five 

constants: 
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Independent Variables 

• Learning style (Independent variable: learning styles of participants in the 

control groups and the experimental group)  

• Learning systems (Experimental variable: a VR system, and two traditional 

systems as controls) 

 

Dependent Variable 

• Learning achievement score (participants’ post-test performance scores) 

 

Constants 

• The set topic adults learned: Alexandria 50 BC-50 AD 

• Self-Directed Learning technique 

• Andragogy framework 

• Gender 

• Age range. 

 

Uncontrolled Variable 

• Learners’ personality 

 

These variables, and a number of underpinning covariates that were measured and 

analysed in this study, are illustrated in Figure 5.3. 
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Figure 5.3: Research variables and covariates 
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The variables’ respective levels are listed in Table 5-4. 
 
 

Confounding 

 

The task of deriving conclusive findings on human subjects’ performance through 

experimentation is difficult. It is made especially so through confounding variables 

which may enter the experiment in a number of ways and in a number of forms.  

 

From the outset of this study the researcher realised that both human participants and 

the learning systems were apt to allow confounding variables to enter an experiment, 

and that regardless of any precautions and countering measures taken, confounding 

variables could emerge in any research design decided upon.  

 

Co%000 
oooc9 
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To reduce confounding variables from the experimental design, the researcher accepted 

to the experiment only participants who met the pre-experiment screening requirements 

in: personal characteristics (such as physical and mental history - Instrument 1), and self-

directed learning capacity (Instrument 3).  As there is sufficient research indicating that 

there are differences in how males and females learn, to further reduce confounding, this 

study’s experiment was limited to one gender only. Males were chosen in lieu of females 

for no particular reason: the outcome of a toss of a coin.  

 

In relation to confounding induced by learning systems, the researcher anticipated that 

this would be minimal, and possibly non-existent, due to the predictable, structured, and 

mechanical nature of these systems. Having said this, the likelihood of confounding 

arising from the learning systems was not ignored. Instead, it was monitored and 

examined by the researcher during and after the pilot study and experiment. 

 

A final matter of importance to the experimental design, to determine correlations 

between the learning system and individuals’ learning style, and sensitivity to three 

sensory stimuli, was participants’ learning style preference, and 

visual/auditory/reading/kinaesthetic acuity - measured through Instruments 2 and 3 

respectively. 

 

Measurement 

 

The study’s research objectives were measured through the following Instruments (Table 

5-2): 
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Table 5-2: Measurement of research objectives 

 
 

Research Objectives 
 

 

Measurement Strategy 

the conditions adult learners need from a virtual 
reality learning system to support their adult 
learning needs. 
 

Instrument 7 and 8 

the virtual world design features that enhance 
the transfer of information from a VR learning 
system to adult learners. 
 

Instrument 7 

the types of control adult learners require over a 
virtual environment learning system. 
 

Instrument 7 

the effects a VR learning system has on adults’ 
metacognitive learning. 
 

Instruments 5, 6 and 7 

the effect immersion has on adult learners’ 
learning performance. 
 

Instrument 7 and 8 

 

Data yielded from Instruments 1, 2, 3 and 4 was also considered in the measurement 

strategy and are discussed in Chapter 7. 

 
 
5.3 LEARNING SYSTEMS 
 
 
Book and internet learning systems were chosen by the researcher for comparison to the 

VRSDL system under investigation because they represent learning systems that people 

generally are familiar with and use. The three learning systems built for and used in this 

study were book, internet (website) and virtual reality learning systems. 

 

The three learning systems used in the experiment comprised four major elements: 

• a learning technology (that is, a VR system, a book, a website); 

• an adult learner; 

• a theoretical learning framework (that is, Andragogy and self-directed 

learning technique); and  

• a learning module (that is, the topic Alexandria). 
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The VR system comprised: haptic devices (head-mounted display and mouse), WorldUp 

VR design software, a Silicon Graphics operating system and sensor software linking the 

haptic devices to the operating system. An impression of the tour that VR learners 

undertook is at Appendix C-1. 

 

The book learning system prepared for this study was in booklet form. It was a 

compilation of information from a selection of reputable texts. All illustrations inserted 

into the booklet were key scenes that learners using the VR system experienced during 

their virtual tour of Alexandria. A copy of the booklet is at Appendix C-2. 

 

The text and illustrations displayed on the internet learning system originated in, and 

were transferred directly from the book learning system. Features additional to the book 

included: typical internet screen controls such as forward and backward screen 

navigating buttons, hyperlinked text and the standard array of window-based page up 

and down controls. This personal computer (PC) sized system was operated with a 

computer mouse, keyboard or both. A copy of the internet screens is at Appendix C-3. 

 

The components and key features of each learning system was as follows (Figure 5.4): 
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Figure 5.4: Learning systems: VR, book, internet 
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In an endeavour to facilitate controlled experimentation, the three learning systems used 

in this study were purpose-built to be typical of their type as possible. The application of 

adult learning theory assumptions to the experimental learning process, the curriculum 

(Alexandria 50 BC-50 AD), and participants’ control over the learning environment and 

freedom to explore the topic as they wish, were identical in all three systems.  

 

The information that was available to learners from each of these three learning systems 

was identical in its textual content, but differed in its presentation inasmuch as each 

system’s technology type was different to each other.  

 

Differences between the three systems’ presentation of information (text and pictorial 

information) were anticipated and a deliberate choice decision in the research design. 

Each of the three systems was expected to present differently. It was with the impact that 

this difference made to an adult learner’s performance that was central to this study’s 

investigation to develop a VRSDL model. 

 

Experiment Curriculum 

 

The topic selected to aid the investigation of the problem for research, used in both the 

pilot study and the experiment, was titled ‘Alexandria 50 BC-50 AD’.  It was chosen by 

the researcher after careful consideration, and analysis of similar studies because it was 

of a neutral, non-employment type and one that was considered by the researcher as 

capable of being presented by each of the three learning systems used in this study with 

equal efficiency, within the characteristics of each. The format of the topic was factual 

narrative. A summary of its content is at Appendix A-1. 

 

The topic Alexandria was selected for its presumed non-controversial nature and appeal 

to audiences of people seeking personal, cultural or social knowledge. Another reason 

for choosing this topic was the small likelihood of its being needed by participants for 

employment or qualification-related purposes, thereby distancing it from training- and 

education-related learning paradigms. Given this study was seeking to measure 

metacognitive learning within an adult learning framework, and needed to do so using 

three different media to make a comparison of results, the researcher assessed 
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Alexandria 50 BC-50 AD as a topic flexible enough to support both these criteria. A 

number of other topics and genres, for example, skills based topics, were considered and 

were assessed by the researcher as not satisfying both these criteria as well as did 

Alexandria. 

 

The literature describing VR experiments with goals similar to that of this study was not 

helpful in providing guidance in the choice of a topic. Almost all other studies found 

used topics relating to work, child learning or higher education. Furthermore, many of 

these were skill-orientated, or applicable to a narrow learning audience, and not 

concerned with both cognitive learning and self-directed learning. 

 

The Alexandria 50 BC-50 AD ‘learning experience’ features in excess of 80 individual 

facts for participants to learn. From combining several of the facts available to them, 

affective learning is also possible. How well learners learn affectively is an individual 

matter and one that was measured through Instrument 6. 

 

The information within the topic curriculum was not organised to be sequence-

dependent (linear). Similarly, the order in which participants discovered topic 

information in their respective learning systems was neither important to this study nor 

measured. Appendix A-2 illustrates the information branching strategy applied to the 

topic. 

 

The learning systems were each designed according to the principles of unstructured 

learning, thereby supporting the learning through self-direction aim of this study. 

However, having said that, as many people do expect information to follow some form 

of identifiable structure or pattern, the topic information was organised into a loose 

hierarchical structure, both textually and pictorially, beginning with the course title, and 

followed by four module titles, and a further two sub-levels of titles and information. It 

was the researcher’s intention that this arrangement would allow the users of all three 

learning systems to explore their respective learning environments and obtain 

comparable information, with relatively equal efficiency without intentionally directing 

them through a set route of information. This will be discussed further in the data 

analysis. 
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Candidates for both the pilot study and the experiment were asked their subject area 

learning preferences in the preamble to Instrument 1.  This action assisted the researcher 

to identify whether the topic Alexandria 50 BC-50 AD was within a candidate’s area of 

interest (that is, intrinsically motivated to learn it), or not.  Where it was not, a candidate 

would not have been admitted to the study. 

 
 
5.4  POPULATION SAMPLING 
 
 
Candidates attracted to the study were briefed on the experiment purpose and learning-

testing process steps but not the research design as such. Though viewed as partners in 

the research, not experimental objects, there was a fine line of difference when 

processing participants during the experiment. There was a need to work in partnership 

with learners in their learning to satisfy the design principles of andragogical learning, 

but at the same time it was necessary to keep an appropriate distance from participants 

and not engage with them in matters of research design. 

 

In his research into learning style types, Kolb classified all learners as one of four types: 

Diverger, Assimilator, Converger, Accommodator. Equal numbers of people identified 

as one of the Kolb’s four learning style types were recruited and allocated to one of the 

three learning systems in the experiment, to study factors relating to their learning 

experiences. 

 
Factors essential of participants included: 

 

• Age (22-39 only) 

• Gender (male only) 

• Availability for the duration of the experiment 

• Interest in learning about the topic selected for the experiment. 

 

Factors desired of participants included: 

 

• Wellness 

• Readiness to learn. 
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Samples’ (Ss) Characteristics 

 

The mandatory characteristics candidates had to demonstrate for admission to the pilot 

study and the experiment were: 

 

i. High motivation to learn (ie demonstrated self-directed learning habits - 

deduced through survey interview and SDLRS instrument (Instruments 

1 and 4). 

 

ii. Aged 22 years to 39 years (Instrument 1) -  to comply with the need for 

an exclusive sample – refer adult learning Chapter 2. 

 

iii. No self or family history of mental disorder (for example, schizophrenia - 

Instrument 1) – to ensure cognitive normality of the sample as well as for 

reasons of personal safety should a participant be allocated to the VR 

system and that cause them harm. 

 

iv. No visual, auditory or physical impairment or inclination to nausea, 

migraine headaches, motion sickness (that is, ‘normal’ health was 

required - Instrument 1); this was also a factor relating to safety in 

research (ethics). 

 

v. Speak and read English to a functional standard (Instrument 1). 

 

vi. An appropriate number of candidates of each learning style 

 

The purpose of accepting only participants with these characteristics was to control 

experimental variance. These characteristics (variances) and their respective numbers of 

levels are listed in Figure 5.5. 
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Figure 5.5: Participants’ Variances 
 
 

• learning style [4 levels]
• familiarity with topic [3 levels]
• experience with learning media [3 levels]
• self-direction [5 levels]
• sensory preference (visual, auditory, reading, kinaesthetic) [3 levels]

Variance = 4 x 3 x 3 x 5 x 2 x 3 =1440

Subjects’ Variance (parametric levels)

Ss = 96 (3 groups of 32)

 
 
 
Participants’ mandatory characteristics for entry to the study (language, medical history, 

age, motivation, topic knowledge) were identified on their first contact with the 

experimenter through either the Personal History/Data Profile Survey form 

(Instrument 1), through discussion on the telephone, or face-to-face. Candidates who 

satisfactorily met these requirements were asked to attend the pilot/experiment and to 

complete Instruments 1, 2, 3, and 4).  On satisfactory completion of these Instruments, 

candidates were accepted as participants in either the pilot study or the experiment but 

not both. 

 

Locating and attracting participants 

 

The procedure for identifying and selecting the experimental sample (S2) was: 

 

• Advertise the research study, calling for participants via the Canberra Times 

and through popular community venues. 

• Identify a convenience sample from volunteers that respond to 

advertisements. (Appendix B-1) 

• Test candidates for suitability (oral test). (Appendix B-2) 

• Schedule pilot/experiment testing of candidates. 

• At testing site, ask candidates to complete Instruments 1, 2, 3 and 4. 

• Evaluate and accept or reject candidate. 



Chapter 5: Research Method 
 
 

 

 5-23 

• Refine the convenience sample into a stratified sample. 

• Allocate candidates from the stratified sample randomly to one of the three 

treatment groups. 

 

Attracting the numbers of participants of the types required for the experiment was slow 

at first but gained momentum after several weeks and allowed participants to be 

processed through the testing at a steady rate. All of the participants were exceptionally 

receptive to the idea of the study and the experience. A majority were curious about the 

study, many others wanted to help the researcher or were interested in the notion of 

research. To offset travel costs and for giving their time to the experiment, the researcher 

offered candidates an honorarium of $40.00 if accepted to the study. Several participants 

declined it saying the experience and opportunity to participate in the study and to use 

the learning systems was sufficient reward and incentive. 

 

Less than 10 persons were deemed unsuitable to participate, being either the wrong age, 

gender or, at the closing stages of the experiment, of a Kolb learning style type that was 

no longer required due to the number of places of a given type being filled. Candidates 

identified as not being suitable or needed were advised of that immediately and with 

sensitivity and a full explanation, to their satisfaction, given. 

 

Through having tested the instruments and the testing procedure in a pilot study, every 

aspect of the experiment, though tedious and time-consuming at times, ran very 

smoothly. 

 

 

5.5  INSTRUMENTATION 
 
 
The pilot study trialled the research Instruments and validated both the research 

procedure and instruments intended for the laboratory experiment that would follow. In 

both the pilot study and the laboratory experiment, a pre-test post-test design was used. 

The source of instruments listed in section 5.2 is reported in Table 5-3. 
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Table 5-3: Instruments and source 
 

Instrument 
No. 

Title Author/s 

1 Personal history/data survey (demographic 
data) 

Researcher 

2 Learning Style Inventory (LSI-A) 
 

Kolb 1978, 1984, 1985 

3 Self-Directed Learning Readiness Scale 
(SDLRS-A) 

Guglielmino 1977 

4 Visual, Auditory, Reading and Kinesthetic 
acuity (VALK/VARK) test 

Fleming 1992, 1995 

5 Pre-experiment topic knowledge self-
assessment test 

Researcher 

6 Post-experiment knowledge self-assessment 
test 

Researcher 

7 Post-experiment interview schedule 
 

Researcher 

8 Experiment: Observation and Interview Log 
 

Researcher 

9 Post-Experiment: Adult Learning 
Experimental design questionnaire 

Researcher 

 
 
The purpose of Instrument 1 was to screen candidates to identify people who were 

adult, healthy and intrinsically motivated to learn about Alexandria 50 BC-50 AD. 

Instrument 2 tested participants’ learning styles. Instrument 3 identified participants’ 

capacity to learn through self-direction. Instrument 4 tested participants’ sensory 

sensitivities. Instrument 6 measured participants’ knowledge change (learning) of 

Alexandria using one of the three learning systems. Instrument 7 was used to record, 

through interview, participants' views of the experiment experience and their 

performance (qualitative data). Instrument 8 was used to record participants’ behaviours 

and log environmental matters that occurred during the course of the experiment. 

Instrument 9 was used to record participants’ perceptions of the experiment design 

meeting their adult learning needs. 

 

Collectively, these instruments were used both to select a sample with reduced variance, 

and to classify individual adult learners according to their natural learning 

characteristics. The pre-experiment instrument in Appendix B-2 was used in conjunction 

with the instruments listed in Table 5-4 to measured variances. 
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Table 5-4: Instruments and variances measured 
 

 
Instrument 1: 
 Personal 

history/data 
profile Survey 

 

Four parts: 
• familiarity with Alexandria 50 BC-50 AD [3 levels] 
• familiarity with learning media [3 levels]) 
• language [2 levels - English only and ESL] 
• motivation toward learning [3 levels].  

 
Instrument 2: 
 Kolb’s LSI 

 

 
Learning style [4 levels] 
 

 
Instrument 3: 
 SDLRS A 

 

 
Self-directed learning capacity [5 levels] 
 

 
Instrument 4: 
 VALK/VARK 

 

 
Sensory preference [4 levels] 
 

 
Instrument 5 

 
 

Measured participants’ base knowledge of Alexandria 
[baseline data] 
 

 
Instrument 6 

 
 

Measured participants’ knowledge change (learning) of 
Alexandria using one of the three learning systems.  
[raw score] 

 
Instrument 7 
 

 

Recorded, through interview, participants’ views of the 
experiment experience and their performance (qualitative 
data). 

 
Instrument 8 
 

 

Recorded participants’ behaviours and log environmental 
matters during the course of the experiment. 
 

 
Instrument 9 
 

 

Recorded participants’ perceptions of the experiment 
design meeting their adult learning needs. 
 

 
 

Each participant was verbally briefed on the purpose of each instrument before they 

were administered. A note of that advice being conveyed to each participant was 

recorded by the researcher. 
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Reliability and Validity 

 

This study has attempted to ensure internal and external reliability and validity through 

a range of strategies.  Wiersma (1995) was referred to in this regard. 

 

To achieve internal reliability, the research design has been described in this thesis with 

a level of detail and with instruments provided in appendices, to enable replication of 

this study. Suitable standard commercial instruments were used where these were 

available, and where they were not, instruments that were designed by the researcher 

for use in the experiment were tested by him in the pilot study. 

 

From information provided within the text of this thesis describing the method for 

attracting and recruiting the experiment sample, the researcher is confident that the 

study’s sample could be replicated. 

 

One research testing process and one set of instruments was applied to all 

candidates/participants in the pilot study and the experiment. Differences in individual 

or group test scores could be attributed to the fundamental difference in individuals - 

due to one or a number of variances, but not to the instruments or the process used to 

administer them. The quantitative data collected from these instruments was capable of 

statistical analysis and interpretation. Qualitative data was subject to thematic analysis 

as determined appropriate by the researcher. To help achieve research validity, both 

were entered onto a master spreadsheet and the data analysed appropriately to their 

type. The results and findings from each are reported in Chapter 6.  Figure 5.5 and Table 

5-4 provide information on the variances and instruments. 

 

Quantitative and qualitative data on participants’ experience, was collected, compiled 

and analysed. The quantitative data was analysed using experimental methods and a 

particular protocol was used to analyse the qualitative data. ANCOVA, covary and 

statistical analyses were performed on the quantitative variables. Observation, 

interviewing, triangulation and literature research (refer Wiersma 1995 pp264-265) were 

used to collect qualitative data which was then codified for subsequent interpretative 

analysis. The results have been reported in Chapter 6 and discussed in Chapter 7. 
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In the design of this study, every attempt was made to ensure external validity, but this 

may still have been compromised through having used a convenience sample. This was 

a small study, investigating human learning and as such having could not avoid having 

to deal with a number of variables in a complex relationship. The generalisation of 

findings from an analysis of results relating to the key variables wellness (health), 

motivation, sensory preference, motivation, education history and language, learning, 

media preferences and their intersections, to the general population of males whilst 

possible is problematic but possible. The researcher would not however suggest that the 

findings should be generalised to the population of adults, nor to one including males 

with physical (sensory or limb) or intellectual disability using immersive virtual reality 

learning systems seeking to achieve effective self-directed learning.  

 
 
5.6  DATA COLLECTION PROCEDURES 
 
 
A convenience sample was chosen for this study because there was no feasible 

alternative. This study recognises that learners are discerning. They learn when they 

want to learn, how they want to learn and where they want to learn.  Though in a 

laboratory setting, this study required learners that would engage with the learning task 

to test the learning systems, and be measured using them. Unengaged participants 

would not have provided a realistic measurement of self-directed learning with the 

learning systems. So, in this regard, the experiment was contrived. But in life, engaged 

students would be expected to behave as participants in the study did. To this end, and 

recognising that this study is founded on all learners being one of the four Kolb learning 

style types, it seems probable that the results of this study are generalisable to the 

population of adult males and possibly to the population of female learners. 

 

Within this experiment there were a number variables for which data was collected, 

compared, and analysed. The complexity that arises from comparing a set of data from 

four major demographic variables to each of three others collected through Instruments 

1 to 4, is illustrated in Figure 5.6. 
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Figure 5.6: Correlational Analysis of Participants’ characteristics 

 

Motivation

Sensory
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Learning
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history

 
 

As it was difficult to predict in advance which variables would yield the most significant 

findings, in this study, the researcher investigated all combinations of variables and 

covariates. 

 

Participants’ performances were measured at an administrative level and at an 

experimental level. The administrative level of measurement entailed capturing pre-

experiment data through Instruments 1 to 4. For example, demographic data, learning 

preferences. Measurements of participants’ performances during the experiment (and 

the pilot study) were captured through Instruments 6, 7 and 8. 

 

The process of measuring participants’ performance in the experiment was as follows: 

immediately upon conclusion of the experiment (and the pilot study) each participant 

was asked to complete a knowledge quiz (Instrument 6) and undertake a brief interview 

(Instrument 7), to measure their learning performance, and environmental factors. In 

addition, the researcher logged each participant's performance on Instrument 8 during 

the experiment. It featured a checklist of activities that participants completed, the time 

they spent on key experiment activities, their reactions, notable behaviours and other 

laboratory environmental factors. 
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The variance of participants admitted to the experiment was reduced through two 

participant selection instruments: Instruments 1 and 2. The performances of each 

individual using each learning system was measured using Instruments 1, 6 and 7. 

 

The performances of individuals and treatment groups was compared to each other, to 

identify differences in metacognitive learning. These findings were then examined 

against the principal differences in the three learning systems to determine the extent to 

which each system was responsible for (any) differences in performance.  

 

Data Processing 

 

Quantitative data was organised on a spreadsheet and data was tallied. Qualitative data 

was also organised into a spreadsheet and coded thematically. The themes applied were 

those identified from adult learning literature that embraced the VRSDL model under 

development. 

 

Data Analysis 

 

Participants’ performances were analysed quantitatively and qualitatively at three levels: 

 

• as whole groups (that is, G1, G2 and G3); 

• by comparison across groups (that is, G1xG2, G1xG3, G2xG3); 

• by ‘trends’, arising from correlations (for example, learning styles) 

 

Quantitative data was analysed statistically. Qualitative information was examined 

thematically. 

 

Data identifying participants’ personal profile characteristics - collected through 

Instrument 1 – was examined after the experiment to identify learner ‘patterns’ and 

learner ‘types’, additional to the types identified in Instruments 2 and 4. 

 
 
5.7  ASSUMPTIONS, LIMITATIONS AND DELIMITATIONS 
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Assumptions 

 

This study was premised on several assumptions about adults as self-directing entities, 

and about computer technologies. Firstly, about adult learners, the researcher assumed 

that the principles of adult learning espoused by Tough (1971, 1979), Houle (1961, 1980), 

and Knowles (1975, 1990) apply to all adult learners. The researcher further assumed that 

learners prefer to be self-directing in their learning (that is, to exercise control over the 

learning topic, environment and conditions they want), but also need to feel they can call 

for assistance from a learning facilitator should assistance be needed. And the researcher 

also assumed that adult learners want to learn effectively – that is, to learn in a manner 

that is timely, comfortable to the individual, and in concert with the principles of adult 

learning. 

 

There are tremendous differences within and across learning technologies and learning 

systems. The researcher assumed from the outset that it would not be possible to create a 

perfectly ‘typical’ learning medium for each of the three media used in this study which 

would satisfy all the expectations of all of the learners participating in this study’s 

experiment. Knowing that it was not possible to satisfy all learners’ system preferences, 

the researcher developed each of this study’s three media in accordance with 

characteristics by which each is commonly known in the literature. The characteristics of 

a VR system are: immersion, presence, intuitive navigational devices (HMD and PC 

mouse) and a virtual world of a size large enough for learners to tour for the full period 

of the experiment. Internet systems feature standard text and diagrams, interactive 

hotlinked text and mouse and keyboard navigational devices, on a PC platform. Book 

systems feature text and diagrams arranged into clusters of like information, situated 

between a table of contents in the format of a mind-map, and a list of references from 

which the content is derived. The characteristics of these systems are operationalized 

when learners interact with them. For example, learners turning the pages of the book, in 

a systematic or random manner; internet users clicking the page down or up buttons on 

the PC screen with the PC mouse to browse the contents, or using the keyboard and 

mouse to insert text in the search box to locate information of a particular type (within 

the limits of the curriculum); and VR system learners - simultaneously or separately - 
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moving the navigational device (PC mouse) in the direction they want to travel and 

move their head in the direction they wants to see, and clicking the mouse pointer on an 

information object when they want to receive information that is available from that 

object. (Apostopoulos & Geukes 1999; Keppell 1999; Kobayashi & Takeda 2000; Kozma 

1991; McLoughlin & Oliver 1995; Maule 1998; O’Carroll 1997; Padgett, Blade, Evers & 

White 1996; Santos, Campos & Bibbo 1999); Thwaites 1993) 

 

Limitations and Delimitations 

 

This study was set in a laboratory and carried with that the need to control a select 

number of environmental conditions. The researcher needed to non-invasively control 

the experiment environment to collect reliable data if the aims of this learning study 

were to be achieved, and had to make several trade-offs when designing the experiment. 

These included:  

 

• testing male-only participants - not a mixed gender representation - to reduce 

confounding variables where males’ and females’ learning needs are said to 

differ;  

• nominating the topic that the learners learned - to achieve a standard 

measurement of learning that could be applied across all learners in the 

experiment – which had the effect of eliminating user choice;  

• using a test to measure participants’ learning - to collect data on learners’ 

learning achievement in the experiment - whereas the VRSDL model 

advocates that tests should not be used;  

• paying participants an honorarium for participating in the experiment – as a 

show of good faith to reimburse them for costs they would have incurred to 

attend the experiment– which may be construed as an incentive that induced 

participants’ interest and that learning was not their primary motivation for 

participating; 

• limiting learners’ time spent in modules to a maximum 30 minutes – to 

optimise the capture of data relevant to the aims of this study; 

• randomly assigning learners to a specific medium – no user choice – to curtail 

participants’ inclinations toward using a safe or known learning medium. 
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Broad limitations to this study included: virtual reality technological developments, the 

timeliness of this study and the researcher’s access to a suitable environment with which 

to conduct a virtual reality-based learning experiment, the availability of a suitable 

sample, and research ethics. 

 

A process limitation encountered in this study was the administrative conditions and 

arrangements under which this study was required to be completed. That is, that the 

study had to be undertaken in accordance with University research policies and 

guidelines and within a maximum period set. To meet these requirements compromises 

were made in the experimental design. 

 

Technology limitations 

 

Truly sophisticated VR systems are confined to full-scale research laboratories that are 

well-resourced. With this study having neither, the researcher felt at a disadvantage 

from the outset.  This entire study was funded by the researcher, and the study’s VR 

system’s construction hinged on the researcher’s creative and technical skills. VR 

equipment in Australia is scarce. The VR peripherals and software used in this study 

were purchased from overseas manufacturers and suppliers whilst a VR operating 

system was assembled by a local computer hardware supplier in accordance with the 

researcher’s instructions. 

 

From among the major types of VR technology, the researcher deliberately selected 

HMD VR for this study due to its portability, ability to provide a personalised learning 

environment and for its other characteristics that support his long-range view of self-

directed learning. A second reason was the need to narrow the scope of the 

investigation. The choice of HMD VR was a clear decision from the outset of the study 

and at no time a compromise. 

 

Research Design and Experimental Process 
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It was the researcher’s long-term aim that this study‘s experiment would stimulate 

interest in adult self-directed learning with VR technology as an adult would experience 

it outside a laboratory setting. Problems were encountered in designing the study’s 

experiment. These included having to ‘test’ human participants who were aware that 

they were part of an experiment first, and learning about a topic of some interest to them 

second. 

 

The results from testing are, therefore, not based on an ‘ideal’ research design but as 

close an approximation of one as could be reasonably achieved in an experimental 

setting. A further departure from an ideal research design was the need to formally 

measure (that is, test) participants’ learning performance to validate the effect using VR 

technology had on the participants’ learning. In real life, for adults, formal measurement 

has the effect of inducing learners to learn primarily for the sake of passing a test. Failing 

it is unpalatable. In doing so, personal needs and motivations for learning are 

subordinated to those of the tester’s and in doing so learners’ learning-derived pleasure 

is reduced. 

 

Out of practical necessity, the topic that participants learned in the experiment (that is, 

Alexandria 50 BC-50 AD) was pre-chosen, rather than one of their choosing. For the 

purposes of experimentation learners had to be offered a set learning module with a 

defined range of information that could be conveyed to them in combinations of visual, 

auditory, kinaesthetic and interactive formats. In an ideal, self-directed learning setting a 

learner would have the option to browse for information and not be limited by either 

technology, information availability or teacher-type interventions. But for the purposes 

of practical, experimentation design, a topic was set and only those participants who 

expressed an interest in learning it were admitted to the study.  

 

The breadth or narrowness with which the Alexandria curriculum was conveyed by each 

of the three technologies used was determined to some extent by the characteristics of 

each technology. For example, the average book would have difficulty producing a 

three-dimensional virtual world environment, interactivity may not be technically 

possible to achieve in some aspects of electronic learning media, large amounts of text 

were not easily presented in a VR environment. 
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In the real world, a learner may seek out additional information through enquiry with a 

tutor, peer learner or alternative learning medium if he wishes to do so. In this study, 

unlike the ‘real-world’ of self-directed learning, adult learners were restricted in their 

access to information, knowledge and skills to that which the learning systems they were 

assigned would permit. In this study’s laboratory-setting, one form of self-directed 

learning only was available to learners. 

 

Sample 

 

As an audience, adult learners are a vast and complex population that possess a large 

range of demographic, personality and intellectual differences. Generalising 

experimental results on such an audience is not a simple matter. To replicate in the pilot 

study and experiment the natural differences that occur in the population of adult 

learners, the researcher purposely chose convenience samples for both the study’s pilot 

and experiment. Males were specifically selected for the experiment to reduce 

confounding of variables where research has suggested that women learn differently to 

men. To reduce variance among them in the later data analysis, participants selected for 

the study’s experiment were also screened for age and motivation and other several 

other key criteria. 

 

Summary 

 

The theoretical VRSDL framework (see Chapter 4) derived by the researcher from the 

literature did not fail when implemented in this study’s experiment, although its 

conceptualised form was modified prior to experimentation to exclude the open 

information delivery system intended for the study’s two electronic learning media 

when it was realised that it would have been irrelevant to the book module and could 

have compromised any comparison of the three media. 

 

As this study was carried out in a laboratory-type setting, its findings may not be 

transferable to real-world settings. The researcher recognised and accepted this situation 

as problematic in the design stages of the study. It was for reasons of responsible 
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research practice that this matter was taken into consideration in the design of the 

experiment. Appendix A-3 lists the stages and steps in the trial and experiment. 

 

The trade-offs made in the research design were a necessary part of study design to 

facilitate the collection of data. In some regards, the trade-offs have imitated real life 

learning situations, where compromises need to be met to progress. These are presented 

and discussed in Chapters 6 and 7. 

 
 
5.8  ETHICAL AND MORAL CONSIDERATIONS 
 
 
This study was conducted in accordance with the University of Canberra’s Human 

Research Ethics Committee pertaining to research. In addition to the Committee’s 

mandatory requirements, in designing and developing this study’s VR learning system, 

and when asking participants to use this study’s VR learning system in the pilot study and 

experiment, the researcher took additional steps to ensure participants’ comfort and 

personal safety throughout. All data collected on pilot study and experiment participants 

was encoded to preserve their anonymity. A copy of the letter from the University of 

Canberra Ethics Committee that was handed to each participant is at Appendix A-4. 
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Chapter 6 
 
 

Experiment Results and Findings 
 
 

 
build skills at that teachable moment, that window of time 
when people are most motivated because they can apply 
the learning immediately. 

 
(Byham & Pescuric, 1996) 

 

 
 
 
This chapter reports the demographic details, motivation, learning, experiment 

timings and data relating to the learning and experimental environment collected by 

the researcher on participants from the moment of first contact with them through to 

the conclusion of the experiment. It presents a summary of the findings that were 

considered too voluminous to include in the thesis. Hence a majority of tables 

referred to in this chapter appear in the appendices. 

 

The study’s self-directed learning experiment was carried out between September 

2001 and February 2002 at University of Canberra. Out of over one hundred 

volunteers, 96 men aged 22 to 39 years were accepted to participate. 

 

Participants (coded as E1 to E96) were drawn from the general population of persons 

living in the Australian Capital Territory region at the time of the experiment. 

Participants came from fields of employment ranging from academic, community, 

commerce to student and held a variety of study interests. 
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In the experiment, participants were randomly assigned to use one of three learning 

systems: a Book-based system (G1), an Internet-based system (G2), and a Head-

Mounted Display Virtual Reality system (G3). Equal numbers of participants of each 

Kolb learning style type was randomly assigned to each learning medium. As places 

for each type required for each system filled up towards the end of the randomised 

allocation, acceptance to the study and allocation to a learning medium turned to 

forced choice. 

 

Two goals were researched. Goal 1 investigated and compared the performance and 

experience of users of the three learning systems. Goal 2 investigated and compared 

the performance and experience of the four Kolb types of learners that used the VR 

learning system. 

 

Data deficiencies 

 

Five of the experiment’s 96 data sets were deficient in one data item. These data sets 

are detailed in Figure 6.1. 

 

Figure 6.1: Data deficiencies 
 

Item Response Reason/motive Participant 
no. 

Age blank Participant wanted to remain 
anonymous about his age. 
 

E2 

SDLRS-A 
instrument 

>3 questionnaire items 
not answered (response 
invalid) 

choice. E4, E44, E83 

Post-topic 
knowledge 
questionnaire 

blank Participant indicated he ‘went 
blank’ and could not recall 
the information in order to 
answer the questions. 
 

E91 

 

Where these participants have been excluded from item summaries and analyses 

following, this is indicated. 
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Data Analysis 

 

This chapter reports the characteristics of the sample, examination of covariates and 

the results of ANCOVA. ANCOVA was chosen through the researcher wanting to 

control for confounding variables.  

 

The researcher expected there would be some noise-creating variables. The 

dependent variable is the amount of new knowledge gained. The independent 

variables are: learning media (book, internet and virtual reality) and learning style 

type (Diverger, Assimilator, Converger, and Accommodator), factorially combined. 

 

A series of two-tailed statistical tests used to analyse the quantitative data are 

reported. The primary reference for the statistical tests used was Tabachnick & Fidell 

(2001). A secondary reference used was Siegel (1988). 

 

An interpretative analysis was performed on qualitative data. In the two 

investigations (Research Goals 1 and 2), participants’ qualitative responses were 

collated by learning systems and learning style type samples, respectively. In both 

investigations the researcher drew the qualitative themes from responses provided 

by participants against Knowles’ and Lindeman’s adult learning assumptions 

wherever possible. Where that could not be done, new assumptions were 

formulated.  

 

Inevitably because the questionnaires were developed independently of the structure 

of the research questions, some questionnaire responses were clearly relevant to 

several research questions, and for that reason have been drawn upon repeatedly. 

There is a network relationship across the research questions. 

 

In his analysis of qualitative data, the researcher consulted several texts. The primary 

reference used was Fox (1969). 
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Section 6.1 reports the characteristics and factors of the study sample. Section 6.2 

reports the results of Research Goal 1 investigation: a comparison of the study’s three 

learning systems; and the results of Research Goal 2 investigation: VR learning 

system, by learning style types. Descriptive information and statistical data are 

reported. Section 6.3 discusses and summarises the results. 

 
 
6.1  THE SAMPLE 
 
 
This study sought participants who were representative of the overall male 

population in order to produce, where possible, generalisable findings. As some 

participants would be required to use virtual reality equipment and its usage has 

safety precautions attached, for both research reasons and VR equipment users’ 

safety generally, all participants were asked questions designed to identify firstly 

their state of health and well-being and following that, their suitability to participate. 

 

The experiment sample was organised into 12 cells of 8 participants each. Sub-

samples of learning system users G1 (cells 1-4), G2 (cells 5-8), and G3 (cells 9-12); and 

VR users by learning style types (cells 9 to 12), were examined. 

 

This section reports the characteristics and learning results of the total sample that 

participated in this study. The characteristics of the samples relating to goals 1 and 2 

are reported in sub-sections 6.1.1 and 6.1.2 respectively. 

 
 
6.1.1  Sample and differences in the cells in the factor Learning 
Medium type 
 
 
The study’s participants’ key demographic and learning-related characteristics and 

preferences were as follows: 
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Characteristics 

 

Age 

 

Ninety-six men aged 22 to 39 years (mean = 29 years) were recruited for, and 

participated in, the experiment. Forty-two were aged 22-27 years; thirty-two were 

aged 28-33 years; twenty-one were aged 34-39 years; and one (G1) was an unknown 

age but confirmed that he was within the 22-39 years age range. The distribution of 

participants’ ages is illustrated in Appendix D, Figure D.1. 

 

The age range and mean age of media users was comparable across the three 

learning media and therefore consistent across the study sample. Appendix D, Table 

D-1 refers. 

 

Kolb Learning Style type 

 

Kolb’s Learning Style Inventory was used to measure participants’ learning style 

types. Twenty-four men of each of Kolb’s four learning style types were admitted to 

the study’s experiment. Thirty-two (eight from each of the four Kolb learning style 

types) were randomly assigned to each learning system. 

 

Health and wellness 

 

Ninety participants' health status was reported in the range average to excellent and 

the remaining six scored below that on the day of experimentation. Eleven 

participants were taking medication for a range of basic to serious conditions, and six 

were receiving medical treatment for conditions ranging from hayfever and arthritis 

to minor physical injuries.  

 

The three treatment groups were similar in their health, with the exception of 

internet users (n = 5) who had higher numbers of participants receiving medical 

treatment than the other two media groups. Appendix D, Table D-2 refers. 
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Forty-four participants (12 book learners, 18 internet learners and 13 VR learners) 

had one or more of 13 medical conditions surveyed. The conditions held and their 

frequency are listed in Appendix D, Table D-3. 

 

The researcher’s follow-up investigation of conditions reported by each of the 

participants found that none of the conditions were serious enough to either 

jeopardise a participant’s well-being during the experiment, adversely affect their 

performance, or compromise the integrity of the learning and testing environment. 

All participants were deemed fit and therefore suitable to participate in the study. 

 

Language 

 

All participants spoke/read/wrote English. Eighty spoke/read/wrote English as a 

first language (66 as their only language, 11 as a first language additional to one or 

more other languages, and three as a bi-lingual language). English was a second 

language for sixteen participants. Appendix D, Table D-4 illustrates the relationships 

and numbers of men within each classification. 

 

Marginally more VR learners spoke/read/wrote English as a first language than 

book learners, who were greater in number than internet learners. Internet learners 

featured 23 English first-language participants and nine English as a second 

language (ESL) learners. 

 

Self-directedness 

 

Participants’ self-directedness in their learning was measured through two 

instruments: a self-reporting questionnaire, and the Self-Directed Learning Readiness 

Scale (SDLRS-A).  

 

Sixty-one participants self-reported their self-directedness in learning as ‘high’. The 

SDLRS-A results indicated the sample fell within the range of the instrument’s norms 
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and therefore are typical of the population of adults. The sample’s SDLRS-A score 

range was 178 to 286, mean 232.58, SD 23.56 and skewness  -0.025. 

 

A majority of learners using each system reported themselves as highly self-directed 

learners and almost all of the remainder as having undertaken some form of self-

directed learning in the past. Appendix D, Table D-5 refers. 

 

The three treatment groups were comparable in their mean and median. G1 scored 

highest and G2 lowest on individual scores. Overall, G1 had the largest score range 

(103) and G3 the lowest (86), suggesting that G3 learners as a group were more 

similar within their own group than treatment group G1’s participants. Participants’ 

self-directed learning readiness scores measured using the SDLRS-A instrument are 

listed in Appendix D, Table D-6. 

 

Motivation toward learning 

 

Participants reported their motivation toward learning as either high (n = 54) or 

medium (n = 40). Two said that it was low. The treatments’ motivation to learn was 

comparable. In each of the three treatments, 18 participants self-reported ‘high’ and 

approximately 13 as ‘medium’. Appendix D, Table D-7 refers. 

 

Motivation toward learning about Alexandria 

 

A majority of media users’ motivation to learn about Alexandria was high (n = 10) or 

medium (n = 81). Five reported ‘low’. The three treatments were similar in their 

motivation at the three levels surveyed. Results are listed in Appendix D, Table D-8. 

 

Reasons for Participating in the Study/ experiment 

 

Participants reported a range of reasons for participating in the study. The major 

reasons were: interest (n = 47), learning-related (n = 17), curiosity (n = 16) and ‘other’ 

(n = 16). ‘Other’ comprised eight participants wanting to help the researcher, two for 



Chapter 6: Experiment Results and Findings 
 
 

 
 6-8 
 

employment-related reasons, and six for ‘other’ reasons. Appendix D, Table D-9 

refers. 

 

Responses from each of the three media user groups were comparable. G2 and G3 

participants’ major reason for participating in the study experiment was ‘general 

interest’ (n = 11 and 7 respectively). Participants experiencing the three treatments 

were approximately equal in their curiosity and had a variety of other reasons for 

participating. Appendix D, Table D-9 refers. 

 

Education 

 

It is generally accepted that education background and experience affects learning 

styles and preferences (Knowles 1990; Long 1993). For this reason, this study 

examined the educational background of participants.  

 

Participants’ age on leaving school ranged from 15 years to 25 years (mean = 17.39 

years; median and mode = 18 years). Several returned to school after normal leaving 

age to complete their secondary education, hence the higher than might be expected 

upper age in this range. Ninety-three participants undertook studies after leaving 

school. Thirty-eight had discontinued one or more courses of study since leaving 

school.  

 

Participants’ highest qualifications ranged from ‘Year 10’ to ‘Doctor of Philosophy’. 

Eighty-four participants’ highest qualification was awarded by an Australian tertiary 

institution and ten by an overseas institution. 

 

Thirteen G2 and eight each G1 and G3 participants were studying full-time; six G1 

and four each G2 and G3 part-time; and four G2 both full- and part-time. Forty-eight 

participants were studying formal courses, ranging from a Diploma to a Doctor of 

Philosophy at the time they participated in this study’s experiment. Twenty-nine 

were studying full-time, 14 part-time, four both full- and part-time, and one was 

seeking deferral.  
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Thirty of the forty-six course enrolments discontinued were undergraduate degrees. 

Course completion rates ranged from 1% to 75%. Course participation types ranged 

from 24 full-time, 13 part-time and five both full- and part-time. 

 

Sixty-three participants had undertaken ‘some significant other learning activities’ 

since leaving secondary school, and 33 had not. Activities undertaken included 

formal study (n = 32), short-courses (n = 7), private projects (n = 7), work-based 

training/learning (n = 7), self-development activities (n = 6) reading books (n = 3), 

and training courses (n = 1). Eighteen G2 participants discontinued one or more 

courses of study since leaving school compared to 10 each G1 and G2.  

 

Other significant activities undertaken by treatments since leaving school were:  

formal study (G3: n = 14; G1 and G2: n = 9) short courses (G1: n = 6) and private 

projects (G2: n = 6). A variety of other activities were also undertaken by lesser 

numbers of participants from each of the three treatments. 

 

Had it been possible for the researcher to draw a larger sample, the differences 

between these groups would have been minimised. 

 

Sensory preferences 

 

The VARK (Visual, Auditory, Read/Write, Kinesthetic learning preference) 

instrument indicated 64 participants were Multimodal learners and 32 single-mode 

learners. The numbers of Multimodal learners by Learning medium was: Book n = 

24, Internet n = 21, VR n = 19. The numbers of Multimodal learners by Learning style 

type was: Divergers n = 20, Assimilators n = 15, Convergers n = 16, Accommodators 

n = 13. 

 

Thirty-two participants reported their preference for a single learning mode. Single 

mode learners’ preferences were: Kinesthetic, n = 21; Read/Writing, n = 7; Aural, 

n = 3; Visual, n = 1. Read/Writing was preferred by equal numbers of learners from 

each medium. The distribution of learning preferences (VARK) is illustrated in 
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Appendix D, Table D-10. Multimodal learners' preferences and n are listed in 

Appendix D, Table D-11. 

 

Experience with learning media 

 

Participants were randomly assigned to one of the three experimental learning 

media. Seventy-five participants reported having had prior experience with the 

medium they were assigned to and 21 not. A majority of participants reported the 

medium they were randomly assigned to was not their preferred learning medium. 

 

VR users (G3) had the least number of participants experienced in the medium they 

were allocated to. Appendix D, Table D-12 illustrates the difference between 

treatments in this factor. 

 

Most preferred medium/media 

 

Participants’ were surveyed for their preferred medium/media to learn with. 

Twenty-eight participants preferred to learn through a book and 68 preferred one or 

more other media or sensory devices. A majority of G1 and G2 participants preferred 

to learn through a book. G3 participants were more varied in their preference, 

reporting book and conditional choice as their majority options. Their responses are 

listed in Appendix D, Table D-13. 

 

There are differences in the media. This was examined as a potential covariate. There 

were obvious differences in prior experience expected, as all could be expected to be 

familiar with learning from books, but fewer with web or internet type systems, and 

much fewer with a head-mounted display virtual reality system. Therefore the 

relationship between prior experience with the medium and participants’ learning 

was examined - sections 6.2 and 6.3. The three groups were considered sufficiently 

comparable for the experiment to be a true representation of the difference between 

the three media. 
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Variables 

 

The variable data collected on factors affecting learners’ learning performance in-

experiment was: 

 

Learning needs 

 

Thirty-four participants indicated that they were seeking particular information 

through this experience and 62 indicated they were not. Twenty-five per cent of G1 

participants, 44% of G2 and 34% of G3 sought particular information. Appendix D, 

Table D-14 refers. 

 

G2 was most active in seeking information through the experiment and G1 the least. 

The types of information sought by G2 and G3 was topic knowledge, and G1 

research design. Knowledge of learning styles and research design was of interest to 

each medium user. Appendix D, Table D-15 refers. 

 

Eleven participants reported a need to learn about Alexandria, and 85 reported no 

need. G1 (n = 5) and G2 (n = 4) had a higher number of participants needing to learn 

about Alexandria than G3 (n = 2). The learning needs of participants are listed in 

Appendix D, Table D-16. 

 

The relevance of Alexandria to participants’ learning needs  

 

On entry to the experiment, a majority of participants reported the topic Alexandria 

was of some (n = 42) or no (n = 28) relevance to their learning needs. Media learners’ 

views were comparable across all five criteria. Appendix D, Table D-17 refers. 
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Application of Learning 

 

Participants reported a variety of uses to which they would put knowledge gained of 

Alexandria after the experiment. Major uses reported were: general knowledge 

(n = 24), discussion with peers (n = 19), increase existing store of knowledge (n = 14). 

 

G3 indicated the topic knowledge would be added to their general knowledge 

(n = 15) and to increase their existing store of knowledge (n = 6). In contrast, G2 

indicated a preference for discussing the topic with peers (n = 10); and G1 for general 

knowledge (n = 7) and discussion with peers (n = 6). Appendix D, Table D-18 refers. 

 

Pre-knowledge 

 

It was preferable to the researcher that participants hold little or no knowledge of 

Alexandria on entry to the experiment. On entry to the experiment, participants’ 

knowledge ranged from ‘nothing’ to ‘more than average - scholarship and 

geography’. Twenty-four participants reported no knowledge and 54 some. 

Participants’ reported level of knowledge is listed in Appendix D, Table D-19. 

 

Participants’ aggregate pre-learning journey knowledge score was 429 facts. G3 

participants had the highest aggregate pre-learning journey knowledge score 

(n = 204, then G1, (n = 153) and G2 (n = 72). G2 was low in knowledge scoring less 

than half of that of the other two treatments. G1 and G3 participants’ were 

comparable in knowledge across the sub-topics. Major knowledge holdings of both 

was of prominent people, scoring 56 and 68 respectively whilst G2 scored 26. G3 

scored high on Alexandrian structures: significance and on scholarship - almost 

double that of G1, the next highest score in both these sub-topics. The distribution of 

pre-knowledge scores is listed in Appendix D, Table D-20. The three treatments’ 

knowledge of Alexandria pre- and post-experiment results are reported in section 

6.2. 
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Participants were also asked ‘which elements of the city’s landscape do you (did you) 

find most interesting, and why?’ Nine participants provided both a pre- and post-test 

response. Seventy-two participants provided a blank pre-test response.  All post-test 

responses were different to pre-test responses. Two participants provided blank pre- 

and post-test responses. 

 

In this question, the highest number of facts known by a participant prior to 

experimentation was 29, and the lowest ‘nil’. The mean number of facts known prior 

to experimentation was 4. Forty-two participants scored topic knowledge as ‘nil’ in 

the pre-questionnaire, through either not answering any questions (n = 41) or not 

answering any questions correctly (n = 1). Several participants demonstrated a 

knowledge of events pertaining to Ancient Egypt but not to Alexandria. Several 

provided responses indicating knowledge of Roman interventions in Alexandria in 

periods outside the time-frame of the experiment’s learning module. 

 

Sources of Pre-knowledge 

 

Participants with some prior knowledge of Alexandria reported that they gained that 

knowledge either through one or several sources. Major sources included: TV 

documentaries (f = 48), books (f = 43), school (f = 23), and discussion with peers 

(f = 19).  

 

G1 participants gained prior knowledge mostly through TV documentaries and 

books. G2 gained most knowledge through TV documentaries and G3 participants’ 

through books and TV documentaries. Both G2 and G3 gained knowledge through 

discussion with peers also. College and university were minority sources for all three 

treatment groups. Other sources were also cited by all three treatment groups. The 

source/s of participants’ knowledge is listed in Appendix D, Table D-21. The ‘other’ 

sources of participants’ knowledge (f = 20) are listed in Appendix D, Table D-22. 
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Learning Climate 

 

To gain information on participants’ satisfaction with their learning journey in the 

experimental setting, participants were asked their views of the research process and 

conduct. A large majority of participants reported enjoyment and satisfaction with 

the process and conduct. Few were disappointed with their experience. The views of 

participants are discussed in sections 6.2 and 6.3. 

 

Summary 

 

At a surface level, participants displayed a sameness in their characteristics and the 

variables important to this study. No majority deviant responses across the sample, 

nor from any individual participating in this study was identified, leading the 

researcher to conclude that the sample was representative of adult male learners. 

 
 
6.1.2  Differences between Cells in VR system Learning Style types 
 
 
Thirty-two participants in four cells, each representing one of Kolb’s four learning 

style types, were assigned to each learning medium (treatment). Research Goal 2 

investigated the performances of VR learning system users (G3) in cells 9 to 12 

against six questions for research. 

 

The learning style types in VR medium Cells 9 to 12 were: 

 

• Diverger – cell 9 

• Assimilator – cell 10 

• Converger – cell 11 

• Accommodator – cell 12 
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Characteristics 

 

The characteristic differences between Divergers, Assimilators, Convergers and 

Accommodators in the VR treatment (G3) were: 

 

Age 

 

Convergers (31.4 years) were the oldest of the four VR system learning style 

participant groups and Accommodators the youngest (28.4 years). Appendix D, 

Table D-23 refers. 

 

Health and wellness 

 

The majority of VR learning system participants’ fitness to learn was average to 

excellent. One Assimilator self-reported having below average health. He presented 

at the experiment as being as capable of learning as participants with average to 

good health and was accepted into the sample. Four participants reported as taking 

medication for medical conditions. Appendix D, Table D-24 refers. 

 

The cohort of VR system participants had one or more of three medical conditions 

surveyed. Of importance to this study’s VR learning system and research design, 

specifically the well-being of experiment participants, three participants were 

identified as sufferers of travel sickness. The condition travel sickness was important 

to this study through nausea being associated with that and its adversely affecting 

learning performance.  

 

In addition, nine VR system users advised having vision/sight impairment: eye 

glasses. The condition vision/sight impairment was not severe for any of the 

participants nor an impediment to their learning with a VR HMD system. These 

participants placed the VR HMD over their eye glasses. Respiratory conditions 

reported were of a minor nature and assessed as not affecting learning performance. 
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The number of conditions held by VR learning system participants is listed in 

Appendix D, Table D-25. 

 

Language 

 

A majority of the VR system learners spoke/read/wrote English as a first language. 

Two spoke English as a second language: a Diverger and an Accommodator. 

Appendix D, Table D-26 refers. 

 

Self-directedness 

 

A majority of Divergers, Convergers and Accommodators self-reported as highly 

self-directed in learning. Appendix D, Table D-27 refers. 

 

Convergers had the highest mean score on the SDLRS-A instrument (237) but a 

median of 248 that approximated Divergers (249). Accommodators scored highest 

(277). Divergers (191) and Accommodators (192) scored the lowest. Accommodators 

had the largest score range (85) and Convergers (58) and Assimilators (59) the lowest. 

 

Where a Diverger and an Accommodator rated highest and also lowest on the 

SDLRS-A score, Assimilators and Convergers had a lower score range and were 

more similar within group and to each other in their learning readiness than to 

Divergers and Accommodators. Appendix D, Table D-28 refers. 

 

Motivation toward Learning 

 

Approximately half the VR system learners reported either high or medium 

motivation toward learning. No participants reported low. Accommodators were 

highest (n = 6) and Assimilators lowest (n = 5) motivated of the four learning style 

types. Appendix D, Table D-29 refers. 
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Motivation toward learning about Alexandria  

 

The majority level of motivation toward learning about Alexandria was medium. 

One Diverger and one Converger reported a high motivation and one Converger 

reported low. Appendix D, Table D-30 refers. 

 

Reason for participating in the Study/experiment 

 

A majority of VR system participants’ reasons for wanting to participate in the 

experiment was interest (n = 17). Among learning style types, Divergers and 

Convergers ranked interest highest and Assimilators lowest. Participants’ motives 

for participating were both varied and similar across the learning style types. 

Appendix D, Table D-31 refers. 

 

Education 

 

Almost all VR users (n = 31) undertook studies after leaving school. All Convergers 

and half or more other learning style types undertook some ‘other significant 

activity’ after leaving school. Most Assimilators (n = 6) were studying at the time 

they participated in this experiment. 

 

Accommodators held the highest qualifications range among learner types: Year 12 

to Doctor of Philosophy. The lowest was Divergers, with Year 10 to Graduate 

Diploma. Divergers had the highest number of course non-completions (n = 4) and 

Convergers the second highest (n = 3). Course completion rates across the VR sub-

sample ranged from 15% to 75%.  

 

The major significant other activity undertaken was formal study: Assimilator (n = 5) 

and Accommodator (n = 4). Divergers and Convergers undertook a variety of 

activities; Accommodators undertook mostly formal study; and Assimilators formal 

study only. 
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Sensory preferences 

 

All Divergers and half of the Assimilators and Convergers and almost half of the 

Accommodators were multimodal learners. Half of the Accommodators were 

kinesthetic learners. No VR learning system users were visual only learners. A 

majority were multimodal learners not single sense. The distribution of learning 

preferences is illustrated in Appendix D, Table D-32. 

 

Experience with assigned learning media/learning system 

 

Most Divergers and Assimilators (passive learners) had no experience with VR 

learning media of the type that they were assigned to in the experiment (n = 13). 

Most Convergers and Accommodators (active learners) had an experience (n = 11). 

Appendix D, Table D-33 refers. 

 

Most preferred learning media 

 

All learning style types most preferred learning through a book, and identified a 

variety of other media also preferred. Accommodators most preferred multiple 

media and Assimilators preferred that least. 

 

Kinesthetic learning was preferred by Accommodators most. Multisensory learning 

was preferred by Divergers, Assimilators and Convergers equally (n = 2 each), but 

not by Accommodators. Visual learning only and aural learning only were not 

preferred by any learning style types. Reading only was preferred by one Diverger. 

Appendix D, Table D-34 refers. 

 

Overall, the four Kolb learning style type groups were considered sufficiently similar 

for the experiment to be a true representation of the difference between learning style 

types. As the three media groups and the four Kolb learning style groups in the VR 

treatment (G3) were considered sufficiently similar, the researcher concluded the 

experimental results would be valid. 
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Factors 

 

In addition to characteristics, several other pre-experiment factors were measured to 

identify VR system users’ learning needs, experience and knowledge of Alexandria. 

 

Learning needs 

 

A majority of VR system users (n = 21) did not seek information through this 

experience (experiment). Half the Convergers sought particular information. 

Assimilators sought information the least. Appendix D, Table D-35 refers. A majority 

of participants seeking information were interested in knowing about the topic 

and/or their learning style type. Appendix D, Table D-36 refers. 

 

A ‘need’ to learn about Alexandria  

 

Most VR system learners (n = 30) had no particular need to learn about Alexandria. 

One Assimilator and one Converger indicated a need. One need expressed was: “I 

feel it is something of interest to me; if I did not learn or endeavour to learn about 

things of interest I would be lazy.” (Converger, E83) 

 

The relevance of Alexandria to participants’ learning needs  

 

A majority of VR system users reported the topic as being of some relevance. 

Alexandria’s relevance to participants’ learning needs was generally low for all 

learning style types. None ranked the topic as highly relevant to their needs. 

Appendix D, Table D-37 refers. 

 

Application of learning 

 

Participants reported a variety of uses to which knowledge of Alexandria, gained 

through the experiment, would be put after the experiment. The major use reported 
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was to form part of their general knowledge. Several reported more than one use. 

Appendix D, Table D-38 refers. 

 

Pre-knowledge 

 

Participants' reported knowledge of the topic on entry to the experiment ranged 

from ‘nothing’ to ‘more than average - scholarship and geography’. Participants’ 

level of knowledge is described in Appendix D, Table D-39. 

 

Convergers had the highest aggregate pre-knowledge score (n = 86), then 

Assimilators (n = 67). Divergers and Accommodators scored low in pre-knowledge, 

scoring less than half the score of the other two treatments. Assimilators and 

Convergers were comparable in knowledge across several sub-topics. Major 

knowledge holdings of both was prominent people, scoring 26 and 27 respectively. 

Convergers scored high on Alexandrian structures: significance and on scholarship. 

Accommodators scored lowest in most sub-topics. The distribution of participants’ 

pre-knowledge scores is listed in Appendix D, Table D-40. 

 

Sources of pre-knowledge 

 

All learning style types drew knowledge of Alexandria from books and TV 

documentaries, both of which were used with equal frequency by participants 

(f = 17). Divergers used mostly books and TV documentaries; Assimilators, mostly 

TV documentaries; Convergers, mostly books; and Accommodators used books, but 

used a lower range of media and with less frequency than the other three learning 

style types. 

 

School and university were not a source used by Divergers. School and college were 

not used by Assimilators. Accommodators did not use college, university or 

discussion with peers. The source/s of participants’ knowledge is listed in 

Appendix D, Table D-41. 
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Summary 

 

From the information collected and examined on the sample, experiment participants 

in both the overall sample and its sub-sample G3 seemed similar in their 

characteristics, variables and factors. This led the researcher to conclude that results 

yielded from the experiment from both the sample and G3 would be acceptable. 

 

The results of Research Goals 1 and 2 and their respective questions for research are 

reported in section 6.2. 

 
 

6.2  RESEARCH QUESTIONS 
 
 
This section reports the results and findings from questions for research posited 

against Research Goals 1 and 2 to explore the overarching question for this study: 

Can an adult learn in an adult way in a virtual reality environment?  

 

The first research goal investigated and compared the interactions and performances 

of learning medium users and their learning media through four interrelated 

questions that underpin the overarching question investigating the three treatments’ 

likes, dislikes and performance with the system each was assigned to. A focus of the 

examination was the efficacy of this study’s self-directed learning VR learning 

system used by G3 participants. 

 

Specifically, Goal 2 investigated both the experiences and performances of 

participants by learning style type to develop this study’s VRSDL model. 

 

Data for this study were collected for answering research questions in both Goals 1 

and 2. Because of the overlapping nature of some questions investigated, in several 

instances data sets have been used, with differing emphases, to answer more than 

one question. 
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6.2.1  Research Goal 1 - Learning Media groups G1, G2, G3 
 
 
The investigation to develop a VRSDL model for adults’ learning with a virtual 

reality learning medium required, as a first step that adult learners’ performance 

with several media be compared. Participants’ learning environment, support 

requirements, learning performance and learning style types were compared. This 

sub-section reports the results of that part of the experiment.  

 
 
Research Question 1: Environment (physical and cognitive) 

 
Can a virtual reality ‘world’ provide adults an effective adult 
learning environment? 

 
 
Learning media are one part of a learner’s learning environment. The suitability of a 

medium to a learner affects their comfort when learning and therefore their learning 

performance. Through learning media, learners experience physical learning 

environments that vary with the characteristics of each medium. 

 

A. Most preferred medium/media 

 

Participants in this study preferred a range of learning media. A book only was 

preferred by 28 participants. Sixty-eight preferred one or more other media or 

sensory devices - the most preferred being electronic, non-electronic, both electronic 

and non-electronic, kinesthetic, multisensory, and conditional choice. 

 

G1 were most attracted to books (n = 7); their second most preferred medium being 

combination sensory and media (n = 4 ) and non-electronic, both electronic and non-

electronic and conditional choice (n = 3). G2 were most attracted to books (n = 12); 

their second most preferred medium being both electronic and non-electronic (n = 5), 

and electronic, non-electronic, kinesthetic, multisensory, combination sensory and 

media and conditional choice (n = 2). G3 were most attracted to both books and 

conditional choice (n = 7); their second most preferred medium being both electronic 
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and non-electronic (n = 5), multisensory (n = 4), and electronic (n = 3). Participants’ 

preferred medium/media to learn with were are listed in Appendix D, Table D-42. 

 

B. Participants’ likes and dislikes of the learning medium assigned 

 

Some participants clearly had a preference for one medium or another, whilst others 

did not. However fewer than half the participants preferred the medium they were 

assigned to for the experiment. Prior to this study, all users had used a book, many 

had used the internet, and one third of G3 participants had used VR technology but 

not a VR learning system.  

 

Participants’ comments reflected both their personal preferences in learning media 

display and functioning, their experiences with different media, and media most 

preferred by them. Comments provided were both varied and personal viewpoints. 

Some responses provided were either conditional, qualified or non-committal. 

Several offered suggestions for improving their assigned medium. Responses typical 

of each medium user type are summarised in Appendix D, Table D-43. 

 

C. Comments regarding the learning design 

 

Learners’ perception of the sufficiency of a learning environment is influenced by its 

design. Participants’ perceptions of the three learning media in this study are listed 

in Appendix D, Table D-44. 

 

D. Views of the research environment 

 

In the research process, participants experienced both an experimental environment 

and learning environment. Participants were surveyed at the completion of the study 

to gauge their views of the experimental and learning environments. As the two 

environments were intertwined for participants, separating data on their views of the 

two environments could not be achieved with any reliability. Participants’ comments 

are listed in Appendix D, Table D-45. 
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E. Adult learning climate 

 

Within learning environments are learning climates. Learning climates are the 

conditions which influence how a learner feels about the learning journey and its 

component parts. Climates are concerned with both psychological and physical 

environmental factors such as, for example, safety, trust, motivation, self-concept, 

experience. 

 

Against Knowles’ adult learning assumptions, self-concept, experience and 

motivation, participants were asked at the conclusion of the experiment how they felt 

about their learning journey. The purpose was to determine the suitability of the 

research process in meeting their needs. That is, whether the climate presented in this 

study was acceptable to them.  

 

In relation to self-concept, an equal majority (n = 92) of learners using each of the 

three media reported feeling responsible for their own learning. A similar majority (n 

= 78) reported they were treated in the way they preferred, and that the researcher 

did not impose his will on them during testing (n = 85). In relation to experience, 

when asked about their entry experience, participants were divided in their 

response. Approximately half from each treatment reported having entered the 

experiment with experience gained through life experience, and 41 not. When asked 

if during the study they found themselves closing their mind to new ideas or 

perceptions, 87 reported ‘no’, and five ‘yes’. Four of those that answered ‘no’ were in 

G1. Eighty-nine, almost in equal numbers across the three treatments, reported they 

did not feel devalued or ignored. One G1, three G2 and two G3 participants did feel 

devalued or ignored. On investigation, the G3 participants indicated this was a by-

product of their wanting something of VR technology that it was not able to provide 

them with. Other treatments indicated that of their media also. Motivation was very 

much the same across all three groups. Seventy-three participants reported they were 

motivated externally and 92 reported being internally motivated. The most externally 

motivated were G3 (n = 28) and the least G2 (n = 21), whilst the most internally 

motivated were G2 (n = 32) and least G1 (n = 29). One G3 participant indicated his 
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motivation was ‘blocked’. On investigation it was found that he struggled to 

understand and control his learning medium. Participants’ responses are 

summarised in Appendix D, Table D-46. Instrument 9, Appendix B-15 lists the 

complete questions asked. 

 

F. Participants’ closing comments (Behaviour Log)  

 

In the closing discussion with the participants, additional statements reporting 

participants’ likes and dislikes of the experiment were collected. Participants’ 

comments and observations relating to the learning environment were: 

 
G1 
 
 

• literary communications are at a level different to a learner's capacity.    
Literature has also brought in barriers. 

G2 
 
 

• this is very exciting … linear doesn't give people the vision. This gives the 
overall vision of the golden age … and a succinct way of how it all fits together 

G3 • Expected to see activity - eg in the gymnasium and look for things like a back-
packer ...blankness caused 'not look into' after a while. 

 • Frustration, caught up in the technology. Ambient sounds were distracting. 
 
 
Summary 

 

Overall then, a majority of participants (n = 19) preferred learning with books and 

the remainder preferred combinations of electronic and non-electronic and sensory 

media. In short, the sample of participants held many and different learning media 

preferences. 

 

This study found a large majority of participants were satisfied with the learning 

environment provided them by the researcher. Results from testing found majority 

satisfaction among participants in all three treatments in the adult learning 

environment concepts self-concept, experience and motivation. 
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Research Question 2: Support SDL 

 
Is a VR environment able to support adults’ self-directed learning 
better than a book and the internet? 

 
 
To learn effectively, learners need support of the kind that suits their needs. 

Learners’ views of the support their learning systems provided them were surveyed 

to identify factors they perceived assisted their learning by self-direction. 

 

A. Most preferred medium/media 

 

Twenty-eight participants preferred to learn through a book only, and 68 preferred 

one or more other media or sensory devices (Appendix D, Table D-13 refers). The 

three media supported multisensory learning practice, each medium having 

marginal characteristic differences. 

 

B. Most preferred learning medium/media to learn with  

 

Participants were asked to indicate whether the learning medium they were assigned 

to was their most preferred medium for learning. A majority of book users and 

approximately half internet users and one-third of VR users indicated ‘yes’. Half VR 

users but only five book users indicated ‘no’. Fifteen participants provided either 

conditional or non-committal responses to this question; almost half of this number 

were book users. Appendix D, Table D-47 refers. 

 

As VR is a relatively unknown medium, the researcher did not expect a high 

proportion of G3 participants to indicate a preference for that medium. Similarly, 

with books being the most commonly used medium for teaching and learning in 

educational institutions, the internet was predicted to also not necessarily be highly 

preferred by G2 participants. Results for both were consistent with the researcher’s 

expectation, as too were the conditional and non-committal responses yielded. The 

result confirmed the researcher’s view – and with only a handful of exceptions - that 

learners are creatures of habit and if given a choice to stay with a known learning 
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medium than an unknown one, would. Similarly, electronic learning technologies 

present learners with an additional operational dimension not required of books and 

which discourages their use by learners of certain types. As one participant 

commented: “we are still caught in the paradigm of the book” (Diverger E39). 

 

The support a medium can provide a learner is as varied as each learner. Participants 

in the three treatments provided a range of comments in this regard. Features sought 

by them to learn effectively were not necessarily available in the medium they used, 

nor necessarily available in any of the three media developed for this study.  

 

C. Participants’ likes and dislikes of their learning media 

 

Less than half the participants were assigned to and used a learning medium that 

was their preferred medium. The comments yielded were many and varied. Some 

responses made were either conditional, qualified or non-committal. Some 

participants had a clear preference for one medium or another, whilst others did not. 

Participants’ perceptions of support for self-directed learning centred on the two 

areas hardware and curriculum and sometimes their comments on these intertwined. 

Hardware was commented on in terms of features, both positive and negative. 

Comments regarding manipulation and functionality were common to all three 

media; preferences for one medium over another were inescapable, with people 

having a preference usually for a medium with which they were both familiar and 

comfortable. In relation to curriculum, the brevity of the information offered to 

learners in modules was commented on both positively and negatively. Comments 

indicating support, reservations about the medium and conditional concerns 

respectively for self-directed learning of users of each medium are in Appendix D, 

Table D-48. 

 

With each of the three media, participants expressed common needs of control, ease 

of use, personal sensory and presentation satisfaction requirements, thereby 

reinforcing their preference for learning environments that meet their personal 

expectations. As the three treatment groups (G1, G2, G3) were populated with equal 
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numbers of learners of each of the four Kolb learning style types, this result was 

neither an unusual nor unexpected result. However, because each of the media was 

populated with each of the four learning style types, determining which medium 

was ‘better’ than any other could not be determined through simply quantifying 

feedback. The collection of responses given by each medium user group was much 

the same as each other, varying only in those characteristics that made their medium 

different to another. So the results, whilst interesting, are inconclusive. 

 

D. Perceptions of the assigned learning medium’s strengths 

 

Participants judged the strengths of their learning media on the basis of its 

convenience, usability and the presentation and format of topic information. 

Decisions on the latter were influenced by curriculum choice and depth of 

knowledge as well as engagement with the content of the module. 

 

Internet and VR systems learners’ perceptions varied marginally from those of book 

system learners. The language in their reports contained terms that reflected the 

nature of their learning media type and terms that were additional to and different to 

terms used by books users in their reports. For example: navigation, non-linear, 

hotlinks, engaging, mimicking reality, immediacy. Strengths participants identified 

in their assigned medium relating to self-directed learning support, and remarks 

comparing a given medium to others, are shown in Appendix D, Table D-49. 

 

E. Perceptions of the assigned learning medium’s weaknesses  

 

Participants' perceptions of the weaknesses of their assigned medium reflected 

participants’ information presentation preferences and personal usage requirements 

of a learning medium.  The most frequently perceived weaknesses in the three media 

were: limited scope of information and non-organisation of content. A majority of 

comments were made on features of the three systems’ characteristics and design 

that were known to the researcher as typical failings of learning media of these types.  
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Shortfalls cited of one medium type were not necessarily shortfalls of another 

medium. For example, where book users commented on boredom and lack of 

engagement, VR users commented on having to work at learning, implying tedium 

of another type. Orientation and navigation was a concern across all media but for 

different reasons. A major reason for the similar views arising from users of each 

medium was that equal numbers of learning style types used each medium and 

commented according to their type preferences. This matter is examined further in 

section 6.2.2.  In terms of supporting self-directed learning, media weaknesses 

identified by each treatment are listed in Appendix D, Table D-50. 

 

VR learners’ comments like those of users of the other two media mostly centred on 

the physical makeup of their system, the curriculum or the presentation of the 

curriculum rather than the support these systems provided. Once again certain 

learning style types focussed on these factors and level of support more than other 

types. For example, task-orientated learners saw impediments and shortcomings 

whereas people-orientated learners – in particular Accommodators – saw benefits 

and possibilities. Learners with a preference for books – generally presenting as 

conservative types - expressed anti-technology sentiments and condemned VR and 

internet systems because these did not support their comfort needs. 

 

F. Comments regarding the learning design 

 

Participants were surveyed to determine, against each learning medium, which 

features of their learning media supported their self-directed learning journey. 

Whilst participants were asked their opinions, and people do hold differing views, 

values and philosophies, a variety of views were reported – refer Appendix D, Table 

D-51. 

 

G. Views of the research process and conduct 

 

With learners learning in a laboratory type setting, constructed to collect data in 

accordance with a research design, several trade-offs were made to facilitate this end, 
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for example, the use of demographic and other learning related assessment 

instruments, stratified random sampling and the presentation of a set topic to learn 

(rather than open choice). How much learners felt they were supported in their self-

directed learning was another important part of the learning process. Once again, 

comments from participants using each medium were similar to those of participants 

in each other medium, suggesting that whilst the media differed, the needs, 

expectations and experiences of the participants were much the same. Participants’ 

comments are listed in Appendix D, Table D-52. 

 

H. Adult learning climate survey 

 

Knowles identified the importance that climate has on assisting or impeding an 

adult’s learning. He identified a set of principles, each interlinked with each other to 

explain the complexity of climate and qualify its impact on a learner and their 

learning. As an external agent, the research was responsible for setting and 

maintaining the tone of the learning climate from the moment of first contacting each 

potential participant through to the end of the laboratory experiment and 

post-experiment administration. Participants were surveyed for their views on the 

climate created for them in the adult learning experiment. Using Knowles’ principles 

of self-concept, experience, orientation to learning and motivation, participants were 

surveyed to determine the climatic support they received to learn self-directedly.  

 

Of importance to this study, a majority of participants using each of the three media 

(n = 85) indicated they did not feel the researcher was imposing his will on them. 

Several that answered ‘yes’ to this question indicated that they saw not being able to 

choose any topic to learn constituted an imposition of will. Approximately half of 

book users, and two-thirds of both internet and VR users felt their experience was 

being tapped into. A majority of participants (n = 89) indicated their experience was 

not devalued or ignored. Refer Appendix D, Table D-53. 
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I. Comments on the administration of the research 

 

Learning journeys inevitably involve a level of administration, separate but 

supporting the cognitive engagement a learner has with information when learning. 

In this study, the presence of the researcher was that of an experiment process 

explainer who was also perceived by some participants as the educator or tutor in 

the learning journey, a function which is not necessarily present in a self-directed 

learning setting. Though not intended as a part of the study design, the researcher 

was assumed by an unknown number of participants to be a learning resource. 

Participants’ comments relating to the administrative support they received that 

assisted their self-directed learning in the experiment are listed in Appendix D, Table 

D-54. The satisfaction comments reported were comparable across the three learning 

media user groups, with most comments indicating participants’ felt positively about 

their experience. 

 

J. Participants’ closing comments (Behaviour Log) 

 

Participants’ closing statements reporting participants’ likes and dislikes of the 

experiment, relating to their systems’ supporting self-directed learning centred on 

education paradigms, satisfaction, the media, control over systems and choice of 

topic aspects to learn. Comments summarising these aspects are listed in Appendix 

D, Table D-55. 

 

Several comments in the negative emanated from VR system users. They described 

lack of purpose, frustration with the VR medium and the curriculum being limited. 

Their comments describe inadequacies that happen to be problematic learner-specific 

and design issues that are found with some frequency in the literature on human 

learning – for example, Billinghurst, Bowskill, Dyer & Morphett 1998; Burdea, 

Richard & Coiffett 1996; Wann & Mon-Williams 1996; Thorpe 1996; Franchi 1995. 

Nonetheless, these remain valid comments on the features of the learning system that 

they interacted with in this study. For example: 
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• Frustration, caught up in the technology. Ambient sounds were distracting. 

• Preferred ambience to stop altogether. 

• Learned to combat the deficiencies. 

• Didn't learn where the city (was). 

 

K. Timings: learning journey tour  

 

A majority of participants in each treatment toured their worlds for the maximum 

times allowed to do this. Twenty-six book users, 27 internet users and all 32 virtual 

reality learning system users, took the maximum 30 minutes allowed for the learning 

journey. All 32 VR users responded with surprise when told their 30 minutes had 

elapsed, with a majority remarking that they felt they had been exploring for only 

around 10 minutes. Refer Appendix D, Table D-56. 

 

Whereas book, and to a lesser extent internet, users suggested they felt a degree of 

fatigue from the 30 minute learning journey and were content to finish at 30 minutes 

when they were signaled that the learning journey time limit had been reached, a 

majority of VR system users would have continued longer had they been given that 

option. Only a handful of VR system users, self-confessed non-fans of technology-

based learning, expressed delight at not having to continue their learning in the VR 

system when signalled at 30 minutes to stop. 

 

VR system learners, in contrast to book and internet learners, reported lower levels of 

fatigue from their learning journey. This is in an interesting result and in direct 

contrast with the experience of a handful of VR users who commented that they 

found the VR environment tiring. That VR learners had to ‘drive’ their system in 

order to tour the VR world, and engage with VR objects in order to learn is a 

comment on both the VR world design as much as those learners’ learning work 

ethic. 
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L. The researcher’s observations 

 

During their learning journey, participants exercised full control over their medium 

and their learning environment – within the characteristic limitations of their 

assigned medium. Book learners were content to work with their medium as it stood. 

Several made notes as they read to assist their learning. One internet system (G2) 

learner attempted to access the internet to acquire information outside his module.  

 

VR system users (G3) were the most vocal of the three treatment groups in 

describing their experience and commenting on their learning medium. VR 

participants’ experiences were many and varied. For example, several participants 

had problems co-ordinating the mouse and HMD navigation devices; some didn't 

click on the obelisks in the streets, preferring to ‘tour’ and view. Another VR system 

participant commented that he "had an expectation… wander, follow… because it is 

a computer." 

 

Both intrinsic and extrinsic factors featured in G3 participants’ comments on their 

learning experience. For example, one participant commented on his having missed 

lunch being responsible for his experiencing nausea. Another stated that he didn't 

notice the noise of construction work that was taking place in a room outside the 

testing area during the learning activity.  

 

Summary 

 

Overall then, it was found that learners’ needs, expectations and experiences were 

much the same and that they wanted environments that meet their personal 

expectations. Most learners indicated positive feelings about their self-directed 

learning experience and the support they received in that. Satisfaction comments 

reported across the three learning media user groups were comparable. In the 

researcher’s view, participants’ most frequently perceived weaknesses in the three 

media - limited scope of information and non-organisation of content – were a 
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consequence of research design trade-offs and matters that may be minimised in a 

real-world learning journey. 

 

This study found that whilst the characteristics that made each medium different to 

each other suggest each is capable of supporting adult self-directed learning to a 

standard acceptable to learners, none of the three media could be said to be better in 

supporting adult self directed learning that the other two. For learners, ‘better’ is a 

subjective value measurement. 

 
 
Research Question 3: Learning  

 
Do adults learn better in a virtual reality environment than with 
books or the internet? 

 
 
The central activity in this study was measuring adults’ learning in a VR 

environment with the purpose of discovering if learners can learn better in a VR 

environment than in other environments. Linked to this question is how well each 

learning style would learn through a self-direction strategy. 

 

After their learning journey, participants were asked about their perceptions of the 

journey, their learning medium and the learning climate they encountered, including 

the administration of the research. The intersection of these formed the learning 

environment. 

 

Specific aspects of the learning journey that participants were asked to reflect on 

included: knowledge gain, knowledge change, conflicts of knowledge, linking of 

unrelated facts, meaning attached to facts, important facts, facts which had the 

greatest impact, facts grouped to achieve understanding, and causes and aids for 

remembering and recalling facts. Questions relating to learning media included: 

perceptions of the assigned learning medium’s strengths and weaknesses and likes 

and dislikes of it, and their likes and dislikes of learning media generally. Questions 

surveying the study and experiment climate included: comments on the conduct of 
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the learning journey experiment, the administration of the research, and feedback 

requirements. 

 

The actual questions participants were asked are available in the research 

instruments located in Appendix B. Following, and reported separately, are the 

qualitative and quantitative data results from the investigation of this question.  

 

 

QUANTITIVE DATA RESULTS 
 

A quantitative analysis of research variable date was undertaken using Ancova to 

ascertain whether adults learn better in a VR environment than in a book or internet 

learning environment. 

 

 

1. EXAMINATION OF ASSUMPTIONS OF ANCOVA 

 

Sampling distributions 

 

The researcher looked at univariate and bivariate distributions and decided that 

distributions were satisfactory for ANOVA type analyses. 

 

Outliers 

 

The presence of one possible but not extreme outlier was identified (E15: Book 

medium/Assimilator; ‘New Knowledge’ score: 151; sample mean = 55.27, 

s.d. = 31.59). He was three s.d. above the mean. 

 

There was no large break in the distribution of Pre-Knowledge and therefore in order 

to maintain equal cell sizes it was decided to include E15 in the analyses. The reason 

for this was that E15 had a high pre-score. However, there was still plenty for him to 

learn. As the highest score that he could obtain was theoretically at least 236, he 
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showed he could still learn something. He was a univariate outlier but not a 

multivariate. He had high pre-knowledge and learned a lot through his medium. 

Although E15 is a multivariate outlier, he is not an extreme one. Other members of 

his experimental group were ‘normal’ and excluding him from the ANCOVA would 

have made no difference to the pattern of results. 

 

Apart from having an SDLRS-A score of 265 (mean = 232) E15 appeared ‘normal’ in 

all other characteristics when compared with other participants and therefore it was 

decided to include him. The original sample of 96 was maintained although one 

participant (E91: Virtual Reality system, Accommodator) did not return an increase 

in knowledge score.  

 

Homogeneity of Variance 

 

Levene’s Test of Equality of Error Variances showed no significant difference in error 

variance of the dependent variable of New knowledge F = 1.265 (11, 84) Sig. > .05 

 

Homogeneity of Regression 

 

The regression for each cell was examined and was found to be zero, low to medium 

in all but the VR/Converger cell. The VR/Converger cell correlation (low and 

negative) may have been due to one particular participant. The Homogeneity of 

Regression assumption for ANCOVA is reasonable, and ANOVA gets the same 

pattern of results. 

 

Linearity of covariates 

 

There is no reason to expect curvilinearity or ceiling effects. 
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Reliability of covariates 

 

While Language might seem intuitively to be a significant covariate because it 

correlated with Pre-Knowledge it was a less reliable measure. Pre-Knowledge was 

used as a surrogate. 

 

Summary of the procedure 

 

A 3 x 4 between-group analysis of covariance was performed on New Knowledge 

(dependent variable). Main factors (Learning Style and Learning Medium) x 

Covariates (Familiarity with Medium and Pre-Knowledge). Independent variables 

are: Learning media (book, internet and virtual reality) and Learning style type 

(Diverger, Assimilator, Converger, and Accommodator), factorially combined. 

 

Results of Ancova 

 

Results of evaluation of the assumptions of normality sampling distributions, 

linearity, homogeneity of regression, and reliability of covariates were satisfactory. 

From this, the researcher concluded that it would be safe to rely on the ANCOVA 

analysis. Analyses were performed by SPSS Version 10.0. Cell sizes were equal. 

Covariates were Pre-Knowledge and Familiarity with Medium. 

 

Significance 

 

Effect of medium on participants was statistically significant, with f(2, 82) = 4.101, 

p < .020.  The association between the covariate Pre-Knowledge was significant 

(∝ < .001).  Familiarity with medium was not significantly associated. 

 

No statistically significant main effect of learning system was found. Nor was there a 

significant interaction between learning system and learning style. In other words, 

statistically speaking, learning media were not found to have had any effect on 

learning. The reasons for this finding are not clear to the researcher. The smallness of 
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the sample was always a matter for concern for the researcher, but there is no 

certainty that that is the root cause of this finding. 

 

 

2.  EXAMINATION OF POTENTIAL COVARIATES 
 

Procedure for examining potential candidates 

 

It was desirable for covariates to not correlate with each other whilst at the same time 

correlating with the dependent variable. Only if there was a significant correlation 

with gained knowledge could there be any systematic differences between the 

experimental groups. 

 

Using SPSS, the labels New Knowledge, VARK, Studying Now, Education 

Discontinued, Motivation to Learn Topic, Familiarity with Medium, Language and 

Pre-Knowledge were developed and applied to quantitative data sets identified as 

covariates. 

 

The researcher’s expectation was that Motivation to learn, Pre-experience with 

medium, VARK, Language, Education-in-train, and Education Discontinued would 

correlate with gained knowledge. Therefore these were considered as possible 

covariates in analysis of differences between groups. 

 

There was a slight confounding through the sample being not 100% randomly 

assigned to learning media. Because suitable participants were tested in the order in 

which they joined the study, and a set quota of each learning style type (n = 24 each 

type) was required for the study, places were able to be filled in a random order only 

up until a handful of places remaining caused a forced choice situation to occur. That 

is, for example, two Divergers were required to make up the quota of Divergers, but 

where the only two places to be filled were with the VR system and no more 

participants were required to use the book or internet systems, then these 

participants (Divergers) were assigned to the VR system. This occurrence made it all 

the more important to examine possible differences between the groups. 
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Covariates were used for statistical control. The decision to use a variable as a 

covariate is based on two main criteria: 

 

 1. is there a moderately large correlation between the potential covariate 

and New Knowledge?; and 

 2. do any of the cells differ on this potential covariate? 

 

In addition, if possible covariates correlate highly with each other as well as with 

New Knowledge, then one can be used as a surrogate for the other. In addition there 

is value in keeping the analysis as simple as possible while not sacrificing statistical 

power. 

 

Language (that is, familiarity with English) was excluded as a covariate as it had 

roughly equal numbers in each cell. The variables VARK, Education-in-train and 

Education Discontinued point biserial correlations with New Knowledge was used 

to assess whether they should be included as covariates. 

 

Decisions on which covariates to include 

 

The researcher was not confident that data reporting participants’ familiarity with 

their learning medium and prior topic knowledge holdings were sufficiently valid 

measurements to ensure skewing of results did not occur. A test of correlation 

between Familiarity with Medium and with Pre-Knowledge was undertaken, the 

result of that showing that the correlation was virtually zero. That is, the variables 

are independent and they both correlate with New Knowledge and therefore it is 

reasonable to include them both. 

 

SDLRS-A correlated with New Knowledge but it was not very large (Pearson 

correlation = .221) with significance = .03 
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The covariates New Knowledge, VARK, Studying Now, Education Discontinued, 

Motivation to Learn Topic, Familiarity with Medium, Language and Pre-Knowledge 

were examined to identify significance, if any, between them. Each of these labels is 

derived from a data set of a similar name resulting from a question posed in a 

research instrument. Table 6-1 presents the results of correlations of potential 

covariates with each other and with New Knowledge; and relating to that in 

Table 6-2 is an analysis of covariance of New Knowledge (that is, the Covariate 

Analysis). 

 
Table 6-1: Correlations of potential covariates with each other and with 

New Knowledge 
 

 
 
 
Covariates 

 New 
Knowl
edge 

 
(D.V.) 

VARK 
 

Studyi
ng  

Now 
 

Educat
ion 

Discon
tinued 

Motiva
tion to 
Learn 
Topic 

Famili
arity 
with 

Mediu
m 

Langu
age 

 

Pre-
Knowl
edge 

 

New 
Knowledge 
 

Pearson 
R. 
Sig. 

1.000 
. 

-.007 
.942 

.046 

.658 
.202* 
.049 

.044 

.669 
-.292** 

.004 
-.352** 

.001 
.275** 

.007 

VARK 
 

Pearson 
R. 
Sig. 

-.007 
.942 

 .133 
.198 

.015 

.884 
-.091 
.380 

.001 
1.000 

-.150 
.146 

.014 

.893 

Studying Now 
 

Pearson 
R. 
Sig. 

.046 

.658 
  .000 

1.000 
.051 
.620 

-.176 
.086 

.212* 
.038 

-.162 
.116 

Education 
Discontinued 

Pearson 
R. 
Sig. 

.202* 
.049 

   .083 
.421 

-.016 
.876 

-.127 
.219 

.097 

.345 

Motivation to 
Learn Topic 

Pearson 
R. 
Sig. 

.044 

.669 
    .116 

.259 
.039 
.708 

-.033 
.752 

Familiarity 
with Medium 

Pearson 
R. 
Sig. 

-.292** 
.004 

     -.049 
.633 

.076 

.464 

Language 
 

Pearson 
R. 
Sig. 

-.352** 
.001 

      -.289** 
.004 

Pre-
Knowledge 
 

Pearson 
R. 
Sig. 

.275** 
.007 

       

 * Correlation is significant at the 0.05 level (2-tailed). 
 ** Correlation is significant at the 0.01 level (2-tailed). 
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Table 6-2: Analysis of covariance of New Knowledge 
 (ie the Covariate Analysis) 
 

 
Source 

 
Type III 
Sum of 
squares 

 

 
df 

 
Mean 

Square 

 
F 

 
Sig. 

Corrected model 25745.006 13 1980.385 2.351 .010 
Intercept 16135.736 1 16135.736 19.155 .001 
Familiarity with Medium (a) 549.357 1 549.357 .652 .422 
Pre-Knowledge (a) 11416.940 1 11416.940 13.553 .001 
Learning Medium 6908.426 2 3454.213 4.101 .020 
Learning Style Types 2295.969 3 765.323 .909 .441 
Learning Medium *  
Learning Style Types 

 
681.022 

 
6 

 
113.504 

 
.135 

 
.991 

Error 69073.952 82 842.365   
Total 388086.000 96    
Corrected Total 94818.958 95    

 

 (a) Familiarity with Medium and Pre-Knowledge were used as covariates. 
 
 
Results of Examination of potential covariates 

 

The five potential covariates, Motivation to Learn the topic, VARK, Language, 

Studying Now, and Education Discontinued, provided no reliable unique 

adjustment. For example, Language was dropped as it correlates with 

Pre-Knowledge but Pre-Knowledge does not correlate with Familiarity with 

Medium. 

 

Two of the covariates, Pre-Knowledge and Familiarity with Medium, were 

significantly correlated with the dependent variable at the .01 level but not correlated 

with each other. These also were measured on an interval level scale and seemed 

reliable so are good candidates for inclusion as covariates. 

 

Significance 

 

The relationship between the dependent variable and Motivation to Learn (the) 

Topic, VARK and Study Now is not significant. The relationship between the 

- ·-----------
~ ----- ------
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dependent variable and Language is significant (it does not discriminate between 

groups; relatively low numbers). But the measure is not an interval one and there 

were no significant differences between the experimental groups. There is a low 

correlation between the dependent variable and Education Discontinued, just better 

than .05, so it was left out. 

 

Motivation to Learn, VARK, Study Now, Language and Education Discontinued had 

either low, or were not significantly correlated with New Knowledge and so were 

not included as covariates. 

 

Results of examination of correlations of potential covariates with each other 

 

This is an examination of correlations of potential covariates with each other and 

with the dependent variable New Knowledge, details of which are in Table 6-1. 

 

There was no significant correlation between VARK and Studying Now, thus 

confirming that no relationship between these two variables existed. 

 

ESL learners were identified before this study commenced as being linguistically at a 

disadvantage to English first-language speakers. Birbili (2000), for example, in her 

discussion on collecting data in one language and presenting the findings in another, 

comments on social researchers encountering problems such as linguistic 

competence, translator knowledge, circumstances in which the translation takes 

place, and research validity being jeopardised where instruments prepared in one 

language and culture are used in others. 

 

Through reduced familiarity with the English language, ESL learners have a 

heightened risk of making errors when translating messages, and are vulnerable to 

misinterpreting cultural concepts and losing time translating and back-translating 

messages - moreso than English first-language speakers. Language difference was 

anticipated as an obstacle for ESL learners learning through any of the study’s three 

learning systems/media, but they were not excluded from participating in this study 

Deleted: problems 

Deleted: and 

Deleted: , being encountered 
by social researchers 
experiencing, and that 
jeopardising research validity 

Deleted: that 

I [.~ 
/ . 
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because they too may be found learning in classrooms and undertaking self-directed 

learning activities alongside English first-language learners. 

 

There were 16 ESL participants - not many to include as a covariate. ESL people did 

not learn as well as English speaking people. Their learning results were worse than 

the others (mean = 5.17; mean difference = 4.23). They also scored worse on 

Pre-Knowledge (mean = 0.93). The findings that emerged from this were interesting, 

however, as the aim of this study was to investigate the learning of males of each of 

the four learning style types. Furthermore, the sub-sample of ESL participants was 

too small to analyse. The researcher, though recognising the importance and need for 

future research into this matter, did not pursue further analysis of data relating to 

ESL participants. 

 

Estimated marginal means of New Knowledge with Pre-Knowledge and 

Familiarity with Medium as covariates 

 

The effect size for Medium is given by partial omega squared. The strength of the 

relationship between New Knowledge and Learning media was ω2 = 0.205  that is, 

Medium accounts for 21% in knowledge gained (New Knowledge), after Familiarity 

with Medium, Pre-Knowledge is taken into account. This is a large effect by Cohen’s 

(1977, cited Keppel) criteria. 

 

Internet learners learned more from their learning medium than book learners, who 

learned more than Virtual Reality medium learners. The most learning was achieved 

by Convergers using the internet medium and the least was achieved by 

Assimilators using the Virtual Reality medium. (Refer Figure 6.2) 
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Figure 6.2: Estimated marginal means of New Knowledge with Pre-Knowledge and 
Familiarity with Medium as covariates 
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Refer to Table 6-3 for raw means. 

 

The main result, but one that has been shown to be not statistically significant, is that 

participants using the Internet medium gained more topic knowledge than 
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participants using the Book medium who learned more than participants using the 

Virtual Reality medium. 

 

Pooled within-group correlations among covariates and New Knowledge are shown 

in Table 6-3. 

 
Table 6-3: Analysis of covariance of New Knowledge: raw and adjusted means and 

adjusted standard error 
 

 
Condition 

Raw 
Mean 

Adjusted 
Mean 

Adjusted 
S.E. 

Book    
- Diverger* 56.62 54.76 10.50 
- Assimilator* 56.50 49.64 10.58 
- Converger* 70.75 67.22 10.51 
- Accommodator* 60.12 62.78 10.57 
Internet    
- Diverger* 61.62 64.52 10.57 
- Assimilator* 62.62 64.96 10.28 
- Converger* 65.12 70.95 10.46 
- Accommodator* 63.50 65.21 10.54 
VR    
- Diverger* 33.75 40.51 12.25 
- Assimilator* 32.87 29.80 11.77 
- Converger* 59.12 47.42 10.76 
- Accommodator* 40.62 45.42 10.42 
Total – Learning Styles    
- Diverger* 50.66 53.26 11.10 
- Assimilator* 50.66 48.13 10.88 
- Converger* 65.00 61.86 10.57 
- Accommodator* 54.75 57.80 10.51 
Total – Learning systems    
- Book** 61.00 58.60 10.54 
- Internet** 63.21 66.41 10.46 
- VR** 41.59 40.79 11.30 

 *  n = 24 
 ** n = 32 

 
 

Discussion 

 

Not gaining any statistically significant results was unexpected and disappointing. 

The possible reasons for this, and hence the impact on the value of the findings of 

this study will be discussed further in Chapter 7. 
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New Knowledge appears to have a strong link with the variables Familiarity with 

Medium and Pre-Knowledge. The literature has commented on where learners are 

familiar with a medium, they are confident and mostly adept in its use, without 

hesitation. Participants in this study were observed behaving accordingly. For 

example, all learners were familiar with the structure of a book, many with internet 

functioning, but none familiar with this study’s VR learning system. 

 

Similarly, possessing prior knowledge of the topic Alexandria, provided participants 

with this with a base to learn from. Though not essential for learning, having some 

familiarity provided a head start and a context from which to learn and to build on 

existing knowledge. In effect enabling the learner to orientate themselves to the 

subject more easily than those for whom the topic was new. 

 

Education Discontinued was surveyed to measure participants’ persistence in 

learning matters. Self-directed learning requires a combination of strength and drive 

to complete learning of this type, greater than facilitated learning activities. 

Education Discontinued is significant to learners in terms of their self-esteem and 

motivation for undertaking a learning journey. In the argument for an andragogical 

VRSDL model, it was an important measurement. 

 

The significance of Language was in the negative. That is, with modules being 

presented in English only, learners not having a sound grasp of English had 

disadvantages in terms of translation, fluency and time expended cognitively 

processing information. It was recognised as a problem area before the study and 

was included in the testing regime for that reason. 

 

That other variables tested were found to be significant was expected. But finding 

Motivation to Learn not being significant was not anticipated. The researcher 

recognised ahead of the study that there are many forms of motivation and that 

learning may occur unconsciously without motivations having to be present for 

learning to occur. However, whilst learning can occur without motivation, the 

question ‘how much learning was gained in this state compared with how much 
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might have been gained if the learner was motivated?’ has to be asked. It is a matter 

problematic with human learning research. 

 

 

QUALITATIVE DATA RESULTS 
 

 

A. Learning 

 

Participants were tested to determine their entry level knowledge of Alexandria in 

Egypt. Their pre-test score range was 0 to 29, and the mean 4.47. The study’s learning 

module had nine sub-topics, of varying content size, arranged into four topic 

groupings (Welcome, Culture, Historical events, Buildings and sites) available for 

them to learn. Of the nine sub-topics, participants’ highest sub-topic area pre-scores 

were: ‘Alexandrian people’ 150 (mean = 1.56), ‘Alexandrian structures and sites’ 117 

(mean = 1.21), and ‘Scholarship’ 49 (mean = 0.51). 

 

The post-test knowledge gain range was large: 0 to 151 (mean = 55; s.d. = 31.59). The 

greatest percentage change in knowledge score was in the sub-topics ‘Economy’ 

(+7750%) and ‘Fauna’ (+4558%). The least percentage change was in the sub-topics 

‘Design around natural environment’ (+675%) and ‘Scholarship’ (+706%).  The 

greatest change in participant’s knowledge (raw score) was ‘People’ (1,371), and the 

least ‘Design around natural environment’ (92). 

 

Participants learned a significant amount during the experiment, with the pre-test 

mean score of 4.47 increasing to a post-test mean of 55. Table 6-4 summarises Module 

sub-topics and total participant scores.  
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Table 6-4: Module sub-topics and total participant scores 
 

 
 
Sub-topics 

Ss  
Pre-score 

(Total) 

Ss 
Post-score 

(Total) 

Difference: 
Pre-, Post 
Raw Score 

% Variation 

Land- and city-scape 37 392 355 +1,059 
Alexandrian structures 117 1,079 962 +922 
Alexandrian people 150 1,521 1,371 +1,014 
Design around natural environment 16 108 92 +675 
Fauna 12 547 535 +4,558 
Population 21 273 252 +1,300 
Economy 4 310 306 +7,750 
Scholarship 49 346 297 +706 
Historical events 23 730 707 +3,173 

 
 

B. Timings 

 

Participants took varying times to complete the pre- and post-tests and ‘tour’ of the 

module. The means of G1, G2 and G3 were, respectively, 5 minutes 54 seconds, 28 

minutes 16 seconds and 29 minutes 20 seconds. Sixty-three participants took up to six 

minutes to complete the pre-test (topic prior knowledge questionnaire). Twenty-

three participants took less than 20 minutes to complete the post-test, 43 from 20 to 

less than 35 minutes, and 30 took 35 minutes or greater. ESL participants took 

noticeably longer to complete pre-experiment instruments than English 

first-language participants. 

 

Eighty-five participants took advantage of the maximum 30 minutes allowed for the 

experiment to ‘tour’ their modules. Twenty-six book users, 27 internet users and all 

32 virtual reality learning system users, took the maximum 30 minutes allowed. 

Eleven took less time through either completing the module within the 30 minutes, 

or by choosing to terminate their learning journey because they had either satisfied 

their learning goal or had no desire to continue. The minimum time taken was 16 

minutes 40 seconds. All 32 VR users responded with surprise when told their 30 

minutes had elapsed, with a majority remarking that they felt they had been 

exploring for only 10 minutes or so. Appendix D, Table D-56 refers. 
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C. Pre- and post-knowledge scores  

 

Internet learners learned the most facts, then book and virtual reality learners. The 

areas of knowledge most changed for both internet and book learners were 

‘prominent people’, ‘historical events’ and ‘fauna’. The area of most change for 

virtual reality system learners was ‘ prominent people’. A notable difference, but one 

with less change in knowledge than the other two learning groups, virtual reality 

system learners measured moderately high on the topics ‘historical events’ and 

‘Alexandrian structures’. Pre- and post-knowledge scores and differences are 

summarised at a sub-topic level in Appendix D, Table D-57. 

 

Internet learners’ mean knowledge score of 2.25 facts increased to a mean 71.65 facts 

and Book learners 4.78 facts increased to a mean 61 facts, learned in this study. 

Virtual reality systems learners’ knowledge started with a mean 6.3 facts and 

increased to a mean of 42.93 facts. Internet learners learned most, with an increased 

mean difference in knowledge of 69.4 facts, book learners 56.22 facts and virtual 

reality learners 36.55 facts. Internet learners reported highest in ‘nil’ pre-study 

knowledge (n = 19) and virtual reality learners the least (n = 9). Refer Appendix D, 

Table D-58. 

 

D. Elements of the city’s landscape found most interesting  

 

Participants’ corresponding pre- and post-Questionnaire item responses are listed in 

Appendix D, Table D-59. 

 

E. Knowledge gain  

 

The topic Alexandria contained five sub-topic areas. Participants reported 

knowledge was gained in the areas listed in Appendix D, Table D-60. 
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F. Knowledge change 

 

Participants’ store of knowledge of Alexandria varied. Changes in knowledge 

included: volume of facts, clarity, context, awareness raising, overview, clarification. 

Participants’ changed topic knowledge is described in Appendix D, Table D-61. 

Significant comments made by users of each medium are listed in Appendix D, Table 

D-62. 

 

G. Conflicts of knowledge 

 

Participants were asked to identify where conflicts of knowledge arose for them 

during the learning journey. For the purposes of this study, a conflict of knowledge is 

defined as occurring when the participant perceives information presented is 

contrary to their existing understanding or knowledge of Alexandria. About one-

third of participants’ knowledge conflicted with their module’s content; 65 did not. 

Appendix D, Table D-63 refers. Comments accompanying ‘Yes’ responses were of 

four types: 

 

1. assumptions or misconceptions 

2. contesting of facts presented 

3. observations/critical analyses of the module’s text or content 

4. other: surprise reaction to information presented. 

 

Responses accompanying ‘Yes’ responses against categories 1 to 4 and notable ‘No’ 

responses are listed in Appendix D, Table D-64. 

 

H. Important facts 

 

Eighty-seven participants placed importance on particular facts. Facts reported as 

important covered the full spectrum of the topic: people, places, artefacts and issues; 

no particular emphasis was given to any one of these areas. Seven participants 

placed no particular importance on any facts encountered in the module. Learners’ 



Chapter 6: Experiment Results and Findings 
 
 

 
 6-51 
 

importance placed on particular facts encountered in the module is shown in 

Appendix D, Table D-65. 

 

I. Meaning attached to facts 

 

Seventy-two participants reported attaching meanings to facts, and 24 did not. 

Appendix D, Table D-66 refers. Internet users attached meaning to facts most, and 

book and VR users less, however the numbers of users were about the same and in 

the majority. Approximately one-third of book and VR users did not attach 

meanings. Participants’ ‘Yes’ responses featured observations (n = 27), items of note 

(n = 10), and deductions and conclusions (n = 3).  

 

J. Understanding of the topic through linking isolated facts 

 

Seventy-three participants linked isolated facts to achieve understanding of the topic. 

Twenty-one did not; and Other n = 2. Participants linked isolated facts to achieve 

understanding of the topic. For example, coinage and the economy. Appendix D, 

Table D-67 refers. Participants’ linking of isolated facts fell into 6 groups. 

Appendix D, Table D-68 refers. 

 

K. Facts grouped to achieve understanding 

 

Seventy participants grouped facts to achieve understanding of the topic. The facts 

combined were diverse, most covering the range of sub-topics: people, places, issues, 

events and concepts. For example, buildings and the layout of the streets. Four did 

not commit to either a ‘Yes’ or ‘No’ response. Twenty-two participants did not group 

facts. Appendix D, Tables 6-69 and 6-70 refer. 

 

L. Facts which had the greatest impact  

 

Eighty-six participants provided comments on facts that had the greatest impact on 

them (for example, Cleopatra’s impact on economic matters) and also general 
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comments. Once again, the responses covered the full spectrum of the topic, 

spanning people, places, artefacts and issues, with no particular emphasis on any one 

of these. The impact was made through either text/audio, visual cues or both in 

combination. Ten participants said no facts had a great impact on them. Appendix D, 

Table D-71 refers. The categories or form of facts that impacted on participants are 

listed in Appendix D, Table D-72. 

 

M. Remembering and recalling facts: causes and aids  

 

Participants recalled knowledge gained through their learning medium through a 

range of techniques. The reason most cited by all three user groups as assisting recall 

was general interest. Twice as many book learners were represented as internet and 

VR system users. Making notes assisted book (n = 2) and internet (n = 3) users’ recall 

of facts. Sensory factors, in particular pictures (book users, n = 3) and audio (VR 

users, n = 4) also assisted recall, more than other strategies and aids. Appendix D, 

Table D-73 lists the aids and techniques used most frequently by users. 

 

Summary 

 

In this study, learning improvement was seen as occurring when learning results 

were achieved without psychological expectations and physical needs being given 

up. Overall then, it cannot be said that adults learn better in a virtual reality 

environment than a book or internet. And conversely, from the results of this study it 

cannot be said that either of the other two media are better either. A high score in 

knowledge change (gain) alone is not evidence of ‘better learning’. 

 

A statistically significant effect found was that learning media had no effect on 

learners’ learning. It is sufficient to say that learners will adapt to a learning medium 

even when it is not their preferred choice. That learners in the three treatments 

experienced differing learning results, and that these fell into layers by media type 

(refer Figure 6.2) is a comment on the ease with which a given medium could be used 

by its learners, the manner in which information was organised and presented to the 
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them by it, and the media satisfying both the psychological expectations and physical 

needs of a majority of their users (learners).  Issues such as navigation, content 

choice, layout, sensory stimulation, interaction, orientation, control, ergonomic 

design, learning climate are all important for producing a quality learning 

environment and were noted and commented on by learners, but at the end of the 

learning journey, which system is ‘better’ is determined by the learner, not the 

educator. 

 
 
Research Question 4: Learning style 

 
Which adult learning style types perform best with each learning 
technology? 

 
 
Learners stand to encounter many obstacles to their learning when combining a self 

directed learning strategy with a technology that promises to optimise their learning 

efforts. Two main obstacles are their own complexity (that is, how they learn 

individually) and their expectations of technologies (which range from the 

achievable to the impossible). Kolb quantified learners, streaming them into four 

categories, each with predictable psychological learning behaviours. The names he 

used describe the personalities of the learner types as much as their learning habits: 

Divergers, Assimilators, Convergers, Accommodators. 

 

Learning style type difference was seen by the researcher as a potentially major 

variable for this study. Hence the study sample had to have equal numbers of each 

learning type using each of the three learning systems. With equal numbers of each 

learning style type in each media group, the learning results yielded were similar, 

with variations between media being attributable to differences in individuals, any 

number and combination of research variables, the characteristics of the learning 

media and learners’ capacity to use them effectively. 

 

Media was held as a constant, and the learning style type predictable and also 

relatively constant. What remains is a key question for this study: which learning 

style types perform best with each of the learning technologies used in this study. 
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The quantitative data results reported in Research Question 3 are again used to 

investigate this research question. 

 

QUANTITIVE DATA RESULTS 
 

The means, as displayed in Figure 6.2, show that the greatest New Knowledge was 

gained by Converger and Accommodator learner types, and least by Diverger and 

Assimilator learner types. Learning among Accommodator learner types was 

average, for this sample, and fell between those of the three other groups. 

 

The hierarchy of most to least learning of learning types using the Book and Virtual 

Reality mediums was: Convergers, Accommodators, Divergers then Assimilators. 

The hierarchy of internet medium learners was: Convergers, Assimilators, 

Accommodators then Divergers. Accommodators were only marginally ahead of 

Divergers in their estimated marginal mean (refer Figure 6.2). 

 

Convergers learned more than other learning style types, and Accommodators 

learned the next most. Assimilators’ range of learning varied most across the three 

media. Convergers’ and Accommodators’ book and internet users’ learning scores 

were relatively similar. Divergers using the book and virtual reality media learned 

more than Assimilators - who learned least using book and virtual reality media. 

 

The hierarchy of learning achievement (highest to lowest scores) by learning style 

types was:  

 

Convergers (internet), 

Convergers (book), 

Assimilators (internet), 

Accommodators (internet), 

Divergers (internet), 

Accommodators (book), 

Divergers (book), 
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Assimilators (book), 

Convergers (virtual reality), 

Accommodators (virtual reality), 

Divergers (virtual reality), 

Assimilators (virtual reality). 

 

The quantitative results were not statistically significant. 

 

 

QUALITATIVE DATA RESULTS 
 

A. Media choices 

 

Twenty-eight participants reported preferring to learn through a book. The 

remaining 68 preferred one or more other media or sensory devices. Participants’ 

preferred medium/media to learn with are summarised in Appendix D, Table D-74. 

 

A marginal majority of participants (n = 36) reported that they were assigned to a 

medium not preferred by them for learning. Their responses are summarised in 

Table 6-5 and their reasons underpinning these responses are listed in Appendix D, 

Table D-75. 

 

Table 6-5: Assignment to preferred learning medium 
 

Response G1 G2 G3 
Yes 20 15 10 
No 5 14 17 
Conditional 5 2 3 
Non-committal 2 1 2 

 
 
It was not uncommon during the testing process for participants to announce they 

had an expectation to be assigned a learning medium other than the one they were 

given, and conversely, delight at the one they were assigned to. For some the 

expectation did cause disappointment on a personal level. However, none were 
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forced to use a medium that would be unsafe for them. And no participants firmly 

objected to using the medium they were assigned to. Given equal numbers of learner 

types were assigned to each learning medium, and that G1 had 20 positive responses 

and G3 17 negative responses and G2 was in between the two in both, the satisfaction 

levels of each of the learning style types is estimated quantitatively as average to low. 

Keeping in mind that non-preferred does not equal dissatisfied, nor does preferred 

equal satisfied. 

 

The impact that using a medium that may or may not have been preferable for a 

learner had on their comfort and learning efficiency in this study’s experiment is 

discussed briefly in section 6.3. 

 

B. Timings: learning journey tour  

 

Twenty-six book users, 27 internet users and all 32 virtual reality learning system 

users, took the maximum 30 minutes allowed for the learning journey. Participants 

were neither expected to complete their interaction with all the information 

contained within their assigned learning medium nor rushed in their learning 

journey, but were aware that for data collection purposes a maximum 30 minutes 

only was allowed for the learning journey. Appendix D, Table D-56 lists the timings 

of each treatment. 

 

Summary 

 

This study found that Convergers featured highest of the four learning style types in 

their learning with all three learning media. Of the four learning style types, 

characterised as task orientated, they are the most self-driven learners. In the 

experiment, Convergers displayed a capacity to commit themselves to each of the 

learning media and the research purpose, equally.  Conversely, Assimilators fared 

less successfully. Again, true to character, a number of Assimilators struggled with 

learning technology choice. Assimilators were second to Convergers in their 

achievement with the internet learning system. Accommodators, being extrovert and 
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people orientated, generally approached the ‘task’ with enthusiasm and for them, 

nothing was a problem that couldn’t be overcome. Accommodators were ranked 

second in their learning gain in book and virtual reality media groups. Divergers 

featured low within each medium group. Having choice in when to terminate a 

learning journey was welcomed by all participants. 

 

Summary of findings for Goal 1 
 

In the analysis of data, intuitive and creative associations have been made between 

sets to capture the essence of what participants were conveying in discussion after 

their learning journeys. Learners were organised into three media treatment groups. 

Each group contained an equal numbers of participants from each of the four Kolb 

learning style types. With some equality in the treatment groups’ profile – a major 

one being learner style type – and approximate similarity in a range of variables, 

their reported experiences were similar in personal wants and satisfaction with their 

assigned learning medium but different in their learning scores. 

 

Quantitative analyses showed that media had no effect on learning. Learners had 

learned for a range of reasons. An investigation of the causes reaffirmed the findings 

in the literature: that no one learning system is capable of meeting all learners’ needs. 

 

Goal 1 set out to investigate male adult learners’ performance with three learning 

media, in a three-way comparison. Participants’ learning environment, support 

requirements, learning performance and learning style types were compared. 

 

Four research questions addressed this problem: 

 

Research Question 1: Environment 

Research Question 2: Support Self-Directed Learning 

Research Question 3: Learning 

Research Question 4: Learning style 

 



Chapter 6: Experiment Results and Findings 
 
 

 
 6-58 
 

The summary findings from each question were as follows. 

 

Environment – VR provides adults with an adult learning world 

 

Participants held many and different learning media preferences. A large majority of 

participants were satisfied with the learning environment provided them by the 

researcher. Most participants in all three treatments were satisfied with the adult 

learning environment concepts self-concept, experience and motivation. 

 

Support SDL – VR supports adults’ self-directed learning 

 

Learners’ needs, expectations and experiences were much the same.  They wanted 

environments that met their personal expectations. Most learners indicated positive 

feelings about their self-directed learning experience and the support they received 

in that. The three learning media user groups were comparable. Weaknesses 

identified by learners in the three media were: limited scope of information (a 

research design trade-off) and the organisation of the information. 

 

Each medium was capable of supporting adult self-directed learning to a standard 

acceptable to learners. None of the three media could be said to be better in 

supporting adult self-directed learning that the other two.  

 

Learning – a VR environment better than books or the internet 

 

It cannot be said that adults learned better in this study’s virtual reality environment 

than in its book or internet environments. But neither could it be said that either of 

the other two media are better environments than VR. A high score in knowledge 

change (gain) alone is not evidence of ‘better learning’.  

 

This study found empirically that learning media had no effect on learners’ learning. 

That learners in the three treatments experienced differing learning scores which fell 

into layers by media type is a comment on the ease with which a medium was able to 
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be used by its learners and its suitability in information organisation and 

presentation to the learner. Media satisfying both the psychological expectations and 

physical needs of users (learners) are preferable and can only enhance learning 

achievement. Which system is ‘better’ is matter best determined by the learner. 

 

Learning style – which performs best with each learning technology 

 

Equal numbers of learner types were assigned to each learning medium. 

Participants’ expectation to be assigned a learning medium of choice did not 

confound the results of this study, but it may have impacted on their potential 

learning achievement.  

 

Convergers learned the most in all three media. They are characterised as being task 

orientated and are the most self-driven. Accommodators ranked second with book 

and virtual reality media and third with the internet. Divergers rated low in all three 

media. Assimilators ranked second with the internet, and last with book and virtual 

reality learning systems.  

 

Having choice in when to terminate a learning journey was welcomed by all 

participants, but for many VR learners that were forced to end their journey at 30 

minutes, this was an unfortunate climax to an enjoyable and productive excursion. 

 

Conclusion 

 

Each Kolb learning style type responded differently to but in character with their 

assigned learning medium. Extrovert, task-oriented learners learned more through 

each medium than introverted and people-oriented learners.  

 

Sub-section 6.2.2 reports the results and findings of Research Goal 2, by learning 

style type, of the VR learning system treatment (cells 9-12). 
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6.2.2  Research Goal 2 - Kolb learning style types and VR Learning 
 
 
The self-directed learning experiment participants were organised into 12 cells of 

eight participants, determined by the intersection of the study’s two independent 

variables: learning medium and learning style type. For data control purposes, 

participants in cells 9 – 12 were coded E65 to E96. 

 

Following the larger question of this study: ‘Can an adult learn in an adult way in a 

virtual reality environment?’, Research Goal 2 investigated six dimensions of 

learning experienced by the Kolb learning style types inhabiting cells 9 to 12. 

 

The data available for this study to test Goal 2 (VR system learners) research 

questions reports the experiences of 32 adult males only. As the study’s four learner 

types were in groups of eight, the findings drawn from this small data sample are 

indicative only and suggestive of trends that users of this study could reasonably 

expect to find. 

 

All users had used a book, many had used the internet, and none had used a VR 

learning system prior to their participation in this study. With the purpose of 

developing a VRSDL learning model, this sub-section examines data collected on 

learners in cells 9 –12 that used the virtual reality system, through six research 

questions. 

 
 
Research Question 1: Adult Learning 
 

Which adult learning principles is VR technology capable of 
supporting? 

 
 
This question investigated whether VR technology was capable of providing adult 

learners with the support they required to learn. Knowles’ (1990) principles of adult 

learning that were investigated are listed in Figure 6.3: 
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Figure 6.3: Knowles’ principles of adult learning 
 

 
Item 

Principle  
Item 

sub-principle 
1.0 Need to know 1.1 • why need to know? 

  1.2 • invest energy? 
  1.3 • discover gaps? 

2.0 Self-concept 2.1 • being responsible? 
  2.2 • treatment? 
  2.3 • imposing wills? 

3.0 Experience 3.1 • entry experience? 
  3.2 • tapping into experience? 
  3.3 • closing your mind? 
  3.4 • devalued or ignored? 

4.0 Readiness to Learn 4.1 • learning to cope with real-life situations? 
  4.2 • moving ... developmental? 

5.0 Orientation to learning 5.1 • life-centres etc? 
  5.2 • devote energy to learn? 
  5.3 • learn in context? 

6.0 Motivation 6.1 • external motivators? 
  6.2 • internal motivators? 
  6.3 • if ‘NO’ ... blocked? 

 
 
A. Adult learning principles 

 

Against Knowles’ learning assumptions, VR system users were asked to report their 

views of their learning experience. Appendix D, Table D-11 refers. 

 

Need to Know 

A majority of Assimilators, half the Divergers and only two Accommodators and one 

Converger had a need to know why they needed to learn about Alexandria. All 

Accommodators and a majority of other learner style types were not concerned with 

investing energy in learning about Alexandria. A majority of all learning style types 

were not concerned with discovering gaps in their knowledge of Alexandria. 

 

Self Concept 

Almost all learners felt responsible for their learning. All Accommodators, almost all 

Divergers and Assimilators and a majority of Convergers felt they were treated 

appropriately during the study. Two Assimilators and one Diverger indicated they 

felt their wills were being imposed upon. These responses were given by learners 
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that either felt they had no say in the choice of topic to be learned or the VR 

technology constrained their exploration choices. 

 

Experience 

A majority of Assimilators and Divergers, half the Convergers and a minority of 

Accommodators felt the study tapped into their experience. All Divergers and 

Convergers and a majority of Assimilators and Accommodators indicated they did 

not find themselves closing their minds during this study. No Divergers and 

Convergers and almost no Assimilators or Accommodators felt devalued or ignored 

in this study. The two that did indicated they felt this when the system either failed 

to provide them with information they sought, or permit them access to a part of the 

virtual world that they wanted to tour – ie that area outside the border of the VR 

world. 

 

Readiness to Learn 

A minority of learners reported that the learning journey assisted them to cope with 

real-life situations - Divergers reporting highest (n = 3) and Accommodators and 

Assimilators the lowest (n = 1 each). A majority of Divergers and half the Convergers 

and Accommodators felt the learning they achieved was developmental. A majority 

of Assimilators (n = 6) did not. 

 

Orientation to learning 

A majority of Convergers and Accommodators, half the Divergers and a minority of 

Assimilators (n = 2) perceived the learning journey as being life-centred. A majority 

of Divergers (n = 6) and a minority of each of the other learning style types reported 

they devoted energy to learn.  A majority of Accommodators (n = 5) and a minority 

of Divergers, Assimilators and Convergers reported they learned in context. 

 

Motivation 

All Divergers, most Assimilators and Accommodators and a majority of Convergers 

(n = 6) reported they responded to external motivators when learning in this study. 
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All Divergers, Convergers and Accommodators, and almost all Assimilators reported 

they responded to internal motivators. 

 

Summary 

 

So, overall results suggest that virtual reality technology is capable of supporting all 

Knowles’ adult learning principles. Whereas a majority of learners were positive 

about their learning experience, negative, resistant comments were gleaned from 

some Divergers and Assimilators. Another result, and one that may be unique to this 

sample of males or to males generally, and which has implications for effective 

learning, was that a minority of Accommodators, Assimilators and Convergers 

reported devoting energy to learning. These learners could either be saying the 

system was easy to use and they found no need to exert themselves, or conversely 

that they elected to not apply themselves to learning. As a self-directed VR learning 

system requires its users to ‘drive’ it, this matter is worth clarifying. 

 
 
Research Question 2: Support 
 

Which environmental conditions do adult learners need for a virtual 
reality learning event to be suitable to them? 

 
 
The adult learning environment that participants experienced in this study was 

embedded within an experiment conducted in a laboratory-type setting. Participants 

were asked to comment on the learning journey and their satisfaction with the 

research process as a whole.  

 

Participants’ provided comments on the VR world at three levels: the visual and 

aural VR world environment, technological factors and design factors. Several 

participants made comments that directly contradicted others’. 
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A. The research environment  

 

Participants’ learning journey was embedded within the research process. In the 

researcher’s view, in order for the learning journey to be successful for participants, 

the research process should both set the tone for the learning journey and also be 

seamless and non-invasive. A majority of, but not all, participants indicated 

enjoyment and satisfaction with the process and conduct. Comments and aspects of 

the research process of particular importance to participants included: “Interested, 

exciting, actively participating. Good. As if my experience were valued” (Diverger, 

E70) and “Not threatening or overwhelming” (Assimilator, E78). Views counter to 

these were: “Felt held back by the technology. Felt it was passive - all set up for me - 

eg clicked on an audio file, interacted at a surface but not deep level” (Assimilator, 

E74) and “The VR content may be handicapped by system limitations as presented” 

(Converger, E84). 

 

An example of the researchers’ treatment of participants and endeavours to ensure 

participants were at all times informed of steps in the research process, was reflected 

in the view of one Converger (E86) who remarked: “liked time spent on explaining 

the research.” 

 

B. The VR world learning design  

 

The virtual world learning environment design was based on ‘an acceptable norm’, 

as determined by the researcher. The researcher intended that information in the 

virtual reality world be presented in a manner befitting that technology and not 

simulate presentation formats of a book or internet technologies. Acknowledging 

that one identical set of information had to be presented in the VR world, a book and 

the internet modules, the researcher made several trade-offs on what information 

would be included, and how it would be presented in the VR world. 

 

Not all participants were satisfied with the virtual world design parameters. The 

design attracted many differing comments. A majority of comments focussed on the 
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issues of realism, ease with which the technology was or was not used, navigation, 

orientation, immersive factors (eg ambient sounds), and presence. Other comments 

included: the context of learning (ie adult learning), the application of this 

environment in education generally, the notion of self-directed learning, intuitive 

learning, control over the learning environment, enhancements to the environment, 

and various frustrations – mostly with the performance of the software generating 

the VR world. 

 

Participants’ comments, observations and suggestions about the learning design 

varied in their optimism and insights. For example: 

 
Divergers 
• I would be hesitant about giving adults too much latitude to learn through self-

direction eg like a supermarket … having the ability to make those decisions. 
E68 

• Thought the self-directedness a good idea. E72 
 
Assimilator 
• Knowing where to go ... a bit involved. E73 
 
Convergers 
• Frustration at having to come out (of VR) with a huge amount still to see.  E82 
• Instinctual movements conflicted with the HMD technology.  
• Got an opportunity to shut out the outside world; felt like I was really in it. 

E83 

 
Accommodators 
• Software was very self-directed. Could go anywhere and click on whatever you 

wanted to learn about. 
E91 

• Self-directed learning is not something I would want an entire course based on. I would 
want some direction. 

E96 

 
Divergers were generally not as receptive to learning in a VR world as the other three 

learning style types. 

 

A comment mixing the issues of navigation and immersion, was: 

 

‘Wanted to stay stationary - instinctual movements conflicted with the HMD 

technology. Got an opportunity to shut out the outside world; felt like I was 

really in it.’ (Converger, E83) 
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C. An Adult Learning Climate  

 

An adult learning climate is an important part of the learning environment. It 

encompasses how the learner feels he or she is being treated as a person. At the 

conclusion of the experiment, to determine whether participants felt they were 

supported in their VR learning journey, against Knowles’ learning assumptions, 

participants were asked their views on their learning experience. A majority of 

learners commented favourably on their treatment and support. Almost all felt that 

they were responsible for their learning. A majority of Divergers and Assimilators 

felt the learning journey tapped into their experience, a majority of Divergers felt 

they needed to devote energy to learn, and a majority of Accommodators felt a need 

to learn in context. Participants’ responses are summarised in Appendix D, 

Table D-76. 

 

D. Reactions to the environment  

 

Participants reported dissatisfaction with several aspects of the VR environment’s 

design and their control needs. For example: 

 
Assimilators 
• Learned to combat the deficiencies. E74 
• had an expectation… wander, follow… because it is a computer. E76 
 
Converger 
• A lot of walking and not finding. Did not have a goal. E81 
 
Accommodator 
• Expected to see activity ...blankness caused 'not look into' after a while. E90 
 
 
E. The researcher’s observations  

 

Before beginning the learning journey, participants were each given an appropriate 

period of time to gain familiarity with the VR system’s navigation tools on a 

demonstration VR world. Participants took on average five minutes to achieve 

mastery of the VR system’s controls. Most VR participants, within the constraints of 

the VR system, toured with relative ease. During the experiment, the researcher 
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observed one Assimilator (E79) experiencing problems with co-ordinating the mouse 

and HMD navigation devices.  

 

An Accommodator (E91) reported experiencing minor nausea. He indicated at the 

close of the experiment that he missed 11am lunch and thought this the cause of his 

nausea. It should be noted also that he was fasting for Ramadan. This was a factor 

not known to the researcher when the participant began the experiment. 

 

F. Likes and dislikes of the VR learning system  

 

A majority of participants were unfamiliar with VR technology to learn with. A 

majority indicated they would use it to learn with, mostly in conjunction with other 

learning media.  

 

Broadly, the features liked by most participants were: 

 

• ease of use 

• feeling ‘there’ 

• engagement with it - presence 

• visual impact 

• multisensory presentation 

• flexibility 

• control 

 

In more detail, the types of features of the VR system and of the learning design that 

the four learning style types did or did not like were: 

 
Divergers 
• You are too dedicated to the medium ie reading a book you can look around/away, 

but not in this. 
E68 

• I would like to look at the words as well as hear them. E69 
• I like it because it's under your own control. Learning at your own pace. E71 
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Assimilators 
• Need to get familiar with the technology. E76 
• Gave a good idea of the city layout and gets you involved in the feeling like you're in 

the city … but possible disorientation of "where am I?". 
E77 

• a time-consuming way of finding the same information that can be read from a book. E79 
 
Convergers 
• Freedom to explore. Spatial relationship from physically walking through very much 

compelling. 
E82 

• Gave sense of environment as well as topic. E83 
• An entertaining experience and think it's an important part of learning. E86 
• Could tour AND listen and increase the amount of information being taken in  E88 
 
Accommodators 
• to tell stories. A strong way for showing spatial layout. Having to click and manoeuvre 

to get info without working for it was preferable. 
E90 

• Don't like VR display (do like 2D flat-screen). E91 
• I really liked it because it can give you n impression of the city you can't get through 

using a LOT of other materials. 
E93 

• a more evocative environment, more interesting and more intrinsic because of that. E96 
 
Divergers and Assimilators were generally more critical of features of the VR 

learning system than Convergers and Accommodators. 

 

G. The learning medium’s strengths  

 

Participants’ perceptions of the VR system’s strengths were, for example: 

 
Divergers 
• Definitely its (sic) 'you're very involved in it', very one-on-one and individual, and 

where I can learn the most. 
E67 

• Visual and audio triggers to memories eg it's easier to remember the face and then the 
name. Feeling of 'actively' learning as if it is 'life experience' and not just book learning. 

E70 

• It's all-encompassing, most of your senses are being used. E72 
 
Assimilators 
• You get to choose what you want to learn and delve into it. E78 
• The ability to go from sound to sight or to merge them eg Library: select scrolls and 

relate their content to the map on the Library wall. 
E80 

 
Convergers 
• You're the driver E81 
• Keeps you interested and learning. The time flys. Accumulate knowledge without 

realising it. 
E85 

• Mimics a real experience. E86 
• Can go back and listen again. E88 
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Accommodators 
• It can engage and excite and motivate and convey non-verbal concepts, and be non-

didactic and memorable. 
E90 

• Because it's an experience, it's engaging. E95 
• Presenting the visual information: layout, size; also a peg to hang the aural information 

on and therefore easier to absorb the information. 
E96 

 
Participants’ views of the VR system conflicted at times. For example, Diverger E68 

believed the system to be “Quite passive. It all happens. You don't have to engage 

with it. It is very much brought to you. Click on a button and relax”, Accommodator 

E93 thought the opposite, saying “You can access and take in information quickly 

because visually its just there. There is an immediacy about it. It's very interactive.” 

 

H. Shortfalls with the learning environment  

 

Several features of the VR environment were less-liked. Several participants offered 

suggestions for improving these. 

 
Divergers 
• That it's new technology. Need time to acquaint yourself with it to get the most out of 

it. 
E67 

• It's not like it has an index; easy to get side-tracked. E70 
 
Assimilators 
• Can't jot down notes. Can't wander about with a piece of paper. E76 
• May take time to find the information you're after. E77 
• Getting lost. E78 
 
Convergers 
• You have to lead yourself. E83 
• It may take a lot longer to learn specifics and details - than say the Internet. E85 
• No hard copy. Need to remember information and can't take notes.  E88 
 
Accommodators 
• Couldn't sit at it for hours on end, but if learning is maximised that wouldn't happen.  E89 
• Physical discomfort especially with time, interface design, content design.  E90 
 
One Diverger (E69) cautioned: “(there is) A danger that the environment will distract 

from the message you are trying to impart to people.” 

 



Chapter 6: Experiment Results and Findings 
 
 

 
 6-70 
 

Summary 

 

Learners expressed the need for a number of environmental conditions for a VR 

learning event to be suitable to them, and generally expressed satisfaction with the 

learning environment that was created for them in this study. The study’s strategy 

included orientation and pre-practice with the VR system’s navigation tools and was 

purposely designed with the learner’s needs in mind. Learners’ suggestions for 

improvements in aspects of the VR technology such as frame rate, and for others a 

different information dissemination strategy, are acknowledged as problematic for 

this study. A reality for this study’s experiment was that one system design had to be 

used by all learners and catering for a variety of individual needs was not feasible.  

 

Particular mention was made of the visual and aural VR world environment, 

technological factors and design factors and the learning environment. The VR 

system’s ‘machinery’ attracted minor but valid criticisms, whilst almost no criticisms 

were made of the synthetic VR world environment toured. These results suggest that 

for most participants, the environment created for this study contained the 

conditions they required for learning with VR technology. 

 
 
Research Question 3: Learning system  
 

Which aspects of a virtual reality learning system enhance the 
transfer of information to an adult learner? 

 
 
VR systems possess a unique set of characteristics which enable them to transfer 

information differently than other learning media. The effective transfer of 

information from a learning system to a learner is contingent on encountering 

minimal obstacles during the transfer. This study sought to identify which aspects of 

a VR learning system enhanced the transfer of information to adult learners. 

 

From the literature, the researcher recognised the importance that a sound VR 

system design played in optimising learning in a VR world. Learners’ satisfaction 

with a VR system and environment was measured in research question 2. The 
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appropriateness of a given environment for facilitating efficient learning was 

ascertained as being contingent on three factors: the learning environment, the 

system’s design features (curriculum choice, structure and presentation), and VR 

design (display, multisensory features, triggers). 

 

In a learning environment, it has been found that learners want: 

• convenience 

• topic information presented and formatted to their needs 

• choice and depth of information in the curriculum 

• ease of system use. 

 

The VR system and the learning environment offered were designed around these 

requirements. However, learners are individuals. What is acceptable to one can be 

unacceptable to another. Kolb learning style types showed they differed in their 

needs and expectations of the VR learning system. Similarly, their perceptions of its 

strengths and weaknesses as well as their likes and dislikes of it did vary, with 

contradictions of view occurring within and across learning style types (for example, 

Accommodators and Convergers often having opposing views). 

 

A. VR’s strengths in transferring information  

 

VR systems’ learners’ perceived a variety of strengths in this medium for enhancing 

the transfer of information. For example:  

 
Divergers 
• You're very involved in it, very one-on-one and individual E67 
• Visual and audio triggers to memories. Feeling of 'actively' learning as if it is 'life 

experience'. 
E70 

 
Assimilators 
• Gave a good view of the architecture (more than a book could). E73 
• It is both visual and audio. The same image displayed to all users. E76 
• It could give you a sense of dimension, layout. E79 
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Convergers 
• Keeps you interested and learning. The time flys (sic). Accumulate knowledge without 

realising it. 
E85 

• Can go back and listen again. E88 
 
Accommodators 
• Facilitates enjoying learning; Presents a format and good visual representation. E89 
• It can engage and excite and motivate and convey non-verbal concepts, and be non-

didactic and memorable. 
E90 

• Access and take in information quickly because visually it's just there. There is an 
immediacy about it. It's very interactive. 

E93 

• It's an experience, it's engaging. E95 
• Presenting the visual information: layout, size; also a peg to hang the aural information 

on and therefore easier to absorb the information. 
E96 

 
 

B. Recalling and remembering facts  

 

Techniques used most by the four learning style types to aid their learning were 

interest, walking around and audio. None of the four learning style types favored 

any one technique ahead of any other. Techniques less used included: colour in the 

story, visual recall, visualise the route, mentally playing back what was heard 

(reference to audio files played in the virtual world), sensory. Appendix D, 

Table D-77 refers. 

 

C. Satisfaction with the research process and conduct  

 

A majority of participants indicated enjoyment and satisfaction with the process and 

conduct of the experiment. For example: A Diverger (E70) found the process 

“Interested, exciting, actively participating. Good. As if my experience were valued.” 

Two Assimilators (E76 and E78) respectively found it: “Excellent. Good experience 

and enjoyed wandering through Alexandria.” and “Not threatening or 

overwhelming.” Curiously, one Converger (E81) remarked: “If post-test known, 

would have aimed to learn more.” These comments point significantly to the 

presence of an environment that, through being positive and non-threatening, assists 

learning transfer. 
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D. An appropriate learning design  

 

Participants, for example, Convergers E86 and E88 respectively “Liked being able to 

select trigger object and move on” and found “Overall it was a positive experience” 

Similarly, Accommodator (E91) found the design “Very good. Software was very 

self-directed. Could go anywhere and click on whatever you wanted to learn about”. 

Each reflected on the contribution that learning designs make to enhancing the 

transfer of information. Not unreasonably, a Diverger (E68) remarked also that “I 

would be hesitant about giving adults too much latitude to learn through self-

direction eg like a supermarket … having the ability to make those decisions.” An 

Accommodator (E93) remarked “I think the self-directed part is very important. 

User-friendly. Idea is sound.” And a Converger (E85) said he “Liked it - would have 

liked to look up and around the buildings.” Learners held many views of what is 

appropriate and necessary in designs. 

 

E. Understanding of the topic through linking isolated facts  

 

Another perspective on enhancing learning has to do with information organisation. 

The curriculum for this study was organised as a mind-map. That is, the module’s 

facts had a mostly non-linear relationship. A majority of VR learners (n = 24) chose to 

link isolated facts to achieve understanding of the topic:  all Accommodators (n = 8), 

most Divergers (n = 7), a majority of Convergers (n = 5) and half the Assimilators 

(n = 4). 

 

Examples of the isolated facts linked include: 

 
• Sound files in Library linked with visual/geographic touring eg trade and visit to 

harbour, linked. Also trade and collecting of literature. (Assimilator, E80) 
• Selected obelisks and listened to stories of the buildings. … I didn't find the scrolls in the 

Library. (Accommodator, E90) 
• The historical concept, and geographical through wandering through the city and noting 

the various buildings in the city. (Accommodator, E94) 
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F. Facts which had the greatest impact 

 

When a fact makes an impact on a leaner it is more memorable. Twenty-nine 

participants commented on facts in the module that had an impact on them. All 

Divergers and Convergers, most Accommodators (n = 7) and a majority of 

Assimilators (n = 6) reported facts in the module having a great impact on them. 

Three participants said none did. Their responses covered the full spectrum of facts 

in the module: people, places, artefacts and issues, with no particular emphasis on 

any one of these. The impact was made through either text/audio, visual cues or 

both in combination. 

 

Examples of facts that had an impact on learners are: 

 
• The story of Cleopatra – including funny things. (Diverger, E66) 
• The glass coffin captured my imagination. (Accommodator, E90) 
• The visual information! The sheer scale of the city - size and skill of the engineers. 

(Accommodator, E96) 
 

 

G. Participants’ views of their learning media  

 

Some learners held personal preferences for VR learning system displays and 

functioning. For example: 

 
Diverger 
• it's under your own control. Learning at your own pace. E71 
 
Assimilators 
• gets you involved in the feeling like you're in the city. E77 
• Found it interesting to actually go around the place - to see the people and buildings. 

(Interacted with Welcome and Scholar figures). 
E78 

 
Convergers 
• Like going to a certain area to learn, see and hear about it - eg architecture.  
• Different voices was good - interest. 

E85 

• Could tour AND listen and increase the amount of information being taken in BUT 
could also be distracting. 

E88 
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Accommodators 
• I really liked it because it can give you (a)n impression of the city you can't get through 

using a LOT of other materials, but not a 'dump'. 
E93 

• Flexibility (unlike a web); no sequencing (liked).  E94 
• It helped create a more evocative environment, more interesting and more intrinsic 

because of that. 
E96 

 
The enthusiasm shown by a majority of participants for learning through the VR 

system was summed up aptly by Converger E82 who said:  “Freedom to explore. 

Spatial relationship from physically walking through (is) very much compelling.” 

 

A majority of learners were positive in their comments about the VR learning system. 

Divergers, whilst positive, were more forthcoming than the other three learning style 

types in pointing out their perceptions of the system’s shortfalls and features that 

they did and did not like about it. 

 

Summary 

 

It was found that learners relied on a range of conditions and factors to enhance 

learning during their VR learning journey: recall techniques, achieving learning 

process satisfaction, working with the learning design suitability, linking facts, 

encountering memorable facts, operating the medium to tour the VR world at will. 

 

Some of these dimensions were beyond the learner’s ability to control or change 

them to enhance their learning, but where learners took a positive approach to these 

dimensions, they appeared more content and satisfied with their learning journey.  

 
 
Research Question 4: Technological factors 
 

Which technological factors affect the transferring of information to 
adult learners? 

 
 
When information is transferred to humans through an electronic source, 

technological factors associated with the source may affect the quality and efficiency 

with which the information is transferred. VR participants were surveyed for their 
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views on technological factors that affected the transferring of information to them 

by this medium. 

 

Technological factors, affecting the transfer of information, occurred at two major 

levels in this study: 

 

• The physical technology - system hardware and peripherals: system 

speed (cursor manipulation and manoeuvering - control and speed; 

quality of visual display (pixel) and audio files; HMD (fitness for use for 

learning in a VR world); and 

 

• The virtual world display – software related responses: visual and audio 

representations; choice and appropriateness of sound files; image refresh 

rate; avatar speed; . 

 

Additional dimensions such as learners’ psychological satisfaction with the ‘realness’ 

of the virtual world and the curriculum design features within the VR world (for 

example, the arrangement and display of information, virtual world information 

triggers, the unstructured ordering of information), are integral by-products that 

enable the virtual reality technologies are included in this examination as they are 

sufficiently related to technological factors. 

 

A. VR World realities 

 

The VR learning system in this study comprised computing hardware and devices 

supported by software that enabled VR travelers to navigate through the VR world 

generated with WorldUp software. Participants’ receiving information from the VR 

learning system was contingent on the VR system’s technical components (hardware 

and software) performing to their optimum efficiency - as judged by its users. 
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The participants provided a limited number, but varying range of responses that 

described technology-related characteristics that affected the transfer of information. 

For example:  

 
Diverger 
• head turning E72 
 
Assimilator 
• A lot of effort to become competent in moving around, activating. E73 
 
Convergers 
• performance not seamless.  E81 
• Audio in competition with the visuals but also reinforced each other. E82 
• Want of control over figures' monologues. E86 
 
Accommodator 
• Physical discomfort ... (with) interface design, content design.  E90 
 

 

In addition to these comments, two comments that participants made most often that 

related to technical aspects of the VR system were: the VR system’s speed and 

difficulties they had navigating through the virtual world.  

 

Unknown to most participants, nausea is a major issue in VR environment design. 

Knowing that, the researcher purposely designed a nausea-free VR system, resolving 

the problem in the design stages of the study, before the pilot and the experiment. In 

the experiment, most VR learners used that system for the full 30 minutes, and in the 

pilot for an unlimited time, and none experienced nausea from the VR system 

throughout their learning journey. 

 

To achieve this outcome the researcher traded off participants’ forward movement 

speed (refresh rate), setting it to the equivalent of walking pace at best. In areas of the 

VR world that were densely populated with objects, the system’s refresh rate slowed 

and movement became sluggish. Hence participants’ comments that the system – in 

spaces with high object density – were slow, are correct. However, some other 

criticisms on this matter were not valid. Because the VR world was intended to 

simulate reality, users’ navigation speed for touring Alexandria was always intended 
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to equate to a walking speed. As running could induce nausea and possibly (through 

technical malfunction) eject users’ first-person avatar from the VR world, the 

researcher wrote scripts, limiting the maximum speed of learners’ avatar, to prevent 

this happening. 

 

The researcher, when designing the VR world, was conscious of the many and 

interconnected problem issues associated with navigation in a virtual world. He 

aimed to develop for users a VR space that was firstly safe and second, efficient for 

users’ navigation needs. Problems that nausea caused users have been raised often in 

system design and human factors literature by, for example Mon-Williams & Wann 

(1996, 1997,1998). In that literature, HMD equipment types, visual feedback displays, 

avatar movement speed, object scaling appear often in discussions on nausea. The 

key to that problem appeared to be user cognitive overload (visual). Balancing the 

avatar travel speed and HMD display refresh rate to eliminate that overload 

appeared the solution. Through trial and error, the researcher balanced these two 

factors and produced a nausea-free VR system. Whilst nausea was prevented, it was 

however at the cost of a run speed (refresh rate) that was less than ideal for learners. 

 

A handful of learners were not content with the system’s pace, preferring to race 

around the environment as though it were a video game. They had a greater need for 

speed than learning and rated the system as slow, clunky and so on because of that. 

Had the design been framed on meeting those participants needs, it is foreseeable 

that most of this study’s participants would have experienced nausea and no data of 

any particular value to this researcher would have been collected on VR-based 

learning. Learners’ safety and well-being during experimentation was the 

researchers’ first priority concern from the outset. 

 

The shortfalls of the VR system, as perceived by the learners, were known to the 

researcher ahead of the experiment. They are typically perceived as flaws with this 

learning media type and are commented on frequently in research and popular 

literature (for example, Philbin, Ribarsky, Walker & Hubbard 1998; Tippee 1998; 

Arthur, Hancock & Chrysler 1997; Chou, Hsu & Yao 1997; Cornell & Bailey 1996; 
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Schmitz 1996; Watt 1996; Franchi 1995; Cartwright 1994; Dix 1994; Sheridan & Zeltzer 

1993; Piirto 1993; Wittenberg 1993). Were the ‘flaws’ able to be eliminated for the 

benefit of all participants as well as for the benefit of the research, the researcher 

would have done that. However, design choices made by the researcher were often 

forced upon him. One best example of this is the avatar’s speed when navigating. 

 

B. System efficacy 

 

One Converger (E84) reflected on the content of the VR module, saying: “The VR 

content may be handicapped by system limitations as presented.” One Assimilator 

(E74) commented on the technology holding him back, saying:  “As a learning 

experience - wanted to delve into it in much more than I did. Felt held back by the 

technology. Felt it was passive - all set up for me - eg clicked on an audio file, 

interacted at a surface but not deep level.” Speaking optimistically, one Diverger 

(E68), remarked: “Quite passive. It all happens. You don't have to engage with it. It is 

very much brought to you. Click on a button and relax.” Participants’ comments 

frequently varied, and were sometimes contradictory, but all reflected their learning 

types, and confirmed findings reported in the literature. 

 

C. Interfacing and usage issues 

 

Each of the learning style types reflected on process aspects of the VR system’s 

technology that would have affected their learning. For example: An Assimilator 

(E79) questioned the speed and efficiency of VR technology learning, saying: “Seems 

a time-consuming way of finding the same information that can be read from a 

book.” A Diverger (E68) expressed concern relating to the HMD saying “You are too 

dedicated to the medium ie reading a book you can look around/away, but not in 

this.” And Converger E84 critiqued the validity of the information presented in the 

VR world, saying it “can give a false visual impression.” 

 

An Accommodator E90, for reasons that can only be guessed, remarked: “Having to 

click and manoeuvre to get info without working for it was preferable.” On that 
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same point, but with a twist, another Accommodator (E95) announced that he chose 

not to click on the obelisks in the streets of Alexandria to access information. This 

would have had the affect of reducing for him the range and volume of information 

that would be transferred to him, and subsequently learned by him. 

 

Navigation was a personal and problematic issue in this study. One Assimilator 

(E79) was observed having above average problems co-ordinating the mouse and 

HMD navigation devices. This was in spite of his having had up to 15 minutes 

practising manoeuvering and navigating in the study’s pre-experiment VR 

orientation module. His experience was shared to a lesser extent by several 

participants who had either not used a VR system of any kind before, or had minimal 

experience with one, or simply struggled in life with fine motor skills or hand eye co-

ordination skills - all problems beyond VR world designers’ scope. 

 

D. Synthetic display 

 

Technically generated features of the VR world, bordering on design, in part 

impeded the transferring of information to learners. Their comments on that 

included: 

 
Diverger 
• that the environment will distract from the message you are trying to impart to people. E69 
 
Assimilators 
• Wanted clear signposts. E74 
• Getting lost. E78 
 
Accommodator 
• somewhat sparse ie time spent walking with lots of space. E95 
 

The distribution of information across synthetic informational objects (scrolls, 

obelisks, figures) and visual and scenic objects at the same time both aided and 

limited participants’ access to information. Criticisms of the system’s VR world 

design did not seem unfair, nor did they seem unusual. But again, not all users’ 

suggestions are necessarily able to be incorporated into a VR learning system, and 

address every conceivable learner need. 
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Summary 

 

The data available to the researcher to investigate this research question was limited 

in its quantity but not its quality. Learners’ perceived shortfalls in the technological 

factors navigation and location and control over dedicated information-giving 

devices (figures, obelisks, scrolls) where these did not meet their expectations.  

 

Navigation emerged as a major concern across the learning style types. Two 

intertwined aspects of navigation are avatar speed and wayfinding. Navigating a 

virtual world with ease, to locate information required, then engage with and learn it 

is critical to a VR learner and to designers of VR worlds. Navigation systems that do 

not meet these learner needs will hamper learning and generate in learners 

frustrations, resentments and criticisms of this medium and then rejection of it. 

 

Several learners expressed dissatisfaction with the travel speed of their avatar and 

with locating and controlling the delivery of audio information. Both of these 

technology-based factors impact on the rate at which a learner learns, and have 

consequences for learners’ satisfaction with their learning environment, cognitive 

load and accelerated learning performances. 

 
Whereas the concerns raised by the learners were mostly in the negative, they appear 

to reflect the learners’ desire that a VR world simulate not just the real world as they 

would have it, but an ideal world. Comments on head turning, effort, flaws in the VR 

display, the audio/visual feedback design and want of greater control of that, and 

lack of physical comfort indicate their dissatisfaction with these aspects of the system 

and their learning experience. For this study, these technical and environmental 

imperfections represent distractions and are not construed as sufficiently major as to 

be detrimental to an adult’s learning in a VR environment. 

 
It could be reasonably deduced that this study’s VR learners learned less than they 

might have if the navigation system they used were of their liking and information 

objects were arranged and capable of being triggered as they, individually, would 

have them. But as faults in any learning medium can be found by learners, it could 
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also be deduced that the technological factors cited by them may have had only a 

relatively marginal impact on their learning. 

 

For some participants, touring the virtual world was not a preferred choice, and so 

assigning them to this medium may have introduced user bias to the data set. The 

learning style types Diverger and Assimilator were noted as showing a general 

dislike for VR technology. Regardless, the technology factors avatar speed and object 

interaction did affect the transferring of information to adult learners. 

 
 
Research Question 5: Human factors 
 

Which human factors affect adults’ self-directed learning in a VR 
learning system? 

 
 
Adults’ experiences within VR environments features in human factors research 

literature. (for example, Parkhurst & Niebur 2002; Draper, Virre, Furness & Gawron 

2001; So, Lo & Ho 2001; Snow & Williges 1998) Many lessons can be drawn from this 

body of literature and applied to VR learning generally. Factors discussed range 

from user safety through to fitting systems to users. This research question sought to 

briefly explore this issue. 

 

Learners’ satisfaction with self-directed learning in the VR environment was 

reported in the many comments they passed in this study. Participants used an array 

of terms to describe their self-directed learning experience in this study, for example: 

informed, frustrated, transparency, simplicity, control, choice, flexibility, time, 

convenience.  

 

The VR learners reported both positive and less positive experiences they 

encountered in the self-directed learning process. These included: 

 

• Orientation and familiarisation with the medium 

• Effort expended touring 

• Format of information 
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• Interaction with information triggers 

• Discomfort with the VR equipment 

• Discomfort with time spent using the VR equipment. 

 

A number of these concerns can be found in human-factors research in physical or 

psychological dimensions, or both. 

 

A. Human factors 

 

As there are many factors can add to or detract from a learner learning effectively, 

this study’s experiment was designed and conducted with that in mind. It aimed to 

simulate self-directed learning as closely as that was possible within a research 

environment. 

 

Participant safety 

A significant first step for this study was that a majority of VR learners were positive 

about learning self-directedly via a VR learning system. It was a chief aim for the 

researcher that the VR environment and experimental environment created for 

participants would be both safe and efficient. Human factors were a principal first 

consideration in the study’s research design. Of primary concern was the virtual 

reality learning system not causing participants to suffer vertigo or nausea, and this 

was achieved. 

 

Equipment safety 

An additional problem was one more fundamental to human factors design: 

selecting a safe head mounted display unit and navigational support tools. The 

researcher undertook a rigorous evaluation of HMD equipment, sensors and 

navigation tools available in the commercial market before choosing items that 

appeared to pose no risks for learners. Whilst participants commented on the 

deficiencies of navigating in the virtual world, none criticised the HMD’s visual 

display or the navigation device’s functionality. 
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The final major design requirement was to create a virtual world that was both safe 

and efficient for its tourists. 

 

B. Emergent human factors 

 

In-experiment, through navigating, touring and learning in the virtual world, several 

other human factors matters emerged for participants. These included: interfacing 

with a VR learning system, immersion in a sensory-rich environment (the VR world), 

physical and mental fatigue, and psychological comfort needs. Participants’ 

comments on these included: 

 

Counter intuitive 

• Converger (E83)   Wanted to stay stationary – instinctual movements 
conflicted with the HMD technology. 

 
Sensory stimulation 

A common response was: ‘the feeling of being there’.  Other response were: 
 

• Diverger (E72) It's all-encompassing, most of your senses are being used. 

• Assimilator (E80) Ability to go from sound to sight or to merge them. 

• Converger (E82) Very rich and satisfying environment. 

• Accommodator (E89) Presents a format and good visual representation. 

• Accommodator (E93) It's very interactive. 

 
Fatigue 

• Accommodator (E90)  A little bit long. 

 

Psychological comfort 

The dominant comments made were on touring, exploration of the virtual world 

Alexandria, ‘the experiencing factor’ (Converger E86), freedom, flexibility, non-

sequencing of information, enjoyment and satisfaction. Drawbacks perceived by the 

learners were limitations to freedom (for example, looking around/away – Diverger 

E68). 
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Other comments demonstrating human factors in this study relating to the 

participants’ psychological comfort in-experiment are: 

 

• Diverger (E66) Easy to handle, Well informed. 

• Diverger (E71) Simple, clear and effective. 

• Diverger (E72)  Thought the self-directedness a good idea. 

• Assimilator (E73) Knowing where to go ... a bit involved. 

• Assimilator (E73) Very logical in the way gone through and explained. 

• Assimilator (E74) Adult learning OK  

• Assimilator (E74)  Control OK. 

• Assimilator (E76)  Everything explained to a degree where needed. 

• Converger (E83) Liked having (the) non-invasive observer. 

• Converger (E84)  Wandering around, having a choice of where to go. 

• Converger (E85) Easy, clear. The time flys. 

• Accommodator (E89) Impartial, no bias. 

• Accommodator (E95) It's engaging. 

• Accommodator (E92) No problem easy to follow. Knew what was expected. 

• Accommodator (E91) Could go anywhere and click on whatever you 

wanted to learn about. 

 

C. The self-directed learning design  

 

A majority of Convergers and a minority of the other three learning style types 

expressed satisfaction with the study’s VR technology self-directed learning design. 

Their comments centred around two human factors dimensions: psychological 

comfort and sensory stimulation. 

 

Though mostly positive, some VR system users did criticise self-directed learning 

design. One Accommodator (E96) remarked: “Self-directed learning is not something 

I would want an entire course based on. I would want some direction.” And one 

Diverger (E68) with a somewhat cautionary tone said: “(I would be)…hesitant about 
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giving adults too much latitude to learn through self-direction eg like a supermarket 

… having the ability to make those decisions.” 

 

Summary 

 

Overall, participants reported human factors as positively and negatively affecting 

their self-directed learning in the research process, the learning design, emotional 

satisfaction and functional needs. 

 

A majority of comments offered reflected participants’ emotional needs and wants 

and not physical needs and wants. That is, satisfaction statements were prevalent 

whilst needs of the physical environment were rarely mentioned. This may have 

been due to the VR world and testing environment constructed by the researcher 

being carefully thought through and designed to meet the needs of each of the 

learning types thus leaving learners with little or nothing to comment on. 

Alternatively, it may have been due to the researcher asking the wrong questions, or 

participants having no human factors concerns as such to raise. 

 

VR users commented on having to work at learning. Orientation within the virtual 

world and navigating through it were chief concerns in terms of human factors. A 

small number of learners had difficulty mastering the navigation devices, and this 

had the effect of generating stress for them. 

 
 
Research Question 6: Immersion 
 

How does immersion affect adult learners’ learning performance? 
 
 
Immersion is a cognitive state in which a person loses themselves in the information 

they are engaging with. For Pimentel and Teixeira (1993) immersion meant blocking 

out distractions and focussing selectively “on just the information with which you 

want to work.” (p15) A person that is so engaged can lose their sense of time and 

place. Barfield and Furness (1995) described the sense of losing oneself as presence. 

On immersion, they said “When we are “immersed” in an inclusive virtual 
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environment, we in effect become a part of the message. The original presentation 

environment and message disappear and we are required to draw upon only a single 

model of the new environment which represents only the message.” (Barfield and 

Furness 1995 p9)  

 

Immersion is known to affect a learner’s perception of time when reading a book, 

using the internet, or when connected to a VR world. In this study, whilst every VR 

system learner remained in the VR world for the maximum 30 minutes allowed for 

the tour, not all book and internet learners did, demonstrating VR users’ losing 

consciousness of the passing of time during their tour and achieving deep 

engagement with the learning environment. 

 

The aim of this research question was to investigate how immersion affected adult 

learner’s learning performance through identifying: 

 

• the VR learners that experienced immersion; 

• Kolb learning style types’ immersion experiences; and 

• the different effects that learners experienced when immersed in a VR 

world. 

 

A. Full Immersion 

 

Participants in this study experienced various degrees of immersion. Immersion 

began for VR learners at the moment they suspended disbelief that the world they 

were touring was a synthetic one and they behaved as though it were real. For three 

VR system learners, this state was reached. At different times in their learning 

journey, with HMD attached to them and it to the VR system unit, each rose from 

their chair and began to walk forward. At this point the researcher intervened by 

stopping their forward movement and returning them to their seat. Another 

indication of immersion in the VR environment was Converger E82’s not noticing 

building construction noise that was being made adjacent to the testing facility 

during his learning journey. And at a different level, all participants experienced 
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immersion when engaging with the topic, as shown by their losing track of time 

whilst touring the VR world. 

 

B. Experiences and effects of immersion  

 

Embedded in the language of participants were reports - both positive and negative – 

of their personal physical and/or emotional connection, their one-ness, with the 

virtual world Alexandria, alluding to their having an immersive experience. 

Participants from each of the four learning style types used verbs and phrases such 

as: walking, seeing, hearing, going, moving, sense of dimension, involved, really in 

it, closed in, was there - to describe their experience. For example: 

 
Divergers 
• Walking too much. E65 
• 'you're very involved in it'. E67 
• the feeling that you are there. You know there is (sic) marshes etc cause you hear 

them. 
E70 

 
Assimilators 
• Gave a good view of the architecture, more than a book could. E73 
• Gets you involved in the feeling like you're in the city … but possible disorientation 

of "where am I?". 
E77 

• Actually go around the place - to see the people and buildings.  E78 
• a sense of dimension, layout and that sort of thing. E79 
 
Convergers 
• Physically walking through. E82 
• felt like I was really in it. E83 
• Going to a certain area to learn, see and hear about it.. E85 
 
Accommodators 
• feel you are moving. E89 
• to see the size of the buildings and the environment. E92 
• Felt a little closed in. ... Liked being there and feeling I was there. E92 
• visually it’s just there. There is an immediacy about it. E93 
 
 

Summary 

 

The term ‘feeling’ is used widely by participants when describing their experience. 

‘Thinking’ is seldom used. Action words such as walking, moving, engage, excite, 
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involved, disorientated, closed in, being there, immediacy, mimicing reality are used 

freely by learners to describe their experiences. It would be difficult to refute that 

immersion did not take place in this study or that it possesses a power that can aid 

human learning in a well-designed VR world.  

 

Conversely, it could be argued that this study’s VR learners stayed in the VR world 

for the full 30 minutes because the information in the VR world was organised in a 

manner different to other media they have used, and was therefore information was 

less easy to access; because learners had difficulty finding information; through 

either or both the system’s design characteristics being new or inefficient for learners; 

or because participants were lowly skilled or unskilled in navigating effectively in a 

virtual world. However, whatever the limitations, almost all participants in this 

study were more enthusiastic about their VR learning experience on its completion 

than the book and internet learners. 

 
 
Summary of findings for Goal 2 
 
Goal 2 set out to investigate the level of satisfaction each of the four Kolb learning 

style types experienced with the study’s VR learning system and how well each 

learned through this system. Data were collected on a number of learning and 

environmental dimensions.  

 

By default, in this study, participants’ learning environment also included the 

laboratory setting in which their learning journey took place. It was neither possible 

to isolate participants from the research process nor easily identify and filter out their 

responses relating to the research process. Participants’ perceptions of the 

experimental environment, the research process and the system itself were as 

important as the measurements taken of their learning achievement. Hence their 

thoughts on all of these aspects of the experiment were surveyed after they 

completed their learning journey. Each of the four groups of Kolb learning style 

types displayed differences in their learning performance and preferences when 

learning with the VR learning system.  
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Goal 2 centred on six questions for research: 

 

Research Question 1: Learning 

Research Question 2: Support 

Research Question 3: Learning system  

Research Question 4: Technological factors 

Research Question 5: Human factors 

Research Question 6: Immersion 

 

In relation to each of these, the following was found: 

 

Learning – adult learning principles supported 

 

Most VR system learners needed a reason why they should learn about Alexandria, 

with more passive learners (Assimilators and Divergers) wanting that more than 

active learners (Convergers and Accommodators). Almost all learners felt 

responsible for their learning. More passive learners felt the study tapped into their 

experience than did active learners. Most learners did not find themselves closing 

their mind during the learning journey. A minority of learners only reported the 

learning journey as assisting them to cope with real-life situations. Assimilators least 

felt the learning they achieved was developmental. Active learners saw the learning 

journey as life-centred. A majority of Divergers devoted energy to learn. A majority 

of Accommodators reported learning in context. Most learners responded to external 

and internal motivators when learning. 

 

Support – environmental conditions required by learners 

 

A majority, but not all participants indicated enjoyment and satisfaction with the 

research process and conduct. Dissatisfactions expressed centred on the run-time 

speed of the VR system, operational use or design features of the virtual world that 

were not of the participants’ liking. Self-directed learning was commented on 

favourably by a majority of learners, but was problematic for several passive 
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learners. Evidence of immersion among different learner types emerged both 

physically and in their language. The adult learning principle self-concept was 

commented on favourably by all learning style types. Active learners’ experience and 

orientation to learning was tapped into more than was passive learners’. A majority 

did not close their mind to learning or feel devalued or ignored. Accommodators 

most regarded their learning in context. Passive learners experienced difficulty 

operating the VR system’s controls more than active learners. Passive learners with 

eye-glasses tended to be more hyper-critical of the VR system and less fluent with its 

controls than all other learner types. Learners articulated a range of satisfactions and 

dislikes of elements of the VR learning system. Several offered practical suggestions 

for improving its design and running speed. Task oriented learners commented on 

the system as observers of it. People oriented learners commented from the 

perspective of their experience using it. Passive learners were more critical than 

active learners. 

 

Learning system – transfer of information to the adult learner 

 

A majority of all learning style types enjoyed the feeling of ‘being there’ and 

wandering around the virtual world Alexandria. The sense of dimension was 

commented on by several participants. Choice, full control, flexibility and a range of 

other characteristics was recognised by and important to all learners. Participants 

used a variety of techniques to recall and remember visual and auditory facts 

encountered in the VR world. A majority of learners linked isolated facts to achieve 

understanding of the topic. Assimilators linked facts least. A majority of Divergers, 

Assimilators and Accommodators grouped facts to achieve understanding. Many 

participants gave conditional or qualified comments regarding their preferred 

medium for learning. Preferences were indicative of learning type. Convergers 

preferred the internet for reasons of speed of access and breadth of information. 

Accommodators were open to using a variety of learning media including VR. 

Passive learners preferred traditional learning media such as books. 
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Technological factors – affecting the transferring of information 

 

The system’s (maximum fixed, real-time) speed was a common target of 

dissatisfaction. Manoeuvering difficulties, mostly by passive learners, was noted. 

Differences in learners information layout preferences was noted. The efficiency with 

which information could be acquired was questioned. Being ‘dedicated to the 

medium’ was a problem for several learner types wishing to write notes as they 

toured. Passive learners were noted as having a strong preference for book genre and 

a resistance to VR based learning. 

 

Human factors – affecting self-directed learning in a VR learning system 

 

Issues described were: informed, frustrating, transparent, simple, controlled, choice, 

flexible, time, convenience. One Accommodator only experienced mild nausea. It is 

believed that this was due to factors other than VR system usage. Participants that 

cited shortfalls in the VR system controls were found to have low-levels of familiarity 

with the controls. Major satisfiers were completeness, immersion, control, active, rich 

environment. Major criticisms were orientation/navigation difficulties, effort to tour, 

time spent to tour, inability to take notes whilst touring, slow system speed. 

 

Immersion – affecting learning performance 

 

The four learning style types were equally positive and critical of the VR learning 

system’s immersive qualities. Losing time in the VR world was universal. All 

participants lost track of time. Mixed reactions reflecting participants’ immersion 

with the VR included: sense of environment and topic, walking too much, getting 

lost, ambient sounds as aural triggers. Equipment-related issues included: felt closed 

in, feel you are moving, too dedicated to the medium, can’t look away. 
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Summary 

 

A majority of participants behaved in accordance with their learning style types as 

described by Kolb (1985), with each learner type responding differently to the VR 

learning system and its environment. For example, the task-orientated Convergers 

sought information quickly and remarked that the VR system was not as responsive 

as the internet for doing that; Divergers expressed a general dislike for VR 

technology if not all electronic technology, generally preferring something less 

dynamic, less intrusive; Assimilators preferred traditional low-tech learning 

solutions and were tentative when exploring the virtual world; and Accommodators 

were delighted and enthusiastic about their VR experience though would have been 

equally positive if assigned to a book or the internet. Knowing the behaviour profiles 

of each of the Kolb learner types in advance, the researcher was not surprised at 

participants’ reactions and responses. 

 
 

6.3  CONCLUSION 
 
 
Participants’ learning journey, engaging with the topic Alexandria through a book, 

internet or virtual reality system took them through stages in which their existing 

knowledge of the topic was challenged. They learned new information through 

clustering and linking aural and visual facts and images, and experienced 

information in a format which for many was new, novel, different, challenging, 

pleasant or bothersome. But for all the participants in the VR group, the notion of 

learning in a VR learning system was new. 

 

Each participant in effect became a unique case study in this research activity. The 

learning style type groups that used the VR learning system in this study have 

provided general and indicative findings of how learners of different learning types 

perceive a VR learning system and how that system supports the needs of self-

directed learners.  

 



Chapter 6: Experiment Results and Findings 
 
 

 
 6-94 
 

The comments yielded in this study were many and varied and all were subjective 

views. Some responses made were either conditional, qualified or non-committal. 

Some participants clearly had a preference for one particular medium or another, 

and some did not. All learners had used a book. Many had used the internet, but 

none had used a VR learning system that was dedicated to learning. Orientation and 

navigation were a major concern for learners across all media, but for different 

reasons.  

 

Participants’ comments reflected both their personal preferences in learning media 

display and functioning, their experiences with different media, and media most 

preferred by them. A majority of comments made described features of the three 

systems’ characteristics and design aspects that were known to the researcher as 

typical failings of learning media of these types. Other shortfalls specific to the 

experiment’s three systems, and which were known to the researcher but intrinsic to 

the experiment, were also noted and commented on by most participants. 

 

Shortfalls in one medium type were not necessarily shortfalls in another. For 

example, where book users commented on boredom and lack of engagement, VR 

users commented either on having to work at learning or having it do all the work 

for them. No conclusions could be drawn regarding the amount of time VR 

participants spent using the VR system. 

 

Can an adult learn in an adult way in a virtual reality environment? Evidence from 

this study says ‘yes’. 

 

These and the many other matters raised in these findings will be discussed further 

in Chapter 7. 
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Chapter 7 
 
 
The VRSDL model 
 
 

 
... there is an element of associative thinking of humans or 
inductive logic that is very difficult to get from a machine.  A 
machine may be good at deductive logic, but not good at 
inductive logic, making cognitive leaps, getting feelings about 
things and so forth.  So don’t ever think that machines will 
truly replace an expert, but a machine will be able to 
accomplish 90% of what an expert can do, much faster.  It’s that 
extra 10% that’s probably going to take [sic] a human in the 
loop and it’s probably going to be irreplaceable.  
 

(Furness cited by Miller, 1992 p22) 
 

 
 

The key purpose of this study was to produce for learners and educators a VR-based 

adult learning model: the virtual reality self-directed learning model (VRSDL). 

 

In the course of doing this, this study investigated how effectively a VR learning system 

was able to support adult self-directed learning when totally left to an adult learner to 

control.  It further investigated the impact that participants’ learning style preference 

had on their learning performance with a book, internet and VR learning technologies. 

Sensory preference - visual, auditory, read/writing, kinesthetic preferences – and 

readiness to learn were included in the major analysis, with learning performance being 

the key variable measured. 

 

The reasons for the research aim have been explained and discussed in Chapter 4 and 

the results from the test of the framework reported in Chapter 6. The VRSDL model is 

presented in this chapter. 
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It is important at this point, to restate that the impetus for the researcher pursuing this 

aim was the perception derived from the literature that contemporary adult education 

practice inadequately services adult learners’ needs. There appears in the literature 

argument for a new and additional approach to adult learning (for example, Knowles 

1990; Furness in Miller 1992; Lanier in Ritkin 1996). This would be one that is in keeping 

with the contemporary social practice of empowering learners. In adult education 

literature, there is recurring argument that points to a need to reframe the theory and 

practice of adult education into a paradigm that intertwines the lessons of existing adult 

learning strategies and past, present and leading technologies (for example, Knowles 

1975, 1990; Lanier in Ritkin 1996; Loftin, Brooke & Dede 1998). This thesis was 

undertaken to contribute to that greater goal through the development of a VRSDL 

model. 

 

This study’s VRSDL model is an attempt to reduce the barriers to an adult’s motivation 

identified by Tough (1971, 1979), with the exception of ‘negative self-concept as a 

student’.  This leaves that last matter to be dealt with, and not ignored if the model is to 

achieve its goals. If there is a way to resolve that problem in this model, that may occur 

after the fact. That is, through increased knowledge an adult learner would: self-assess 

their increase in knowledge, observe the improvement in themself, feel better about 

themself, experience improved self-esteem, feel more confident in their capability as a 

student. This author realises that this process sounds all too simple, but nonetheless, 

positive learning experiences do generate improvements for people, such as increases in 

confidence and self-image. How this may occur through the VR learning model will be 

discussed in this chapter. 

 

This chapter describes the VRSDL model and discusses the issues and findings from 

research that led to its development. Recommendations for further research are also 

presented. 
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7.1  THE STUDY 
 
 
Studies indicate that adult learners in corporate settings achieve as much as 80% of 

learning efforts informally. (Foucher & Tremblay in Long 1993) This study investigated 

whether adults could, against an adult learning framework, learn effectively with a 

virtual reality technology learning system. The aim of the study was to construct from 

the literature and research a model of adult learning with VR technology: the VRSDL 

model. 

 

Whether adults could learn more effectively with a virtual reality technology learning 

system than through books and the internet - two other self-directed learning 

technologies used widely in this decade past – was a secondary line of investigation and 

one that yielded information in-depth for the VRSDL model developed. In the course of 

developing the VRSDL model, this study explored the effectiveness with which virtual 

reality technology could support an individual adult’s self-directed learning in a ‘virtual 

world’ environment that was designed expressly according to the assumptions and 

conditions of adult learning theory.  

 

The key question for this study was ‘is virtual reality technology able to facilitate 

effective self-directed adult learning?’ Questions underpinning this problem for research 

were ‘how do adult learners of different learning style types respond to a VRSDL 

learning system?’; ‘how well can each learning style type learn with a VR learning 

system?’; ‘what issues arise for each learning style type when learning through a VRSDL 

learning system?’; and ‘how does the learning achieved by VRSDL learners compare to 

that of learners using the two other learning media used in this study?’ 

 

These questions were investigated, in the context of self-directed learning, through 

research questions in two goals - Goal 1 and Goal 2: 
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Goal 1 – A comparison of three learning media: book, internet and VR 
 
Research Question 1: Environment 

Can a virtual reality ‘world’ provide adults an effective adult learning 
environment? 

 
Research Question 2: Support SDL 

Is a VR environment able to support adults’ self-directed learning better 
than a book and the internet?  

 
Research Question 3: Learning  

Do adults learn better in a virtual reality environment than with books or 
the internet?  

 
Research Question 4: Learning style 

Which adult learning style types’ perform best with each learning 
technology? 

 
 
Goal 2 - Kolb learning style types and VR Learning 
 
Research Question 1: Adult Learning 

Which adult learning principles is VE technology capable of supporting? 
 
Research Question 2: Support 

Which environmental conditions do adult learners need for a virtual 
reality learning event to be suitable to them? 

 
Research Question 3: Learning system  

Which aspects of a virtual reality learning system enhance the transfer of 
information to an adult learner? 

 
Research Question 4: Technological factors 

Which technological factors affect the transferring of information to adult 
learners? 

 
Research Question 5: Human factors 

Which human factors affect adults’ self-directed learning in a VR learning 
system? 

 
Research Question 6: Immersion 

How does immersion affect adult learners’ learning performance? 
 
 
This study converged adult learning theory with concepts that undergird virtual reality 

technology as a medium that has implied potential to enrich and improve self-directed 

adult learning practice. Indeed, the literature from many fields of enquiry, peripheral to 
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the fields of adult learning, and virtual reality technology was drawn upon in the 

investigation of the problem for research. In that search, the researcher found that 

comparative literature, and literature bridging adult learning and learning technologies 

of any kind is in short supply and in many cases narrow in its examination of the 

questions investigated in this study. 

 

In adult learning theory, Lindeman (1926) concluded that adult learning contains five 

key principles: motivation, life-centredness, experience, self-direction, age; and Knowles 

(1990) developed six assumptions of adult learning that mirrored and extended the 

essence of Lindeman’s principles in an andragogical model which he held to be “a 

system of alternative sets of assumptions” (p64). In the literature, the recurring 

characteristics of adult learners’ learning were: age, education history, readiness to learn, 

language, motivation (ie drives, needs), and learning styles. These characteristics became 

the important variables upon which this study’s pilot study and field experiment were 

based, and Lindeman and Knowles’ principles and assumptions the theoretical learning 

framework. 

 
 
7.1.1  Study limitations 
 
 
During experimentation, technical and process limitations were encountered which 

forced research strategy and design decisions. The first of these was that the level of 

maturity of virtual reality technology available to undertake this study was not equal to 

systems described in popular literature. In concert with that, users’ expectations of the 

performance of a VR learning system was greater than these systems are actually 

capable of delivering. 

 

To carry out the learning experiment, several trade-offs had to be made in its design. 

These included: research design choice, topic choice, curriculum design, admitting only 

male participants to the study, categorising participants to identify key research 

variables, allocating learners to a learning medium, measuring learning achievement, 

reducing confounding variables, and information management. 

 

Deleted: s
T ___________________________________________ / 
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Research design choice 

The researcher used an empirical, experimental design to collect data that would be 

capable of statistical analysis - knowing that it must contain confounding, unforeseen 

variables - and designed and used instruments that would reduce the number of 

confounding variables pertaining to human learning. The researcher’s intention from the 

outset was to generalize the findings of this study to the population of ‘average’ adults. 

Hence the research design incorporated a number of instruments to select and classify 

participants according to characteristics which are found commonly in the literature. 

Whilst the research design was carefully constructed to minimise the experiment’s 

invasiveness on participants’ ‘natural environment’ - that is, self-directed learning - the 

setting was unmistakably that of laboratory research. 

 

Topic choice 

Identifying a topic which would be of sufficient interest to all learners to learn, about 

which they had minimal knowledge and which also could be woven into a curriculum 

and modules of relatively equal forms in the three media intended for development in 

this study, was a critical choice matter for this study. The topic Ancient Alexandria in 

Egypt 50 BC–50 AD was chosen for its obscure nature. Many people have a vague 

knowledge of this topic, gleaned through studying it in minor detail in their school years 

or encounters in social or self-development activities. But, it was assumed, most people 

would not attach any importance to it for their work or study needs. In doing that, most 

people could be expected to be minimally knowledgeable of the topic, but not adverse to 

learning about it. Allowing participants to learn about any topic would not have 

allowed the measurement and valid comparison of learning results to be made and was 

therefore not an option for this study. 

 

Curriculum design 

The researcher chose to organise information on Alexandria in a non-linear, mind-map 

type format as much as that was possible so that participants would not be forced into 

following a fixed, linear trail of facts. Some sub-topics of Alexandria could not be 

organised into a mind-map format – that is, organised into clusters of like information in 

a non-linear arrangement - but most could. For the purpose of research rigor, it was 

important that the information presented in all three learning media was as much as 
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possible the same – notwithstanding the key differences in the three media: for example, 

immersion in VR, hotlinks in the internet, tactileness with books. The mind-map format 

chosen by the researcher was met with mixed reactions by each of the four learning style 

types, with some being delighted with it and others expecting and wanting a linear 

format. Although the mind-map format was not an intentional trade-off, it may well 

have been perceived as such. Information displayed in a VR world may follow 

conventional book and internet information design rules, but doing so stands to subvert 

the unique characteristics of this technology. 

 

Men participants only 

To reduce confounding variables, the researcher chose to test one gender of the adult 

population only. At the toss of a coin it became men. To have a sample that featured 

both men and women would also have introduced provided a reduced sample size of 

men. The literature on human learning refers to women learning differently to men. 

That, however, did not influence the choice of sample. That this study had a small 

sample (n=96) was for reasons of practicality. 

 

Categorising people 

The proposition of cataloguing every conceivable physical, psychological, historical and 

learning characteristic and preference of an adult learner as well as their performance in 

a virtual world, was a tedious prospect for this study. The problem this caused for the 

study as much as for its participants was that participants had to spend time on pre-

experiment administration completing data collection forms. This had the effect of 

elongating the testing process and caused some participants to begin the experiment 

with a higher level of mental fatigue than they might otherwise have had. Again, this 

was a necessary part of the research process, but one that participants, when learning in 

the real world, would not have to endure. 

 

Allocating to a learning medium 

Participants were allocated to a medium randomly, but where this medium was not one 

they would have preferred their disappointment was often noticeable, though the 

impact that random choice had on their learning performance score is unknown. 

Participants were allocated at the throw of a die. Where 1 or 2 they were allocated to the 
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book; 3 or 4 the internet; and 5 or 6 the VR learning system. Randomised allocation 

through this method was reduced toward the end of the experiment as places for each 

learner type diminished. In the final stages, allocation became a forced choice. 

Candidates of a learning type that were surplus to requirements were not admitted to 

the study. 

 

Evaluating performance 

The act of evaluating learning is a feature integral to education – for example, school, 

college, university. It serves the purpose of measuring change or improvement in 

learners, but for too many adults it holds overtones of control and judgement of their 

worth. The psychological implications that evaluating and testing represent for many 

adults are enormous. It is no coincidence that one of Knowles’ six adult learning 

principles is self-esteem and that adults view evaluation activities as a threat to that 

aspect of their being (Knowles 1990). As this study needed to evaluate both participants 

and the system, the intrusiveness that had on learners’ learning experience was 

unavoidable. To reduce participants’ anxiety with ‘being tested’, the researcher briefed 

each participant before they commenced the experiment, in a personable way, 

answering any and all concerns they wished to share. 

 

Measuring learning achievement 

In keeping with adult learning principles it was never desirable to the researcher to 

measure adult participants’ learning performance. However, to provide this study with 

empirical evidence of the learning performances of users of each learning media, so that 

a comparison of their achievement could be made, it was essential that learning 

performance data was collected. 

 

Confounding variables 

People are complex and prone to vary considerably from one other in their 

characteristics. To reduce the number of participant-related confounding variables in 

this study, prior to using a learning module, participants’ characteristics were measured 

with a range of instruments to determine their suitability for entry to the experiment. 

Once again, this was a research requirement only, and not one that would not occur in a 

real-world learning setting. 
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Information management 

A final limitation to this study is with the concept information management -  

sometimes referred to as knowledge management. This study’s VRSDL model falls short 

of the researcher’s ideal conception in that the information management (IM) node - 

featured in the framework figure in Chapter 4 – was not technologically achievable in 

this study due to information being presented in a VR world needing to be mapped 

against VR world objects in a world designed and constructed by a VR world designer. 

To be effective as a learning environment, a VR world requires a well thought-out 

design that takes into account the characteristics, intuitive habits and information needs 

of learner users, and information elements (text, pictorial, audio) that are logically and 

seamlessly mapped to virtual objects. VR computer technologies, in their current stage 

of evolution, are not capable of constructing virtual worlds. VR world designers 

conceptualise and construct virtual worlds. An internet environment, however, does not 

have this problem. By using a search engine, internet users are able to find textual and 

diagrammatic/pictorial information from among information depositories scattered 

across the world-wide-web.  

 

Preliminary literature research has shown the field of information management is in its 

infancy, despite calls for development on a number of fronts. While that situation is 

likely to change with time, it would be fanciful at this time to suggest what an IM node 

would add to this study’s VRDSL model. Nonetheless, the concept is a feature of this 

study’s VRSDL model design and one that may be explored and developed in possible 

future research. 

 
 
7.1.2  Summary of findings 
 
 
1.  QUANTITATIVE DATA ANALYSIS SUMMARY 

 

Participants described their likes and dislikes of the learning systems they used and 

learning media. Implications for learners and adult educators include five themes: 
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1. learning style types indicate learning media preference and learning 

satisfaction, 

2. age may not be a factor in learning media preference, 

3. ESL learners may require more time to learn using all media than non-ESL 

learners, 

4. electronic technologies may facilitate more satisfying learning for people not 

averse to computer technologies, and 

5. sensory preference does not impact significantly on learning effectiveness. 

 

Findings suggest that each Kolb learning style type learns best more through one 

medium than the other two, irrespective of their age. VR was less effective than the other 

two media for learning in this study. However, there were technological limitations 

which may have been at least partially responsible for that and these may be able to be 

overcome in real-world (that is, non-laboratory) learning environments and result in VR 

learning systems being at least equal to other learning media. The comparative value of 

a VR system to other learning media would then be a matter of its achieving 

compatibility with its learner user through technical effectiveness, broad learning 

designs and generally catering to the learner’s wide-ranging needs. 

 

Data analysis and findings 

Participants’ perceptions of their learning environments supported the researcher’s 

expectation that learners should be matched to a learning medium that is at the same 

time convenient and suitable for them to learn with/through. Similarly, the topic that 

they would learn should be one that they are interested in learning, and the curriculum 

design should present information in a manner that complies with learners’ expectations 

and intuitive behaviours. 

 

Generalizability 

This study was carried out in a laboratory setting, and its findings therefore may not be 

transferable to real-world settings. The researcher recognises and accepts this situation, 

but is of the opinion that the differences in a learner’s actual learning performance in a 

VR laboratory to that which might be achieved in a real-world setting need not be that 

different. 
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2.  QUALITATIVE DATA ANALYSIS SUMMARY 

 

Qualitatively, this study made six findings:  

 

1. unfamiliarity with a learning technology will impede learning performance, 

2. learners require different amounts of control over their learning event, 

3. learners expect learning technologies to perform without error, 

4. education has a formative role in influencing learners’ learning behaviours, 

5. learners’ former education performance is a predictor of their approach to 

learning, and 

6. learning style types are predictors of ‘personality’ type. 

 

Most VR system learners responded to external and internal motivators when learning 

but needed a reason why they should learn about Alexandria. Active learners saw the 

learning journey as life-centred, and passive learners felt the study tapped into their 

experience. 

 

A majority of participants enjoyed, and were satisfied with, the research process, 

conduct and self-directed learning strategy. A common cause of dissatisfaction with the 

VR learning system was its running speed. Passive learners experienced difficulty 

operating the VR system’s controls, and participants with eye-glasses stood out as being 

less fluent with the controls than all other learner types and noticeably hyper-critical of 

the system. As interacting with virtual objects was one, key means by which learners 

could elicit information in the Alexandria world, passive learners, learners who 

struggled with the interaction function, learners with eyesight difficulties and learners 

simply not at ease with VR technology moved, enjoyed and interacted with the VR 

environment less and generally learned less than other, less encumbered learners, as a 

consequence of that. 

 

The sense of dimension, choice, full control, flexibility and a range of other 

characteristics was recognised by, and important to, all learners. A majority of all 

learning style types enjoyed the feeling of ‘being there’ and wandering around the 

virtual world Alexandria. Learners used a variety of techniques to recall and remember 
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visual and auditory facts encountered in the VR world. A majority linked isolated facts 

to achieve understanding of the topic. Media preferences were indicative of learning 

style type. For example, Convergers preferred the internet for its speed and breadth, 

Accommodators preferred a variety of learning media including VR, and passive 

learners preferred books. 

 

The system’s (maximum fixed, real-time) speed was a common feature of dissatisfaction. 

Passive learners experienced manoeuvering difficulties most. Differences in learners’ 

information layout preferences, being ‘dedicated to the medium’ and unable to make 

notes whilst touring, and some resistance to VR based learning, was noted. Again, the 

researcher’s curriculum design choice was not favoured by all participants. 

 

Learners described their experiences as: informed, frustrating, transparent, simple, 

controlled, flexible, convenient. Satisfaction was reached through completeness, 

immersion, control, activity, and richness of the environment. But two recurring 

shortfalls reported were: an effort to tour, time spent to tour.  Losing time in the VR 

world was universal with all participants losing track of the time that elapsed. Reactions 

reflecting participants’ immersion with the VR included: sense of environment and 

topic, walking too much, getting lost, ambient sounds as aural triggers, feel you are 

moving, felt closed in, can’t look away. Another dimension to ‘time’ for learners was 

their perceiving the VR system was not an inefficient learning medium. That is, for 

participants that preferred skimming through text in a book or browsing and scrolling 

through the internet, cognitively walking through a synthetic virtual world was seen as 

being tedious, time-consuming, an inefficient means of finding and getting information, 

and fatiguing. These responses suggest that Sweller’s cognitive load theory came into 

play for these learners. They also suggest that these learner types prefer text, and not 

pictorial information. A solution to these problems for these learner types could be to 

reduce the size of the virtual world, reduce the number of visual objects contained 

within the world, increase the number of text-based objects and organise the text objects 

into a traditional format. But doing these things would negate the major strength of a VR 

learning environment: immersive experiential learning. It may be that learners with a 

strong preference for information in text format cannot learn with ease from media that 

have a high percentage of information presented visually; or alternatively, are incapable 
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of mastering technologies which require them to have fine motor skills. Whilst a VR 

environment can be designed around users’ needs and quirks, the questions to consider 

before doing this is: should information in VR environments be organised to meet 

everyone’s needs?; and is it worth the cost of doing that there are when other learning 

media (for example, books) already available to satisfy these learner needs? 

 

 

7.2  DISCUSSION OF FINDINGS 
 
 
Both levels of research in this study, that is, learning media (Goal 1) and learning issues 

(Goal 2) drew on the experiences of researchers in the fields of learning, adult learning 

and learning media, to develop the VRSDL model. To discover issues, practices and 

perceptions that have influenced the development and use of VR technologies, the 

researcher undertook a survey of popular literature, technical writings and research. 

Extensive efforts, both before this study was begun and up to the time this thesis was 

presented, were unable to find a line of research into adult learning with VR technology 

that could be extended. Indeed, research approximating this study was found in that of 

Johnson et al (1998) NICE project - investigating child learning - and in 2005, after this 

study’s experiment had taken place, Chen, Toh and Ismail investigated learning styles’ 

relevance to virtual reality with secondary school children. Neither of these two studies 

are discussed here because of their sampling difference, but are mentioned because they 

are examples of research that are similar to this study, and because they are progressing 

research into human learning with VR technology. An insight that may explain the 

general lack of such research was offered by Sanchez, Barriero and Maojo (2000) who 

said: ‘one of the main problems with virtual reality as a learning tool is that there are 

hardly any theories or models upon which to found and justify the application 

development.‘ 

 

This study’s experiment findings provided the researcher with answers to questions for 

research in two steps. The first was establishing whether adults, in an andragogical 

learning environment, could learn with a VR learning system, and how that learning 

compared with learners using other, common learning media. The result was that VR 

learners did poorly by comparison with other learning media users, and reasons for that 
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result were identified. The second step extended the first. Its aim being to identify from 

among key areas identified in the literature and by learning style type, the reasons for 

the result in the first step. And so, both steps contributed to, and were important to 

providing the researcher with, findings with which to aid the development of the 

VRSDL model. 

 

Sections 7.2.1 and 7.2.2 reiterate the findings from research on the key areas investigated 

in the two steps (Goal 1 and Goal 2), and reference literature that was reviewed to 

formulate the VRSDL framework and the model derived from the literature and 

research, which is subsequently presented and discussed in section 7.3. 

 
 
7.2.1  Research Goal 1 – Learning media 
 
Goal 1 investigated four key areas of learning media groups G1, G2 and G3: 

environment, support SDL, learning, learning style. 

 

Environment 

Hutton (1999 p1507) recognised the need for theories of learning to recognise ‘the 

differences in learners that can influence their responses to the learning environment’. In 

concert with that, Sheldon (2001) noted the importance of noncognitive variables such as 

‘personality’, ‘affect’ and ‘motivation’ on learning outcomes, and that an individual’s 

emotion reflects his perception of the environment. 

 

In need of a theory to form the basis of that in this study and which would support 

equally a learning environment suitable for book, internet and VR learning, the 

researcher selected Knowles’ (1990) adult learning principles. In its selection, the 

researcher noted, but does not share, Sheldon’s (2001) view that advanced virtual 

environments are unable to support the needs of each individual student.  

 

In this study, participants were found to hold many and different learning media 

preferences. A majority (n = 19) preferred learning with books and the remainder 

preferred combinations of electronic and non-electronic and sensory media. But through 

what appears a sound research design decision, a large majority of participants 
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expressed satisfaction with the learning environment that was constructed for them. 

Indeed, in all three treatments, participants reported their satisfaction with the 

environment in the adult learning concepts self-concept, experience and motivation, 

challenging Sheldon’s thoughts. 

 

Support SDL 

To measure the extent to which a VR environment could support self-directed learning 

better than another learning medium is a tenuous matter. In this study, none of the three 

media could be said to be better in supporting adult self directed learning that the other 

two. Learners’ needs, expectations and experiences were much the same: they wanted 

environments that met their personal expectations. If there was a failing to be counted, it 

was in the difficulty of finalising specific information wanted quickly. That is, the 

researcher’s information organisation strategy was not as successful as he had expected 

it would be. Forsyth (1993 p259) comments that ‘with the growing autonomy of learning 

comes the desire to search for knowledge and as a consequence, meaning.’ For most 

learners, autonomy was an important part of learning and they held positive feelings 

about their self-directed learning experience and the support they received in that. The 

satisfaction of learners in all three learning media user groups was comparable, though a 

weaknesses that most perceived in the three media was a limited scope of information 

and non-organisation of content – the former being a research design trade-off that in 

hindsight maybe should not have been made, and the latter a matter of difference in 

preference across participants. 

 

Learning 

It is conjectural whether adults learn better in a virtual reality environment than with 

any other media. Studies vary in their choice of media and samples compared with VR 

technologies. This study found that of the three media learner groups, VR learners 

learned least. A finding of this study was that media had no affect on knowledge. 

Another was that New Knowledge appears to have a strong link with Familiarity with 

Medium and Pre-Knowledge. So, it may be deduced that the VR system was responsible 

for its users achieving a lower learning score than the other systems’ users. But how did 

this result compare with other studies? 
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The literature is littered with examples pointing to VR being either superior or inferior 

to other learning media or tools. For example, Modjeska (2000) describes a hypertext 

interface being superior to a VR interface for task performance; Arnold et al (2002) 

report that in a perceptuo-motor task in both real world and virtual environments, the 

VE condition produced about 18 times more errors than the real world task; and 

Seymour et al (2002) found VR surgical simulation significantly improved the OR 

(operating room) performance of residents. 

 

The extent to which learning success is achieved or not is contingent on a learner’s 

confidence and/or familiarity with the environment and equipment is worthy of further 

investigation - although findings would be subjective as each learning situation carries 

its own limitations and advantages as, for example, in a study by Arnold et al (2002), 

where fine motor skills were a critical variable.  

 

It was obvious to the researcher in this study that where learners were familiar with a 

medium, they would be confident and adept in its use, without hesitating. All learners 

were familiar with the structure of a book and many with the functions of the internet. 

But whilst none were familiar with this study’s VR learning system on entry to the 

experiment, the personal aptitudes and capacities of a select few learner types who 

adapted to and overcame their unfamiliarity, soon distinguished the four learner types 

from each other. 

 

Possessing prior knowledge of the topic Alexandria, provided those participants with a 

level of familiarity and a context from which to learn and build on existing knowledge, 

which enabled them to orientate themselves to the subject more easily than those for 

whom the topic was new. Papaterpos et al (1999) in discussing a hypermedia-based 

educational system, where the goal was to allow students to ‘take an active part in the 

process of knowledge’ described the ‘low level of familiarity with computers for the 

majority of students’ (p841).  

 

Bornet (1998) described elements that can either enhance or inhibit learning. Chief 

among those relevant to this study are: self-perception, attitude to computers, academic 

history, age, educational level, learning style preferences, learning environment 
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characteristics. These characteristics were noted by the researcher and used to form the 

entry requirements for participants’ admission to this study’s experiment. Along with 

other factors, these learning characteristics were subsequently measured and their 

impact on the learners’ learning monitored, to identify which factors individually and in 

combinations, affected each participants’ learning performance with their assigned 

medium. 

 

In harmony with Bornet’s notions, Education Discontinued was identified in this study 

as significant to learners in terms of their self-esteem and motivation for undertaking a 

learning journey. It was an important measurement needed in the argument of a case for 

an andragogical VRSDL model.  

 

A self-directed VR learning system’s functioning is dependent on its being ‘driven’ by its 

user. Several participants commented on being tired after using the VR system and 

several others disliked having to work at using it - preferring to sit and process 

information cognitively only, with minimal need for physical interaction (for example, 

reading a book). If being engaged with a medium, and controlling it is an assumed 

advantage, then the opposite of this would be passive reception of content. Several 

participants displayed that behaviour, though with no substantial affect on their 

knowledge change score. Therein is a matter for further investigation. 

 

The factor Language was found to be of negative significance. The study’s three learning 

modules were presented in English only. Any learners not fluent in English (for 

example, the ESL learners) would have been disadvantaged using the modules through 

their needing additional time to process (translate) information. They would also have 

experienced a greater cognitive load than learners fluent in English. Sweller (1994) has 

written extensively on cognitive load. His writings are applicable to this variable as well 

as many other dimensions of this study.  The impact of being an ESL learner may best be 

summed up in Sweller’s own words in which he says: ‘As familiarity with a domain is 

gained, the need to devote attention to the required process is reduced.’ (p298) A 

consequence for an ESL learner, additional to the obvious problem of cognitive loading, 

is that of having lost time processing information, which another, non-ESL learner 

would not have experienced. On this, Birbili (2000) reflected that once anthropologists 
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collected information in one language and presented it in another; today, individuals are 

using research instruments prepared in one language for use in another. His point being 

that language difference is responsible for causing an unknown number of distortions in 

research. But if there are any concerns about ESL learners’ capacity to perform in 

technology-based learning designs, Zhou (1998) has in part dispelled these. In a study 

with 16 students, Zhou used hypermedia to create a learning environment for ESL 

learners. Results showed an increase in achievement scores in participants’ grammar 

teaching and learning. Of course, whilst encouraging, this result does lack a comparison 

with non-ESL learners. ESL was recognised as a problem area for this study before it 

began, but ESL learners were included in the testing regime all the same to identify 

differences, if any, and to provide this study with another dimension of relevance: that 

learners take many forms. 

 

The researcher expected the variable Effect of Medium on Participants would be 

significant, but did not anticipate Motivation to Learn would not be significant. There 

are many forms of motivation and learning may occur without conscious motivation 

having to be present. Recognising this, the researcher sought to discover how much 

learning was gained in this state, compared with how much might have been gained if 

the learner was motivated. Eighteen of the 32 VR system learners reported they actively 

sought opportunities to learn; 29 reported holding a medium interest in the topic 

Alexandria; and two reported having a high interest. (Refer Appendix D, Tables D-7, D-

8, D-29 and D-30) Although no conclusions can be drawn statistically, VR system 

learners’ motivation in these two dimensions was comparable to that of users of the 

other two learning systems. (Refer Appendix D, Tables D-7 and D-8) That the cohort of 

VR learners achieved a lower average learning score than Book and Internet system 

learners appears to be due to a factor or factors other than motivation. From what we 

have seen so far, while most VR learners were delighted with touring a virtual world, 

they were not so much motivated to learn with one on a regular basis. Indeed, touring 

was fun, but they found learning with the experiment’s designed environment was time 

consuming and for task-orientated learners, that was inefficient when compared to 

books and the internet. 
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In terms of numbers of facts learned, VR learners did not learn more than book or 

internet learners. And neither did they learn better. Learning better was defined as 

achieving superior learning results without giving up psychological expectations and 

physical needs. Satisfaction, flexibility, control, choice, enjoyment and a host of other 

terms used by learners indicated their individual contentment with the system they 

used. Where most were satisfied with their systems’ characteristics, and all increased 

their knowledge of Alexandria, their comments on the curriculum design used, which 

many were not in favour of, and the impact that had on their learning score, leave the 

researcher wondering if they might have achieved a higher learning score – and if so, 

how much more – had the curriculum design fully met their individually preferred 

learning design needs.  

 

Learners in the three treatments experienced differing learning results, and these fell 

into a layered hierarchy by media type (refer Chapter 6 Figure 6.2): internet, book and 

VR.  That result is in part a comment on the ease with which each medium was used by 

its learners, the manner in which information was organised and presented to learners, 

and the media satisfying both the psychological expectations and physical needs of a 

majority of their users (learners). Navigation, content choice, layout, sensory 

stimulation, interaction, orientation, control, ergonomic design, learning climate are 

important factors responsible for producing a quality learning environment, and were 

noted and commented on by many learners. Smith and Ragan (1995) comment on the 

place of technology in learning, saying: ‘The richness of experience and information that 

computer-based learning environments can now provide is seductive in appearing 

sufficient to learning, in much the same way that motion picture films were seductive to 

educators of the 1920’s and 30’s.’ (p562)  Media being novel is not enough to justify their 

being used in learning. Learners made it known that, if given a choice, they had a 

preferred, tried-and-true learning media that they would use to learn with – a safe, 

known and reliable preference. 

 

Learning style 

Convergers featured highest of the four learning style types in their learning with all 

three learning media. Assimilators were second to Convergers in their achievement with 

the internet learning system. They are also task-orientated, but introverted and were the 
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most inclined of the learning style types to be critical of electronic learning technologies. 

Accommodators approached the research with enthusiasm and ranked second in their 

learning gain in book and virtual reality media groups; and Divergers featured low 

within each medium group. Several made a point of expressing their dislike for 

electronic learning media also, in particular the VR system.  

 

After a brief period of processing participants, when he noticed patterns of behaviour 

and performance beginning to emerge, none of these results came as a surprise to the 

researcher. Learners’ learning style types in almost all instances became a window to the 

learners’ personalities, with age difference being of no consequence in that. A typical 

Converger was focussed on efficiency, completing the task and preferring the internet 

for that. Assimilators preferred books, although the internet was acceptable and they 

learned well through that. Divergers were often distracted and averse to electronic 

technology; and Accommodators were happy to do anything with anything and revelled 

in the self-directed learning format in VR where they could either wander the streets of 

Alexandria or just stay in the library and browse the shelves of scrolls. Kolb’s research 

into these learning style types is extensive and his instruments have been designed, used 

and validated extensively over decades for a host of adult and child learner types. Their 

value to this study was beyond the researcher’s expectations. 

 

Another learner style type measurement was that of sensory acuity, for which Fleming’s 

(1995) VARK instrument was used. Nothing significant emerged from an analysis of 

results from this instrument. Where the researcher expected participants with 

heightened sensitivity to visual cues might demonstrate a superior learning score, only 

one participant tested as visual only and his score was within the range of normal scores 

- neither of which was anticipated by the researcher. Most participants tested as 

multimodal learners and the findings were not significant. 

 

Participants expecting to be assigned to a learning medium other than the one that they 

were given, are suspected of underachieving as a result of their disappointment rather 

than as a result of their learning medium’s intervention. But there is no evidence 

available with which to prove this assertion. The satisfaction levels of each of the 

learning style types with their assigned medium was average to low. An unrecorded 
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number showed disappointment with not being assigned to the VR system, or delight at 

not being assigned to the VR medium. 

 

Insightfully, and of relevance to this study, Frohlich (1999 p1149) remarked on learning 

styles saying: ‘If the learning style of the student does not align with the manner in 

which the information is presented, the student may often leave with little more 

knowledge than when they entered.’ Gilbert and Han (1999) commented on people 

having learning preferences that enable them to learn more effectively, saying: ‘Several 

studies show that there is ”No Significant Difference” when technology is applied to 

instruction’ (p1234). Although this study used a self-directed learning strategy, its result 

was the same as that reported by Gilbert and Han. 

 
 
7.2.2  Research Goal 2 – Learning issues 
 
Goal 2 investigated six key areas of learning style types and VR learning: adult learning, 

support, learning system, technological factors, human factors, immersion. 

 

Adult learning 

Results from the experiment suggest that virtual reality technology is capable of 

supporting all six of Knowles’ (1990) adult learning principles. No literature 

commenting on or contradicting this conclusion was found. A majority of learners were 

positive about their learning experience - although Divergers and Assimilators were less 

positive than other learning style types. 

 

A concern for the researcher, and one that may be unique to this sample of males, or 

males generally, and which has implications for effective learning, was that a minority 

of Accommodators, Assimilators and Convergers reported devoting energy to learning. 

These learners could be saying that they found the system easy to use and had no reason 

to exert themselves. This finding emerged at the data analysis stage of the study and it 

was not possible to clarify what was meant by these responses. This is a matter worth 

investigating in future research. 
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Support 

Results suggest that for most participants, the environment created for this study 

contained the conditions they required for learning with VR technology. Learners 

inhabited several environments simultaneously in the experiment: the experimental 

environment, the adult learning climate, self-directed learning technique and the 

environment of the learning medium. Learners expressed the need for a number of 

environmental conditions for a VR learning event to be suitable to them and were 

generally satisfied with the adult learning and testing environment that was created for 

them by the researcher. Learners’ suggestions for improvements to the VR environment 

included frame rate, and a different information dissemination strategy. But catering for 

a broad variety of individual needs, though considered in the design stages of the study, 

was not feasible. The VR system’s ‘machinery’ attracted minor but valid criticisms. 

Almost no criticisms were made of the synthetic VR world environment (objects) toured. 

Evidence of what constitutes a suitable environment has been captured by many 

authors. Lewis (1997 p23), for example, said: ‘A number of recent studies both formal 

and informal have shown that students’ grades and interest levels have increased by 

significant percentages when interactive, visual, and auditory computer-based tutorials 

are used for some portion of information delivery.’ As alluded to earlier in this thesis in 

the writings of adult learning theorists, satisfactory learning is achieved through 

satisfying learners’ learning needs. 

 

Learning system  

Learners reported a range of conditions and factors that enhanced their learning during 

their VR learning journey. Some of these dimensions were beyond the learner’s ability to 

control or change; for example, curriculum, VR avatar speed. Where learners took a 

positive approach to these dimensions they appeared more content and satisfied with 

their learning journey.  

 

Broadly, popular literature reports the features of VR that enhance learning include 

immersion, presence, control, visual stimulation, interactivity, enhancements such as 

audio and tactile system feedback mechanisms. In addition, the psychological 

consequences of these concepts and devices are claimed to stimulate learning through 

exciting and engaging the learner. Furness (in Miller 1992) and Lanier (in Ritkin 1996) 
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are two well know advocates of learning with VR technology that have spoken and 

written often on this topic, and were used as a source in the design of this study. 

 

Technological factors 

Navigation emerged as a majority concern across learning style types due to differing 

abilities in using the navigation tools provided. Difficulties encountered were due to 

personal inability (for example, poor fine motor skills), the need for more time to gain 

familiarity with the VR system, psychological reasons (for example, apprehension, 

timidness). Using a desk-top virtual environment, Ruddle, Payne & Jones (1997), for 

example, point to participants navigating and learning the layout of large-scale virtual 

buildings. They noted initial disorientation, after which participants developed near-

perfect route finding abilities. Perez & Foshay (2002), testing ‘the more common learner’ 

found that learners ‘who attended mandatory group orientations cited fewer technical 

problems, reported greater ease of navigation, and had more successful program 

outcomes.’ (p24) 

 

Anticipating that all participants would likely be unfamiliar with a VR learning system, 

the researcher designed a VR world orientation activity that approximated the 

experiment’s VR Alexandria world, and had each VR learner in both the pilot and the 

experiment tour it, before they began testing (learning). The orientation module gave VR 

learners an opportunity to practice navigating a virtual world, interacting with 

information objects (that is, the obelisks, figures and scrolls), experiencing HMD visual 

displays and a virtual environment. The orientation module resembled and possessed 

all of the key design features that learners would encounter in the Alexandria 

experiment module, and though identical in the Alexandria world’s characteristics was 

different in its critical features so as to not compromise learner’s experience and learning 

performance results yielded from the Alexandria world module. To aid learners to gain 

both confidence with, and competence in, operating the VR navigation controls as well 

as comfort with the equipment and the environment generally, they were afforded as 

much time to practice and tour as they felt they needed. During this activity, the 

researcher was available to guide them, explaining any aspect of the experience that they 

required either information or assistance with. An arbitrary time of 15 minutes was 

allowed for this activity. Most participants required less time, but where a couple of 
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participants required more time, that was given, and they were not rushed. Only when 

participants felt they were ready to tour ‘virtual Alexandria’ were they introduced to 

that module. As has previously been discussed, participants’ success navigating the 

experiment’s virtual world varied with each person’s individual capacities. Most 

learners learned and mastered the orientation activity quickly and toured the virtual 

world with ease. A handful only experienced difficulties, and even then, only of a minor 

nature. Learners’ learning types – that is, active types versus passive types – could 

explain learners’ differing capacities to master VR navigation controls and touring a 

virtual world with ease. But regardless, all participants were given as much time as they 

felt they required to achieve competence and confidence using the VR equipment and 

navigation tools. In the end-of experiment feedback activity, several participants 

expressed their appreciation of this (hands-on practice and orientation) step in the 

experimental process and the gentle guidance and assistance they received from the 

researcher.  

 

Effective navigation is critical to locating information with which to engage with and to 

learn in a virtual environment. Linked to navigation is speed –  a major design concern 

raised by learners. Navigating and locating information in a virtual space impacts on the 

pace with which a learner learns, and has consequences for learners’ cognitive load, 

accelerated learning, learners’ satisfaction with their learning environment and learning 

performance. An additional factor of importance is vision. VR displays are highly 

vision-dependent. Where many learners will use an HMD unit without concerns, some 

can experience discomfort through the HMD’s ill-fit, their dislike of the eye piece 

display panels, low level fear through unfamiliarity, perceived fear of personal safety 

and so on. Whereas a VR world designer can anticipate and allay most learners’ physical 

and psychological concerns with a VR system and world, emotional concerns are less 

easily resolved. 

 

Cleaver (1994) commenting in the negative on learning with technology in his article 

‘Curing the technophobe’ outlines problems that a percentage of people experience 

interacting with computer technologies, citing in particular problems that technophobes 

experience when learning through technologies - such as students dropping out of 
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courses, and slow learning pace. Ford (2000) takes an opposite position, highlighting 

design alternatives that complement the weaknesses of individual users. 

 

Human factors 

Human factors relating to self directed learning with VR technology include: navigation, 

orientation, wayfinding and the HMD. Open VR world designs enable learners to tour 

their virtual world unencumbered whilst closed designs channel or block learners’ 

routes. Navigation features often in discussions in the literature, for example: Wailer, 

Knapp & Hunt (2001); Waller, Loomis, Golledge & Beall (2000); Skelton et al (2000); 

Thomas, Laurence, Luczak & Jacobs (2000); Waller (2000); Werkhoven & Groen (1998); 

Foreman & Gillet (1997); Fu (1997); Wilson (1997); Wann & Mon-Williams (1996). A 

major human factors concern associated with navigation is vertigo or nausea. The two 

are closely related. Its onset is a curse for both VR users and designers alike. As 

previously discussed, reducing the speed of the learner’s avatar is one way of resolving 

the onset of vertigo or nausea. However, self-directed learning in a VR world implies 

full and total user control. In this study, some learning style types attempted to literally 

race, systematically and with purpose, through their VR environment. Assimilator E79 

experienced problems co-ordinating the mouse and HMD navigation devices, which 

resulted in his reducing the effectiveness of his learning journey. The participants who 

orientated themselves to their learning medium’s content before starting their journey, 

optimised their learning experience. 

 

VR and internet users’ orientation was a predominantly cognitive activity. Learners 

required fine motor skills to navigate effectively. A majority of comments offered by 

participants of their experience reflected emotional needs and wants, not physical needs 

and wants. VR users commented on having to work at learning whilst the other systems’ 

users did not. 

 

Orientation within the virtual world and navigating through it were chief human factors 

safety concerns for the researcher. A small number of learners had difficulty mastering 

the navigation devices and some, the HMD. HMD technology has advanced 

substantially in the years since HMD’s were first introduced. In many systems they are 

the most critical piece of equipment by virtue of their enclosing a user’s sight and 
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immersing them physically in a virtual world. But HMD has problems for users that 

persist with this technology even today, some of which are discussed by Bakker, 

Passenier and Werkhoven (2003) who look at navigation interfaces and what they refer 

to as ‘head slaved navigation’. 

 

Immersion 

Immersive systems have been described and analysed by a number of researchers. 

Psotka (1995), for example, wrote an introduction to immersive training systems 

describing its possibilities in training and education; and Dede (1993) has written 

numerous articles describing applications and issues relating to VR learning, including 

the place of immersion in that. 

 

Immersion does not guarantee a learner greater learning performance than other 

learning strategies. But it does encourage a better learning result through engaging 

learners both emotionally, physically and to some extent intellectually. Learners used 

the term ‘feeling’ when describing their experience in the VR world. Action words such 

as walking, moving, engage, excite, involved, disorientated, closed in, being there, 

immediacy, mimic reality were also used freely to describe their experiences. VR is an 

experience. It has been called seductive, and there is some truth in that up until the time 

that its novelty wears off.  

 

Participants have described their immersion experiences as deeply engaging them 

emotionally and mentally. Achieving immersion, or presence, is possibly the ultimate 

aim of a virtual tour. When disbelief in the artificiality of the virtual world has been 

suspended, immersion has usually taken hold. Users do experience immersion and 

presence to differing degrees. It varies with individuals’ preparedness to ‘let go’. All VR 

learners in this study stayed in the VR world for the full 30 minutes allocated for their 

journey. The length of time that VR learners spent touring the VR environment is 

important to this study. Wilson (1997) produced a framework of potential influencing 

factors identifying VE design, characteristics and participants and circumstances of use. 

He found that ‘approximately 80% of subjects across all experiments reported some 

increase in (motion sickness) symptoms; for most the symptoms were mild and short-

lived but for 5%, they were so severe that they had to end their participation’. (Wilson 



Chapter 7: The VRSDL Model 
 
 

 

 7-27 

1997 p1072) As previously reported, the onset of nausea was not a problem for VR 

learning system users in this study. 

 
 
7.2.3  Adult Learning 
 
 
What is learned, and how that learning is then put to use is foremost a learner’s concern. 

Adult learners obtain information for a range of functional or recreational purposes. As 

independent thinkers, people have a need to exert control over their own lives. (Brown 

2000; Currie 1995; Knowles 1980; Lindeman 1926) They process information individually 

and absorb and create knowledge to meet a range of needs. (Caudron 1999, 1996; 

Knowles 1990) They want more and relevant information available in alternative forms 

and at times that are convenient with their lifestyles. They shun education processes that 

are geared towards providing general information, and are demanding of learning 

events that more specifically address their individual needs. (Caudron 1996, 1999; 

Chyung, Winiecki & Fenner 1999; Brown 1997; DeVries 1996; Knowles 1990) 

 

To learn, a person needs to engage cognitively and emotionally with information 

(content) conveyed through a source (medium) used singularly or in combination with 

other media, in an environment that is conducive to learning. DeVries 1996; Knowles 

1980) Learning media - such as a book and a computer - are devices that hold 

information and knowledge. (Bork 1997) For learners, learning environments comprise 

two juxtaposed dimensions: the outer physical world environment that is inhabited by 

them, and the internal physiological and physical states that influence their 

predisposition to learn. (Boud and Miller 1996) So it follows, that a learner should 

achieve an optimal learning state when these key factors are in balance. 

 

A fundamental problem with theories of learning and learning strategies is that they 

tend to downplay, if not ignore, learning being situational and the act of learning being 

individual and personal. Learners do not always know which learning process is most 

effective for them in a given situation. This study has attempted to examine existing 

notions of computer based learning, within a new framework. The researcher asserts 

that as computer technologies become increasingly user-friendly and people become 
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more aware, familiar and less apprehensive about them, greater strides will take place in 

this realm. 

 

With the aim of designing and testing in an experiment a learning environment built 

against the known needs of adult learners, Knowles’ adult learning principles were the 

primary guide for the VRSDL model. The principal aim of the design chosen was to 

deliver to learners information they could want, in a manner in which they wanted to 

learn and empower them in that process. 

 

 

The dominant learning paradigm meets technology 

 

It is a concern for adults learning through either institutional or naturalistic avenues, or 

a combination of both, that they are rarely in control of the learning conditions that 

impact on the effectiveness of their learning. Not surprisingly, whilst not all adult 

learners’ individual learning needs are, or are capable of being, met through traditional 

learning strategies, neither are unstructured learning strategies always an appropriate 

and effective alternative. Similarly, the characteristics of mainstream technologies - for 

example, video, television, computer-based learning packages, books -  are not suitable 

for everyone. 

 

At a surface level, few adults appear to take charge of their own learning. Burns (1997), 

reflected: ‘One of the biggest problems with quality training courses is that people never 

have time to attend them.’ (p22) But on examination of his concern, the courses he refers 

to are those which are scheduled at a time that ignores learners work responsibilities, are 

not accessible from the work place, are perceived as force feeding employees to learn, 

needing to be available in a variety of media and providing learners with personal gains. 

Reinforcing the issue of adult learners’ motivation to learn, Wagschal (1997) said that 

‘Adult learners are highly motivated and are committed to learning because they have a 

clear vision of what they want to do after they graduate and are confident in obtaining 

their dream.’ (p22) But contrasting this view, in the context of vocational education and 

training courses, Warner and Christie (1999) held that ‘the assumption that students’ are 

ready for the flexible delivery of courses does not seem warranted’. (p1161) 
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Every learner is an individual with preferences in how they learn. Patterns of 

preferences, learning styles and types have been identified in research. Where much of 

the literature would have us believe that as a learning strategy, self-directed learning is 

‘unwise’ (for example, B.F.Skinner 1968), the researcher contends that adults can learn 

efficiently, in a self-directed manner, using a virtual reality technology learning system 

that has the capability to serve as both the source of information (that is, impart 

information and skills) and a medium for information delivery. 

 

This study differs from other VR technology-based learning experiments and studies 

that have preceded it in the way that it subordinates the testing and measurement of 

adults’ learning performance in order to achieve an andragogical learning framework. To 

the best of the researcher’s knowledge, no prior formal studies of this type have been 

undertaken. The researcher’s position is that learning is a process which, to attain 

optimum results, should engage the learner. Odiorne (1991) commented that learning 

theorists disagree on when learning occurs and that he thought it happens in a ‘magic 

moment’ somewhere between present behavior and desired behavior.  

 

This study’s philosophy of learner-centric learning does not fit easily into contemporary 

learning theories. For example, Gagne’s (1965) eight conditions of learning, Knowles’ 

(1990) six assumptions, Pratt et al’s (1995) four learner support categories, and most 

educators’ conceptions of what constitutes self-directed learning. Furthermore this 

study’s mention of the concept of information management as being integral to the 

VRSDL model is based on a future not present vision of offerings for self-directed 

adults’ learning through highly complex information disseminating systems. 

 

The results of this study have demonstrated that the proposition of an alternative, self-

directed virtual reality learning environment is one that some adult learners will 

embrace vigorously, and others less so. It also shows that adults can learn 

andragogically in a virtual reality environment. This study also reiterated what is 

already widely known and written: that adults are different, and want alternatives to 

learning different things at different times. 
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The researcher’s primary concern for adult learning practice is with a learning 

environment of the quality that adult learners seek – one that meets both psychological 

and physiological needs. If VR technology’s effectiveness is to be fully realised, it should 

not be constrained by the capacities and biases of designers and users whose thinking 

might be judged ‘conventional’. 

 

Computer technologies are increasingly being used widely to assist adults to learn as 

much or as little as learners’ confidence, needs and skills permit. Learner’s learning style 

type, personality type, past experience and a host of others factors present both 

opportunities and obstacles to adults’ learning through computer technologies. 

Computer technologies can be easily misunderstood, feared and subsequently avoided 

by people who do not understand them or have little or no experience with them. 

Adults will often use traditional learning strategies and technologies out of habit 

because they are known to them and comfortable choices. Consistent with that, adult 

learners are unlikely to realise how well a VR learning system might service their 

learning needs until they have tried one. The ‘surprise’ responses from participants in 

this study who used a VRSDL learning system, is evidence that VR has enormous 

potential in the area of self-directed adult learning where it is designed and constructed 

in accordance with learners’ needs. However, taking that leap of faith was one forced on 

some participants by the study. 

 

The VRSDL model’s characteristics equate to those of naturalistic learning 

environments. The learning environment presented to learners was potentially not 

unlike settings that they would encounter in everyday life. In the literature, VR learning 

environments are said to offer learners portability and convenience – conditions not 

readily available in group-based learning strategies. Virtual reality learning 

environments are also described as being at the same time visual, immersive and 

perceptually actual - characteristics once again not readily found in other learning 

technologies. These claims are attractive, but at best, mainstream VR systems and 

technology used in learning activities are visually ‘clunky’ and therefore not visually 

‘real-world’ just yet. 
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General issues with adult self-directed learning, language and culture, and the 

personality of participants were aspects influencing the limitations of this study. During 

the course of validating the instruments, several anomalies were found in adult learning 

theory and praxis. Disappointing quantitative results may have come about because of 

the low number of participants involved, because a new technology such as VR could 

not be expected to be many participants’ first choice of medium, and because of some of 

the other inevitable study limitations, such as participants not having a free choice of 

any topic or particular personal interest.  

 
 

7.3  THE VRSDL MODEL 
 
 
Beginning with a review of the literature to prepare the framework of assumptions in 

Chapter 4, added to which are the findings from research in chapter 6, this section 

presents the model of virtual reality self-directed learning (the VRSDL model). 

 

The VRSDL model has two levels: 

 

1. an overarching, conceptual ‘Forcefield’ framework (Figure 7.1); and  

2. a Thematic set of propositions (Figure 7.2). 

 

The impetus for developing the VRSDL model was that need described in the literature 

to extend adult learning literature – specifically self-directed learning - in relation to VR 

technology-based learning.  

 

The goal of the model is to guide adult learners and adult educators in the 

metacognitive self-directed learning of individuals. The researcher contends that an 

ideal learning environment is one in which an adult learner exerts total control over sub-

systems and events in a learning regime of his choosing. That is, the learner would have 

total autonomy and right of choice in what, how and when he learns; the virtual reality 

learning system would provide a flexible, information-rich environment that would 
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allow him to learn by exploring, hearing, seeing, reading and manipulating objects of his 

choosing. In this conception, an adult learner would: 

 

• control the virtual reality learning system (delivery system), 

• manipulate the content, sequence, rate and speed of delivery of information 

drawn into the virtual environment (the learning event), 

• gain knowledge and skills on a topic of his own choosing (subject choice), 

• refer to a tutor for assistance if assistance is required (support resource), 

• terminate the learning event at a time of his choosing, and 

• evaluate his own performance against learning journey learning goals set by 

him prior to his learning journey (self-evaluation). 

 

With the inevitable limitations that a laboratory-based study such as this imposes, the 

study’s experiment collected appropriate data to test as many of these assumptions as 

possible. Of major importance to the purpose of this study is that the VRSDL model was 

developed from the perspective of an adult learners’ needs, not educators’. 

 

The Forcefield system 

 

In the VRSDL model, there is a forcefield of independent ‘concepts’ and ‘systems’ each 

interacting on each other. Conceptually, these create a ‘meta-system’ learning 

environment in which adult learning theory, virtual reality technology research and 

information management theory converge. The Forcefield system’s independent 

concepts and systems are: (adult) learning theory, learning technology (systems), 

information (system), and the adult learner (refer Figure 7.1). 
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Figure 7.1:  Self-Directed, Adult Learning Model: Systems, Concepts and ‘Forcefield’ 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
The adult learner is situated at the centre of the three nodes and is both an active and 

passive recipient of their dynamism. The nodes and the forcefield together form a 

learning environment that is immediate and specific to the learner. Each node (system) 

contains a further arrangement of sub-components. For example, Andragogy is 

underpinned with adult learning assumptions and learning processes (Lindeman 1926, 

Tough 1979, Knowles 1990, Tennant 1997, Simpson 1995, Foley 1995); self-directed 

learning with principles of self-directedness (Long 1993, Knowles 1975); learner learning 

styles (Kolb), cognitive learning domains (Bloom 1956, Anderson and Sosniak 1994); 

learning technology with computer-based instructional design and computer-mediated 

tutoring; virtual-reality hardware and software configurations; and learner sensory 

response (visual, auditory and kinaesthetic) research (O’Connor and Seymour 1994). 

These were discussed in Chapters 2 and 3. Were information systems included in 

discussion, they would be underpinned by data, information and knowledge storage 

and transmission systems. 
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The thematic propositions 

 

An adult’s learning resulting from the integration of the four VRSDL nodes is a first 

concern for this thesis. A second level concern is the (thematic) set of propositions 

derived from this study’s experiment (refer Figure 7.2). 

 

Figure 7.2: Thematic propositions: two levels 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The thematic propositions in Figure 7.2 have been explored in research questions within 

Goals 1 and 2. Each factor displayed against Goal 1 and Goal 2 is a critical factor in the 

VRSDL learning model. Level 1 represents ‘universal truths’ – that is, principles that 

apply to all three of the study’s learning systems - and level 2, VR system user-specific 

propositions. 

 

Where Goal 1 compared the three media used in this study and demonstrated difference 

between media, but not superiority – in part through either learners’ unfamiliarity or 

dislike of their medium over another familiar or preferred option - Goal 2 investigated 

specifically VR learners’ experiences learning with that medium, through self direction, 

in an adult learning environment. 
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Goal 1 highlighted learner behaviours of particular relevance to self-directed learners 

and educators seeking to maximise learning ventures. As each of the three treatments 

had equal numbers of participants from each learning style type, the groups were 

considered reasonably representative.  

 

No effect of medium was found on learning, and yet a major finding that emerged from 

this research was that where learner types have a strong preferences for one medium or 

another, they should use the medium which most satisfies their comfort needs, then 

their information needs to learn well.  

 

Convergers for example could learn well on any of the three media, but their best results 

were on the internet. On examination of the reasons for this, it appears that Convergers, 

being highly task orientated, may have a high preference for producing results, and the 

internet affords them full, rapid response and control over that system’s information 

holdings – more so than a book and this VR system to do that. Conversely, Assimilators 

were most comfortable with a book. Assimilators use technology and are efficient at 

learning with it, but they are most comfortable with books. This suggests a correlation 

between books and their tactile – and possibly olfactory - stimulation needs.  

 

Most importantly from this study, each of the three media demonstrated their capacity 

to support an adult learning strategy and environment, support a self-directed learning 

strategy, facilitate learning and cater for the needs of learners from each of the four Kolb 

learning styles.  Where there is difference in performance results, it can be attributed to 

learner type behaviours, and individual difference, for positive as well as less positive 

results. 

 

For Goal 2, a small sample (n = 32) of VR system users only was surveyed. Four cells of 

eight learners could not yield statistically significant results. However, the data collected 

were sufficient to suggest the nature of each learning style type preference. Once again, 

learning style types behaved true to type to produce results that were mostly predictable 

of learner type. 
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VR system users were divided in their liking of that system for learning. It had an 

enjoyment and fun factor, and its environment was commented on by a majority. But 

when the critical question ‘would you prefer to use this to learn with’ was asked, most 

learners said ‘no’. It would be easy to declare the reason for this response as being 

techno-aversion , but in truth, whilst novelty motivates, and interest is genuine, once 

again, learners appear inclined to stick with that which is known, the tried and true 

methods (for example, books) no matter how inefficient they may be in comparison. 

That the VR system learners learned fewer facts than the learners using the other two 

systems cannot be ignored. To deduce that the VR system was the least efficient of the 

three learning systems in this study would be a reasonable conclusion to draw. But 

whether VR learners’ low scores were due to the VR system’s design, their 

incompatability with it, or for some other reason, is a matter requiring further research. 

 

The findings of Goal 1 were confirmed by the data that was analysed for Goal 2 research 

questions. A majority of VR learners indicated satisfaction with the VR system 

supporting an adult learning strategy, providing them with support of a form they 

required, and moderate satisfaction with the system. Notwithstanding that every leaner 

has individual and specific design and functional needs that they would expect met, and 

meeting all needs is not always possible in one system as contradictory demands do 

arise. Technological factors were perceived as tolerable – and again expectations were 

not always able to be delivered upon. Human factors issues were within learners’ 

requirements, and complied with the human safety considerations discussed in the 

literature. Evidence of immersion and presence did emerge and did provide an 

unknown number of learners with a rich and fulfilling experience. Whilst the third node 

of the model - information system - is an assumed part of this model was not 

investigated, no data is available to present this. 

 

The thematic propositions of the VRSDL model are founded on Knowles’ adult learning 

model. That is: 

 
1. Adults are motivated to learn as they experience needs and interests that 

learning will satisfy - these are appropriate starting points for organizing 
adult learning activities; 
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2. Adults’ orientation to learning is life-centred - the appropriate units for 
organizing adult learning are life situations; 

3. Experience is the richest resource for adults’ learning; 
4. Adults have a deep need to be self-directing; 
5. Individual differences among people increase with age - differences in style, 

time, place and pace of learning. 
(Knowles 1990 p31) 

 
 

Knowles’ principles of adult learning, as well as the work of several other major learning 

theorists, were extended by this study. From both the literature and an analysis of all 

data collected in the experiment, the researcher identified a set of four propositions 

relating to general learning, and six relating to VR system learners and mapped these 

against each of Kolb’s four learning style types. At the intersection of each proposition 

and each learning type in the resulting matrix (Figure 7.3) are key words that describe 

the major preference of each learner type. 
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Figure 7.3: Propositions x Learning styles (model) 
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‘technological factors’, ‘human factors’ and ‘immersion’, each of the learning style types 

held different needs and expectations of a system. For the researcher, this reinforced 

what has already been said in the literature, and argued in Chapters 5, 6 and 7, about 

learner types: that adult learners have individual and specific needs. 

 

The role of evaluation  

 

This study’s VRSDL model uses Knowles’ principles - applicable to an educational 

model – in a learning model that supports the needs of a non-dependent self-directed 

learner, but the model does not include an evaluation event. In this, it thus differs from 

Knowles’ (1990) educational conception which supports educational objectives, and does 

include an evaluation event. 

 

Changes to the framework for the model as a result of research 

 

The theoretical VRSDL framework (see Chapter 4) derived by the researcher did not fail 

when implemented in this study’s experiment. But had the conceptualised form of the 

framework not been modified prior to experimentation, to exclude the open information 

delivery system intended for the study’s two electronic learning media - when it was 

realised that it would have been irrelevant to the book module – a comparison of the 

three media could have been compromised. 

 

The ready availability and delivery of information to media through an information 

management system is a concept that is best described as providing in- and out-flow of 

information on demand. Through the experiment, the researcher came to realise that the 

exclusion of an information management system from this research did not appear to 

degrade how adults processed information, and therefore learned. Participants did, 

however, notice having a limited and narrow selection of information available to them 

in this experiment, and that may have impacted on their intrinsic motivation, and in 

turn their learning performance. The inclusion of an information node is therefore still 

considered advantageous to the concept of the VRSDL framework and is recommended 

as a matter for inclusion in future research. 
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The combination of sample, modules, curriculum, research instruments and the learners’ 

performances in experiment produced findings from research that, though predicted by 

the researcher as a result of his having read widely, were not found by the researcher in 

any one piece of research. Women, ESL learners, disabled learners, and learners’ cultural 

dimensions could also have featured in the framework, learning environments could 

have been designed differently, and some design trade-offs might not have been made. 

But these things were not part of this study’s purpose and design. The researcher 

perceives that the framework as presented was successful, and the aims of this study 

were met. But he also considers that until technology is able to provide learners with VR 

environments and information on-demand, as internet users presently enjoy, and other 

dimensions such as those mentioned that were not featured in the study are included, 

the framework offered here will be incomplete and be regarded as a theoretical model. 

 

 

7.4  DISCUSSION AND CONCLUSION 
 
 
Adults prefer to learn in their own way, place, time, subject choice, style, and pace. 

Through limited resources available in traditional learning institutions, many adult 

learners have learned to become dependent on institutional-type learning systems.  

Learners want both the freedom to choose what, when, where and how to learn, but 

want a facilitator on-hand when needed. Resource limitations make the range of adult 

learners’ demands untenable.  

 

The concept of self-directed, autonomous learner learning has connotations of a learner 

learning without structure or direction.  That is one of a myriad of interpretations that 

opponents of self-directed learning, of andragogy, and of technology-based learning 

offer to discourage learner-directed learning using technology of the type suggested in 

this study. The researcher interprets effective learning as occurring when the adult 

learner has total control over their learning experience. 

 

The researcher’s position, on the first question is that learning is a process which, to 

attain optimum results, should engage the learner.  On the matter of when learning 

occurs, Odiorne (1991) commented that learning theorists disagree on this.  Odiorne’s 
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own conclusion is that learning happens in a ‘magic moment’ somewhere between 

present behavior and desired behavior. As untechnical as Odiorne’s definition may 

appear, it has been adopted by the researcher to aid discussion in this study. On the 

third question, the researcher’s view is that a psychologically mature learner would be 

capable of deciding the form and degree of control over the process exercised, and that 

the learner should be allowed to do this.  

 

As these categories (Houle’s three types – Griffith [in Jarvis] 1987 p154) are both neat in 

their definition and consistent with the general profile expected of the research 

experiment sample, they were used in the investigation of the research problem. 

 

Andragogy’s assumptions perform the important function of this study’s learning 

design. Andragogy was selected by the researcher as the study’s theoretical framework, 

and self-directed learning as the technique of learning to move the theory into practice. 

Underpinning their overarching design principles are several further levels and 

processes - described in Chapters 2 and 3.  

 

Virtual reality technology and the other technologies selected for comparison in this 

study perform the technical and operational delivery-type function in the final model.  

Both the theoretical and technical aspects of this study are of equal importance to the 

final model proposed by this study.  

 

The assumptions of adult learning described by Lindeman (1926), Tough (1979), 

Knowles (1990), Tennant (1997), Simpson (1995), Foley (1995), and an array of other key 

authors with major interests in adult learning theory and practice, converged with a 

head-mounted virtual reality technology learning system, purpose-built to allow an 

adult learner-user full control over the learning process and the learning content of a 

subject of their choice, are the basis of this study’s VRSDL model. 

 

The VRSDL model proposed through this study is one that through self-directed adult 

learning virtual reality learning model, based in adult learning theory (andragogy) and 

techniques of adult learning (SDL, LSI, Bloom’s taxonomy) aims to put the control and 

management of learners’ learning into learners’ hands. In this proposition, teachers are 
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not dispensed with, but instead promoted to providing a strategic role: supporting VR 

learning environments and systems. 

 

Reports describing the design and application of major VR technology types (for 

example, Antonietti, Imperio, Rasi & Sacco 1999; Slator et al 1999; Cho 1999; Youngblut 

1998; Angehrn & Nabeth 1997; Seidel and Chatelier1997; Steele-Johnson & Hyde 1996) 

describe uses that are skewed toward achieving outcomes based in extrinsic education 

and training paradigms, thereby reinforcing for the researcher, the view that learning 

designers predominantly follow traditional models of learning. That is, those where 

teachers maintain control of the pace, sequence and content of a lesson (Baumann 1988).  

 

VR technology development 

 

Many gaps have occurred in the literature through a majority of virtual reality research 

being undertaken into the use of the four-plus types of virtual reality technology in 

education and training paradigms, but not into individual learner learning. Research 

into virtual reality’s wider use is well underway in several locations throughout the 

world (Furness in Miller 1992) in universities and in industry. Himanshu & Cardinali 

(1994) cited industrial giants such as AT&T, Boeing, General Motors, IBM, NASA and 

many others investing millions of dollars on virtual reality developers. 

 

Around the time this study’s research design was formulated, a number of studies 

reporting the applications of VR technologies in industry and education research were 

reported. A selection of these informed and guided the design of this study. For 

example, The NICE Project: Learning together in a virtual world (Johnson et al 1998), 

modular VR (Menousek & Wolfe 1997), The Virtual Explorer (Dean et al 1997), Web-

based virtual environment for operator training (Tam et al 1999), artificial realities for 

improving learning Newtonian mechanics (Dede, Loftin & Regian 1994), Physics 

education in a virtual environment (Brelsford 1993), virtual environments for education 

at NDSU1 (Slator et al 1999), the design and operation of a VR operator-training system 

(Okapuu-von Veh et al 1996), the Motorola pager assembly line (Wittenberg 1995), a VR 

                                                 
1 North Dakota State University, Fargo, North Dakota, USA. 
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based task training model for mine-equipment operation (Chakraborty 1997), Amoco’s 

PC-based VR driver training simulator (I/S Analyzer 1997), the Virtual Reality Roving 

Vehicles (VRRV) Project (Rose 1995), Combat Vehicle Identification (Bass 1998), haptic 

VR for training veterinary students Brewster, Montgomery & Glendye (1999), VR used 

to augment real-world experiences (Johnson et al 2002), an examination of the transfer of 

training from VR (Kozak, Hancock, Arthur & Chrysler 1993), validation and verification 

of virtual environment training systems (Zeltzer and Pioch 1996), interface paradigms 

for entity control in a virtual world (Pratt, Locke, Barham & Falby 1995), the virtual 

work-bench for robotics training (Liu 1996), using virtual environments to convince 

patients that their hallucinations are not real (Nowak 2002). These and a number of other 

applications, studies and findings from VR and education research were reported in 

Chapter 4. Together, they were instrumental in providing information and models that 

guided the formulation of this study’s thesis. 

 

A trend that has emerged in recent years is that of institutions of learning directing 

resources toward machine-based interfaced learning (for example, distance learning, 

internet, CD-ROM) and traditional teaching environments giving way to technology-

based learning environments (Deal 2002; Shea, Motiwalla & Lewis 2001; Buell 2000; 

Easton 2000; Winegar 2000; Brown 1999; Caudron 1999; DiPaolo 1999; Driscoll 1999; 

Young 1998; Barker & Tan 1997; Demery 1996; Perez & Ninnes 1996; Becker 1995; 

Waddick 1995; Edwards, Weber & Hilyard 1994). A consequence of that movement is: 

learners having to become more autonomous, and having less contact with human 

instructors, than in times past. 

 

This trend has not gone unnoticed by researchers. Recognizing that ‘many new and 

innovative technologies were theorized and implemented in the field of computer 

science’ Cho (1999, abstract) proposed a new educational theory that explained the new 

educational environments generated by computer technologies – amongst these were 

multimedia, the internet and virtual reality. 
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The learner’s conundrum 

 

It is within human nature to want to learn as efficiently as possible. Whether learners are 

motivated to learn by the pressure of events, a perceived lack of time in today’s hurried 

world, or simply out of laziness, is not important. An inordinate amount of the literature 

on human learning is written from behaviourist or cognitivist perspectives and appears 

caught up in semantic debates which refine existing knowledge of education-based 

learning systems and processes. 

 

Conclusion 

 

How humans learn is a critical issue for this study. By nature, adult humans will gain 

knowledge (learning) through either andragogical or pedagogical strategies, in both 

natural and experimental settings. This presented a problem for this study, and one 

which the learning design and experimental process attempted to control.  

 

The VRSDL model presented in this chapter is destined to experience problems that any 

pioneering model could be expected to experience. Two areas particularly contentious 

are the choice of a topic that the learner wants to learn; and secondly, the measurement 

of the learners’ performance (learning) in that subject. Both are universally dilemmas for 

research designers but need not be in a real-world self-directed learning process.  

 

The important difference in this study from other VR technology-based learning 

experiments and studies is in the way that it subordinated the testing and measurement 

of adults’ learning performance to achieve an andragogical learning framework.  Within 

each medium there are strengths and weaknesses. No one learning medium is 

universally complete in every regard and therefore able to satisfy every user’s support 

needs. It was never the aim of this study to provide learners with a ‘one-system-does-all’ 

learning system. 

 

Learning designs, when properly constructed, will meet the needs of a majority, but not 

necessarily all, learners. To support self-directed learning, general designs will 

inevitably contain faults as contradictions arise in attempting to be all things to all 
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people. For example, one person may assess a given topic as being too detailed, and 

another assess the topic as being too brief, another too technical and so on. Hence an 

ideal design and presentation of a topic is problematic for curriculum designers. 

 

Virtual reality technologies are appealing to the human psyche of curiosity and 

imagination.  They offer learners empowerment, and are in character both natural and 

novel. But in practice, experimental virtual reality learning systems have not generally 

reached technological maturity, nor the capability of full-user control. 

 

Who would be interested in this study 

 

The findings from this study would be useful to educators and to anyone interested in 

developing their stores of knowledge through a non-traditional strategy. This study 

could also interest virtual reality enthusiasts or people looking toward technology-based 

learning or a learning environment with a difference. Educational institutions might 

consider the principles discussed here, in particular learner-centred learning and self-

direction, in the light of the recent public popularity and interest shown by institutions 

of learning to offer distance learning and computer-networked and distributed learning 

strategies.  

 

Checklist for VR developers 

 

The VR learning system developed for this study was low-cost and met its design 

purpose. Extensive research and trialing of a range of VR components was undertaken 

before choosing and assembling the system used. Effective systems are those that are 

purpose designed. Some common design principles for developers to note are: 

 
Wearable and navigation devices 
• robust 
• lightweight 
• adjustable to fit a majority of users 
• user-friendly: simple operation, fit for task 
• include only devices that are essential to task 
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VR Hardware/software 
• non-magnetic locating sensors 
• engine of a size and capacity for known tasks (as a minimum) 
• optimum graphics 
• optimum memory 
• broad field of view/vision (HMD, 3D glasses) 
• optimum pixels (HMD) and refresh rate 
 
Virtual world environment 
• consider cognitive load issues 
• scale objects to real-world parameters 
• calibrate avatar speed settings to eliminate vertigo/nausea 
• emulate real-world conditions: visual, aural, touch 
• normalise sensory stimuli 
• formulate an object interaction strategy 
• high refresh rate 
• seamlessness 
• navigation aids: maps, signposting within environment 
 
Adult Learning environment 
• user-centric design principles 
• rehearsal/orientation strategy 

 
 
7.5  RECOMMENDATIONS FOR FURTHER RESEARCH 
 
 
The technologies and strategies available for people to learn through have evolved 

slowly over many centuries. From the literature and research findings gained through 

this study, the researcher prepared the VRSDL model in the hope that it and this study’s 

findings generally will together raise both adult learners’ and adult educators’ 

awareness of virtual reality technology’s potential in the realm of self-directed learning, 

and introduce adults to an alternative way of addressing their learning needs. 

 

In hindsight, this project was somewhat ambitious in its goal. In intertwining the 

concepts adult learning, virtual reality technology and information management, this 

study has been constrained by the lack of and datedness of, the literature on these three 

areas. It has found countless questions in each and all of these areas requiring further 

research.  
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A key functional obstacle for the researcher in achieving more in this study was an 

inability to acquire affordable computer processing power. Related to this was an 

inability to secure the services of people skilled in assembling a virtual environment of a 

standard that was acceptable to both the researcher and pernickety learners. 

 

The functional breadth and depth of this study were limited foremost by the amount of 

resources available to the researcher to carry it out. The researcher would have preferred 

that this study research both adult males and females. A similar study of female adult 

learners and both male and female learners in the two maturation levels older than that 

surveyed would also yield valuable findings for the VRSDL model and for educators.  

 

An area of discussion not able to be included in this study was the node ‘information 

management’. A preliminary investigation into this aspect of the model showed this 

aspect of the model highly relevant and necessary but far too complex to be able to be 

included in this study in the level of detail needed for it to do justice to the model. 

 

It is the researcher’s view that the VRSDL model presented in this study is a mere 

prototype containing ideas that could be improved upon through debate and further 

research. It is a challenge worth visiting. Indeed, out of the interests and vision that 

prompted this study, the researcher would hope that other researchers would follow 

this line of research in the not too distant future. 

 

It is difficult to predict to what extent the development of virtual reality hardware and 

software will allow adults to practice independent learning. It is also unwise to predict a 

precise direction for this technology when so many technologies invented in times past 

have taken courses other than those intended for them. 

 

In many regards, this study has reasserted a number of facts previously known about 

adult learners and adult learning processes. In relation to adult learning theory, this 

thesis will hopefully stimulate thought and discussion on all of the matters raised by this 

investigation. It also reaffirms education research that argues that there are no finite 

answers, only more questions for research. 
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Today’s technologies are vastly more capable of delivering effective learning 

experiences to audiences greater in size and more diverse in their needs than those of 

days past and as such their further development and use should be more strongly 

encouraged. But merely having new technologies is not enough to aid adult learners to 

learn if these technologies are to be used within old paradigms. New paradigms are 

needed for new technologies to realise their potential. Laboratory experiments alone do 

not sufficiently measure their likely success in natural settings. 

 

It is the researcher’s hope that the VRSDL model would prompt adult educators to 

revise their views and use of traditional teaching strategies, embrace VR learning 

systems and incorporate them into their teaching schema. It is also the researcher's hope 

that the VRSDL model will stand independently but complement existing education 

process models and as applied research; and extend existing adult learning research and 

discussion in the areas of self-directed learning and technology-based learning, of other 

age groupings and of women – which were outside the scope and resources available for 

this study. 

 

It is the researcher’s vision that when virtual reality technology comes of age, adult 

learners will ‘live’ their learning through naturalistic strategies, reduce their need to de-

code vast amounts of written text, free them from having to invest precious mental 

energies in the mechanical processes of learning, and contribute to their enjoyment of 

learning.  

 

Knowles’ prediction that “new discoveries in the next decade will be related to the 

physiology and chemistry of learning, with special implications for the acceleration of 

learning and the efficiency of information processing” (Knowles 1990 p 51) points the 

way to new paradigms of learning. With insights linking technology and self-directed 

learning, he said: 

 
... if we take seriously the idea of this [learning] being a continuum, with 
self-directed inquiry being the highest form of learning, then we have an 
obligation to build into our strategies at each level some learning 
experiences that will help learners move up the continuum.  A 
computer-assisted program could have some branching episodes that 
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help learners upgrade their skills in using teachers and other resource 
people. ... the more proficient we become as self-directed learners, the 
better we can make use of all kinds of learning resources. (Knowles 1990 
pp116-117) 

 

Within these words, Knowles has suggested that if learners require a new learning 

paradigm, or a new ‘environment’ of learning without characteristics that impede 

learning, then one can be found within a computer-assisted program. An amount of 

delegation to machines of what we call learning has taken place in a very short 

timeframe. 

 

Knowles’ (1980 p56) concluded that: 
 
those methods and techniques which involve the individual most deeply in self-
directed enquiry will produce the greatest learning. 

 

As at the time this thesis was completed (2008) the researcher’s vision of VR technology 

available to the general public in both developed and developing nations has not been 

realised. The researcher is sincerely grateful to all those people that contributed to the 

development of this study. 

~~~~< >~~~~ 
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Appendix Title/ description 

A-1 Alexandria 50 BC-50 AD: Curriculum 

A-2 Curriculum design: information branching 

A-3 Trial and Experiment stages and steps 

A-4 Letter from the University of Canberra Ethics Committee 



Alexandria 50 BC-50 AD: Curriculum 

Illustration (description): 

• structures 

• location of structures 

• relationship of structures to 
each other 

Explanation (infonnation): 

• reputation/notoriety 

• appearance and demeanour 

• relationships/alliances 

• role in the community 

PEOPLE 

• Political PLACES 
• Scholars and Public figures • buildings/dwellings 
• denizens • temples and sacred sites 

• walkways 
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Appendix A-1 

\ 
CITYSCiE ~ 
• natural features / ~ 

• archwavs. statues and ohiet<; d'art 

• street plan (ie layout) 

• landmarks 

Practice: 

• intP.rnc-.t with hi1:tnric-J:1l fip11rP.<:. 

• interact with information aids 
• experience environmental noise 

J I 
ENVIRONMENT 

• relational sounds and climate 

• materials and textures / 

• flora and fauna 

• historical events 

~ 

Experience: 

• material textures 
• ambient noise of city 

/ communitv 
• ambient noise of natural 

environment 

• interrelationships of natural and 

man-made objects 

• view interaction of animate 

obiects 



Curriculum design: information branching 
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TRIAL AND EXPERIMENT STAGES AND STEPS 

PRE-EXPERIMENT 

(a) Forms Completion 
-Consent 
- LSI 
-SDLRS 
-VARK 

(b) Negotiated date to do experiment 

EXPERIMENT 

(a) Arrival, general orientation, administration, 
allocation to a learning system 

(b) Complete Pre-Questionnaire (Knowledge) 

(c) Orientation to Learning System 

(d) Use Learning System - tour 

(e) Complete Post-Questionnaire (Knowledge) 

(f) Interview 

POST-EXPERIMENT 

(a) General follow-up by Experimenter: 

(45 mins) 

(5 mins) 

(10 mins) 

(5-15 mins) 

(30 mins) 

(30 mins) 

(30 mins) 

- send summary of experimental results to each participant 

(b) Individual follow-up by Experimenter: 
- send selective information requested where possible ( eg LSI results 
and explanation) 
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Letter from the University of Canberra Ethics Committee 



UNIVERSITY OF CANBERRA 

COMMITTEE FOR ETHICS IN HUMAN RESEARCH 

Document for people who are participants in a research project 

CONTACTS FOR INFORMATION ON THE PROJECT AND 
INDEPENDENT COMPLAINTS PROCEDURE 

m 
DI. 
DI 
liiiiiil 

The following study has been reviewed and approved by the Committee for Ethics in Human Research: 

Project title: Adults' Learning Andragogically. 

Project number: 00/46 Principal researcher: Mr Bruce Mum 

1. As a participant or potential participant in research, you will have received written information 
about the research project. If you have questions or problems which are not answered in the 
information you have been given, you should consult the researcher or (if the researcher is a 
student) the research supervisor. For this project, the appropriate person is 

Name: Associate Professor Barbara Chambers 

Contact details: School of Professional and Community Education, University of Canberra 

Phone: 62015141 

2. If you wish to discuss with an independent person a complaint relating to 

• conduct of the project, or 

• your rights as a participant, or 

• University policy on research involving human participants, 

you should contact the Secretary of the University Research Committee 

Telephone (02) 6201 2466 Room 1D85, Secretariat, University of Canberra, ACT 2601. 

Providing research participants with this information is a requirement of the National Health and 
Medical Research Council National Statement on Ethical Conduct in Research Involving Humans, 
which applies to all research with human participants conducted in Australia. Further information on 
University of Canberra research policy is available in University of Canberra Guidelines for 
Responsible Practice in Research and Dealing with Problems of Research Misconduct and the 
Committee for Ethics in Human Research Human Ethics Manual. These documents are available from 
the Research Office at the above address or on the University's web site at 
http://wasp.canberra.edu.au:80/secretariat/respprac.html (Research Guidelines) 
http://wasp.canberra.edu.au:80/secretariat/ethics/human_ethics/manual-l .html (Human Ethics 
Manual) 

Postal Address: University of Canberra ACT 2601 Australia Location: University Avenue, Bruce ACT 
Telephone: +61(0)262015111 Facsimile: +61 (0)2 62015999 World Wide Web: http://www.canberra.edu.au 
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INSTRUMENTS AND FORMS 

Appendix Title/ description and Instrument numbers No.of 
pap;es 

B-1 Participant Recruitment Advertisement 1 

B-2 Candidate Suitability Questionnaire 1 

B-3 Letter to Candidates 4 

B-4 Experiment/Participant Orientation Schedule 2 

B-5 Informed Consent Form (Ethics Committee) 1 

B-6 Personal Particulars Questionnaire information sheet [No.1] 1 

B-7 Personal Particulars Questionnaire (Parts A-D) [No.1] 5 

B-8 LSI instrument [No.2] 1 

B-9 VARK instrument [No.3] 1 

B-10 SDLRS instrument [No.4] 1 

B-11 Pre-Experiment Topic Knowledge Questionnaire [No.SJ 3 

B-12 Post-Experiment Topic Knowledge Questionnaire [No.6] 5 

B-13 Post-Experiment Interview Questions (Schedule) [No.7] 2 

B-14 Experiment: Observation and Interview Log [No.BJ 1 

B-15 Adult Learning Experimental Design Questionnaire [No.9] 1 
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PARTICIPANT RECRUITMENT ADVERTISEMENT 

VOLUNTEERS NEEDED TO 'TOUR' AN ANCIENT CITY 
IN AN ADULT LEARNING EXPERIMENT 

Would you like to tour and experience an ancient city set in the period 48 
BC without leaving the ACT? 

I'm looking for men aged 22 years to not more than 39 years interested in 
taking part in an experiment to learn about this place. 

Participation is free and what and how you will learn about the ancient 
city within the limits of the curriculum set for the experiment is up to you. 
The curriculum designed for the experiment is rich with facts. Your 
participation would involve your investing about 45 minutes filling in 
questionnaires before attending the experiment site, and a further 2 
hours at the experiment site to undertake a 30 minute learning 'journey', 
complete three questionnaires and participate in a post-experiment 
interview. 

The study is taking place within an experimental 'laboratory' setting 
located at the University of Canberra and involves participants using one 
of three different forms of learning technology to 'learn' about the topic 
selected for this study. 

What do you get out of participating? Subject knowledge, an interesting 
experience to reflect upon in years to come, and a copy of findings from 
the experiment when the study is completed. 

Your participation would be by arrangement, and arrangements will be 
very flexible to accommodate your availability. 

Interested in participating? A limited number of places are now available. 

For more information, contact: 
Bruce Murn, PhD student, University of Canberra, phone (02) 6201 
2317, mobile: 0412 341 221 or email b.murn@student.canberra.edu.au 
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ID Code: ............. . 

Candidate Suitability Questionnaire 

QUESTION 

Age 
(Years, months) 

Languages 

Medical history 

Knowledge 
of Alexandria in 

E t, circa 48BC 
Reason for wanting 
to participate in the 
experiment 
(motivation) 

Familiarity with self
directed learning 
(SDL) technique/s 
(Instrument 2) 

Traditional 
learning technologies 
(eg books, videos, 
audio-ta es 
Computer-based 
learning technology 
(eg CBT/L, www) 

Virtual Reality (VR) 
technology 

Candidate's name 
and contact details: 

ADMINISTRATION 

CANDIDATE'S RESPONSE 

□ is highly self-directed in own learning 
□ has undertaken some form of SDL in the past 

CRITERIA FOR 
ACCEPTANCE TO PILOT 

STUDY/EXPERIMENT 
22 years to less than 40 
years on the day of the 
ex eriment 
Fluency in English 
(and other languages ?) 
s oken/read/understood 
physically and 
psychologically 
functional. 
nil knowledge preferred 

• desire to learn about 
the topic in the 
experiment 

• has an avenue for 
applying the new 
knowledge: 
- work? 
- social? 
- other? .................. . 

□ is aware of, but has not undertaken SDL before 
□ is not aware of SDL 

□ has used some form of traditional learning technology 
□ is aware of traditional learning concepts/technologies 
□ is not aware of traditional learning concepts/technologies 

□ has used some form of computer-based learning technology 
□ is aware of computer-based learning concepts/technologies 
□ is not aware of computer-based learning concepts/technologies 

□ has used some form of immersive VR technology 
□ has used some form of non-immersive VR (ie 2D) technology 
□ is aware of VR concepts/technology 
□ is not aware of VR concepts/technology 

Rejected /does not meet the criteria - no 
further action) 

section 

Postal address: 

Telephone number: 

Letter and Instruments posted to 
candidate: 

date compiled: 

date: ......................... . 

MEETS 
REQUIREMENTS 

(YES/NO) 
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UNIVERSITY OF CANBERRA 
Division of Co=unication and Education 

Dear 

ml 
I -

Thank you for your interest in my study. As I indicated in our recent conversation I 
consider you satisfy the preliminary requirements to participate in my study' s 
experiment. I am therefore writing to you with two purposes in mind. Firstly, to provide 
you with additional information about the study and its experiment; and secondly, to 
ask you to complete and return the four questionnaires and one form attached. These 
forms will measure your suitability to participate in the study' s experiment, and assist 
me to allocate you to an appropriate experiment group. 

The Study - Overview and Research Methodology 

The sh1dy I am conducting investigates, and compares the results of, individual adults' 
learning achievement through three learning media (technologies): two (different) 
computer-based, and one 'traditional'. Through my investigation I aim to develop an 
adult-learning model (based in adult learning theory, embracing adult learning 
preferences, and using three different learning media) which I envisage will assist both 

. adult educators, arid individual adults, to better plan and implement self-managed 
education and learning. 

In order to develop the model, I need to collect data (through experimentation) on the 
learning achievement of 96 male adults (research participants) aged from 22 years to not i 

more than 39 years. 

In my study I will be randomly allocating participants to one of three experiment 
treatment groups. The three groups will comprise participants equal in numbers, and 
equal in learning types. Each group will use a different learning medium. For the 
purposes of the experiment, the topic to be learned by participants in all three groups 
will be 'Alexandria in Egypt 4$ B.C.'. Each learning medium will contain identical 
factual information on this topic. However, because the three media have different 
characteristics, the method with which the content is delivered will vary. 

Participants will be required to learn about the topic individually - that is, they will 
learn alone and not within a group environment. Furthermore, participants will 
investigate the topic's content in a sequence of their own choosing, and have control 
over their experimental learning environment (ie. self-managed learning). 



The Experiment 

The experimental process commences when I notify you that you have been selected to 
participate in the study, you and I agree on the learning medium you will use, and we 
negotiate the date and time you will use it. The three learning media are located at the 
University of Canberra. When you arrive at the university to use your assigned learning 
medium, you will be regarded as the manager of your learning experience. The climate I 
will set for this step will be in accordance with adult-learning principles. I will not be 
'teaching' you the topic, nor will your learning medium fulfill that role. You will learn 
under your own direction, using the learning medium as a resource or 'tool'. I will be 
available to provide you with administrative and technical guidance, but not 
instructional guidance. 

From here, the experimental process is as follows: 

• at the site of the experiment, you will be briefed on the learning setting, 
complete a pre-experiment (topic knowledge) questionnaire, orientate 
yourself to the learning medium, and confirm your wellness to use the 
learning medium assigned to you. 

• you use the learning medium allocated for a maximum 30 minutes• exiting at 
any time you choose to do so; your interaction with the medium will be video
taped (subject to your agreement· see Informed Consent Form attached). 

• you complete a post-experiment (topic knowledge) questionnaire. 
• I interview you for approximately 30 minutes using the post-experiment 

questionnaire to guide our discussion, and record our discussion in writing. 
• you are desbriefed, and exit the experiment site after I have checked your 

wellness to leave. 

It is important to note that one of the two computer-based learning media is a 
relatively new, high-end technology known to cause some users nausea. Nausea may 
last from several seconds through to several hours. This presents a potential risk to you 
in terms of, for example, driving a vehicle after the experiment. Whilst I have procedures 
in place to detect and to address this problem, you are not obliged to use this medium if 
allocated to it. An.alternative medium can be readily assigned. 

I estimate your total participation in this study/ experimental process as: 

• approximately 45 minutes (sometime before the day of the experiment) to 
complete the questionnaires and form attached 1 

On the day of the experiment: 
• 5 minutes for study/ site familiarisation 
• time to complete the pre-experiment questionni\ire 
• orientation to the learning medium 
• 30 minutes self-directed learning 
• time to complete the post-experiment questionnaire; and 
• approximately 30 minutes for discussion of your learning experience 

(interview) and completion of a questionnaire measuring the presence of 
adult learning principles. 

I propose to collect and to record data on individual participants in written and 
electronic form. Written records include the questionnaires and form attached, a pre• 
and a post-experiment questionnaire ( designed to record what you know of the topic, 
and what have learned through the learning medium, respectively), an interview 
schedule. With your permission, I will video-record your interactions with the learning 
medium you are assigned to. At most, only your hands, arms and voice will be video
recorded. 



If you do not wish ta be video-taped, this wish will be respected. Your decision will not 
compromise your admission ta this study. If you give me permission ta video-tape 
record you, but at a later time withdraw your permission, the video-tape recording will 
be destroyed immediately. 

The questionnaires used in this study are intended as tools to assist me to categorise 
participants and their learning experiences, for later data analysis, and to guide our 30-
minute interview discussion. They are not 'tests' in the 'pass/fail' sense. My written 
notes made at interview are intended to record key points in our discussion. 

All information collected on participants during the course of this study will be coded to 
obscure their identity, and will be treated in a confidential manner. No person or 
organisation other than myself and those permitted under the University of Canberra's 
policies pertaining to research, will gain access to information conveyed to, or collected 
by, me. All information you provide will be treated in confidence in accordance with 
University of Canberra policies pertaining to confidentiality and ethics in human 
research. 

Confirming your suitability for this study 

In order to determine your suitability to participate in the study' s experiment, I require 
you to complete the following questionnaires and form (attached): 

• Personal Particulars questionnaire 
• SDLRS questionnaire 
• Learning Style Inventory (questionnaire) 
• V ARK questionnaire 
• Informed Consent Form 

Please complete these and return them to me in the stamped self-addressed envelope 
enclosed. As I need your individuaJ responses to questions, it is important that you 
complete these without consulting other persons. If you need clarification of any aspect 
of any of these forms, could you please contact me on either (02) 62012317 (business 
hours, University of Canberra) or 0412 341221 (mobile, anytime) to discuss your 
concerns. 

I will contact you shortly after you return these forms to me and advise your suitability. 
If suitable, we can then arrange a time to meet. How soon you use an experimental 
leaning medium is open, but please give this some thought so that when we next speak 
we can arrange a time which best suits you. 

In accordance with the University of Canberra's policy an ethics in human research, I 
must advise you that you may at any time during the_ study discontinue your 
participation. 

Thank you for your interest in this study. I look forward to meeting with you soon. 

Yours sincerely, 

Bruce Mum 
PhD student 

C:INSTR~ll'IT.DOC 



UNIVERSITY OF CANBERRA 

City-,. 

======="===--~=--=-.=-..:..==============! 

. Experiment site: 

Building 5 
Room 5C33 (Top floor, north-east corner of building) 
Division of Communication and Education 
University of Canberra 
BRUCE ACT 2601 

phone: 6201 2317 ; mobile: 0412 341 221 



Experiment/Participant Orientation Schedule 
(Checklist) 

This schedule is designed to aid standardisation of the experimental process. 
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Appendix B-4 

The following steps also reiterate the purpose of the study and the experiment, check the 
participant's understanding of those, introduce him to the laboratory setting, and introduce 
him to his learning environment. 

1. Welcome the participant, and attend to his individual and administrative concerns and 

comfort needs. 

2. Introduce and orientate the participant to the 'learning laboratory' environment. 

3. Re-state the purpose of the study to the participant (refer to letter to the participant). 

4. Re-state the purpose of the experiment (refer to letter to the participant). 

5. Re-state the participant's role in the experiment. Outline the experimental process 

(steps). State the experimental treatment group (learning medium) he is assigned to, 

the extent of control and self-direction he will have over the learning environment, 

the learning support he will have available to him during the experiment, and why 

and how videoing will be done. Is the participant's approval to be videoed still given? 

6. Check the Pre-Trial experiment paperwork is complete including: 
• Informed Consent Form 
• Medical History 
• LSI, SDLRS, V ARK answers. 

7. Advise the participant that he may exit the experiment at any time he wishes. 

8. Ask him ifhe has any questions; answer the questions to his satisfaction before 

proceeding. 

9. Administer the Pre-Experiment Topic Knowledge Questionnaire (Instrument 

No.Sb) - allow approximately 20 minutes for completion. 

10. Orientate the participant to his assigned learning medium: learning equipment 

components, seating arrangements. 
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11. Allow the participant to manipulate his learning experiment equipment/objects 

(book/website buttonsNR cursor) as much as he needs to become familiar with the 

medium - provide assistance and guidance in its use where needed. Note the time 

spent in practice. 

12. Ask for final questions of clarification, determine the participant's level of comfort 

with the experiment - purpose, environmental conditions, and so on - before 

commencing the 'learning' phase of the experiment. 

13. Advise the participant that he may take up to 30 minutes to explore the topic, at 

which time he will be signalled to stop. 

14. Reconfirm approval to video is still given. 

15. Set-up and start the Video Camera, recording the learning medium, not the 

participant (ie the book, computer screen/monitor). 

16. Participant engages with his learuing medium and learuing environment. 

17. Record the participant's time commenced, and monitor his learning behaviours.* 

18. either: the participant exits the experiment at a time of his choosing (ie up to 30 

minutes), or stop him when 30 minutes has elapsed. Note the finishing time. Allow 

him a few moments to mentally separate from the learning activity; attend to comfort 

needs. 

19. Introduce the participant to the Post-Experiment Topic Knowledge Questionnaire 

(Instrument No.Sc). Allow him approximately 30 minutes to complete it. 

20. Conduct the Post-Experiment Interview - refer Instrument No.6: Post-Experiment 

Interview Questions (schedule). 

* look for signs of nausea, fatigue, discomfort, needing help. 

NOTE: at appropriate intervals, invite the participant to ask questions so as to check 

his satisfaction with the ( experimental) process. 
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University of Canberra 

Adults' Learning Andragogically. 

INFORMED CONSENT FORM 

1, ............................................................................... , declare that I: 
(Candidate's name) 

I. Willingly volunteered to participate in the study "Adults · Learning 
Andragogically" conducted by Bruce Mum; 

2. Am aware of the purpose of the study; 

3. Agree to my being video recorded during the experiment; 

4. Understand that I may withdraw from the study at any time; 

5. Am aware that all information relating to my participation in the study will be 
treated 'in-confidence'; 

6. Agree to information collected about me being used in the study, and published; 

7. Wish to remain anonymous in the study's report of findings. 

Signed: ................................................................. . date: ................... . 
(Candidate) 

Signed: ................................................................. . date: ................... . 
(Researcher) 



Purpose and 
Organisation of 
the information in 
this questionnaire 

How the 
information will be 
used 

Completing the 
questionnaire 

Do you sign the 
questionnaire? 

What if you decide 
to withdraw from 
the study? 

How to complete the 

Personal Particulars Questionnaire 
and how your information will be handled. 
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Appendix B-6 
Instrument 1 

The purpose of this questionnaire is to collect demographic data about the 
people participating in the study's experiment. 
Information sought about you is in four parts: 

Part A: Status and Education 
Part B: Interest in the study and the topic chosen for this study 
Part C: Knowledge of, and experience with the research experiment's topic 
Part D: Medical history 

The researcher is bound by University of Canberra policy and guidelines 
regarding the use, disclosure and safeguarding of data and information collected 
by University students for research studies. 

All information you provide in this questionnaire and the study will be used 
only for the research purposes of this study. Participants' personal details will 
not be disclosed to any other person at any time. 

The information you provide will be held by the researcher only. Where 
individual items of information (data) will be transcribed onto a master list for 
tabulation purposes, the master list and your original questionnaire will be 
stored in accordance with University of Canberra research policy requirements. 
Records relating to your participation will not be duplicated in any other form 
whatsoever. 

All information obtained through this questionnaire will be used to develop a 
profile of participants according to age, educational background, and so on for 
later analysis against the aims and objectives of this study. 

If you require more information about where and how the information in this 
questionnaire will be used, please consult the researcher directly - contact 
details are listed on the front of the Personal Particulars Questionnaire, 
attached 

Please print your responses in the spaces provided, and tick appropriate boxes. 
Where the space provided is insufficient for your answers, write them on the 
back of the questionnaire, or on a separate sheet of paper and attach it to the 
questionnaire. 
Complete answers are important. If you are not sure about what information to 
include, ask the researcher for guidance. 
If you do not wish to answer a question, please put a line through it to 
indicate this decision to the researcher. Do not leave any question 
unmarked. 
No. Your signature is not required. 

Advise the researcher. All references to you will be deleted, and documentation 
destroyed. 
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Instrument 1 

Participant ID Code: ............. . 

PERSONAL PARTICULARS QUESTIONNAIRE 
- CANDIDATE -

PART A. - STATUS AND EDUCATION 

1. STATUS 

a. First Name and Family Name 

b. How would you prefer to be 
contacted by the researcher? 

(where via more than one item, 
please indicate your order of 
preference in the boxes as 
I, 2 ,3 etc) 

D Telephone: 

D e-mail: 

□ byFax: 

D byPost: 

D other: 

....................................... Postcode ......... .. 

If you require clarification of, or further information about, any of the questions asked in this 
questionnaire, please do not hesitate to contact Bruce Mum (the Researcher) via: 

University of Canberra phone: 
mobile phone: 
fax: 
email: 
mail: 

(02) 6201 2317 (business hours) 
0412 341 221 (24 hrs) 
(02) 6291 9777 (24 hrs) 
b.mum@student.canberra.edu.au 
Cl- IRCD (5C33) 
Division of Communication and Education 
University of Canberra ACT 2601 



2. EDUCATION BACKGROUND 

a. What was your age (in years) 
when you left secondary 
school? 

b. In which year did you complete 
secondary school studies? 

c. Have you undertaken any 
formal study since leaving 
secondary school ( eg 
apprenticeship, university 
degree, college certificate)? 

d. What is your highest 
qualification? 

e. Have you engaged in any other 
significant learning activities 
since leaving secondary school 
( eg. a self-development 
project)? 

f. Are you presently studying? 
If 'Yes' please indicate: 

(if studying more than one 
course, please provide details 
on the back of this page) 

g. Have you begun, but then 
discontinued any formal study 
since leaving school? 
If 'Yes' please indicate: 

(if more than once, please 
provide details on the back of 
this page) 

h. How would you describe your 
general motivation toward 
learning? 
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D Yes 

D No 

........... yrs 

Title: .............................................................................. . 

Year completed: 

A2A 

A2B 

A2Cl 

A2C2 

A2Dl 

A2D2 

Name of Institution: ........................................................ A2D3 

D Yes - please describe briefly: ................................. A2El 

0 No 

Title of course/activity: ................................................ .. 

Year commenced: 

Year and month expected to complete: 

% of course/activity completed: 

Studying full-time, part-time or both? 

Title of course/activity: ................................................. . 

Year commenced: 

Year and month ceased: 

% of course/activity completed: 

Studied full-time, part-time or both?: 

D High - actively seek out opportunities to learn 

D Medium - welcome learning opportunities that 
arise 

D Low - will learn only things that must be learned 

D None - no particular interest in learning 

A2E2 

A2E3 

A2Fl 

A2F2 

A2F3 

A2F4 

A2F5 

A2GJ 

A2G2 

A2G3 

A2G4 

A2G5 

A2Hl 

A2H2 

A2H3 

A2H4 
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PART B. - INTEREST IN THE STUDY/THE TOPIC 

I. What influenced your decision to participate in this study? 

.......................................................................................................................................... 

.......................................................................................................................................... 

The topic selected for the study's adult learning experiment is 'Alexandria in Egypt 48BC' 

2. Do you have a particular need to learn about this topic? 

Yes / No (circle one) 

If'Yes', why? .................................................................................................................. . 

.......................................................................................................................................... 

3. Are you seeking any particular information through this learning experience? 

Yes /No (circle one) 

If 'yes' what information are you seeking? ........................................................................ . 

.......................................................................................................................................... 

4. How relevant is knowledge about Alexandria in 48BC to what you identify as your 'learning needs'? 

□ highly relevant 

□ moderately relevant 

□ relevant 

□ some relevance 

□ not relevant 

5. How would you describe your motivation toward learning about Alexandria? 

D high - actively seek out opportunities to learn 

D medium - welcome learning opportunities that arise 

D low - will learn only things that must be learned 

D none - no particular interest 

[B4.l] 

[B4.2] 

[B4.3] 

[B4.4] 

[B4.5] 

[B5.l] 

[B5.2] 

[B5.3} 

[B5.4] 

6. After the experiment, how do you intend to use the knowledge of Alexandria in 48BC that you gained 
through the experiment? 

.......................................................................................................................................... 

··································"'"'"'"""'""""""""'""'"""'"""""""""'''"""'"''''"""""""""'"""'"""""'"""""""""''''''"""""""""'''"""""" 

.......................................................................................................................................... 



A endix B 

PART C. - KNOWLEDGE OF THE RESEARCH TOPIC 'ALEXANDRIA IN EGYPT 48BC' 

1. Briefly, how would you describe your present level of knowledge of Alexandria in Egypt 48BC? 

2. From which sources did you gain your knowledge of this topic? (tick appropriate boxes) 

D books 

D formal study: 

D school 

D college 

D university 

D other institution? 

D discussion with peers 

D television documentaries 

D other: .............................................................................................................. . 

[C2.l} 

[C2.2} 

[C2.3} 

[C2.4} 

[C2.5} 
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PART D. - MEDICAL HISTORY 

Some learning media are reported to cause users physical or psychological discomfort, or both. As a 
precaution, it is therefore necessary that I ask you to declare any conditions that could lead to you 
experiencing discomfort so that appropriate precautionary steps can be taken in the experiment. 

THE INFORMATION YOU DISCLOSE WILL BE HANDLED WITH THE UTMOST 
CONFIDENTIALITY 

IT IS ESSENTIAL THAT YOU DO NOT WITHHOLD ANY INFORMATION WHICH 
COULD COMPROMISE YOUR WELL-BEING DURING THE EXPERIMENT. 

I. How would you describe your general health at this moment? 

2. Are you presently: 

(a) taking medication? 

(b) receiving medical treatment? 

If 'Yes' to (a) or (b), please provide details: 

Yes I No (circle one) 

Yes I No (circle one) 

3. Do you have, or have you had, any of the following conditions: 

CONDITION 

I. epilepsy 

2. claustrophobia 

3. schizophrenia 

4. frequent migraine headaches 

5. heart condition 

6. blood pressure 

7. travel sickness 

8. easily disorientated (spatial disorientation) 

9. respiratory condition (eg asthma, bronchitis, hayfever) 

10. vision/sight impairment 

11. other sensory impairment (eg significant loss of hearing or sense of 
touch) 

YES No 

□ □ 
□ □ 
□ □ 
□ □ 
□ □ 
□ □ 
□ □ 
□ □ 
□ □ 
□ □ 
□ □ 

4. Do you wish to add any other information in relation to your fitness to participate in this study's 
experiment? 

.......................................................................................................................................... 

.......................................................................................................................................... 



Learning-Style Inventory 
(LSI) 
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Appendix B-8 

Copyright© 1981 David A.Kolb, revised 1985. All rights reserved. No part of this 
publication may be reproduced or transmitted in any form by any means, electronic or 
mechanical, including photocopy, xerography, recording or any information storage 

and retrieval system without permission in writing from Mc Ber and Company 

At the request of the owners and authors of this proprietary instrument, this instrument 
has not been included in the Appendices. 

Copyrighted instruments are obtainable through the owners. 

Mc Ber & Company 
Training Resources Group 
137 Newbury Street 
Boston, Massachusetts 02116 
(617) 437-7080 
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Appendix B-9 

VARK 

Copyright (1998) held by 
Neil D. Fleming, Christchurch, New Zealand and 

Charles C. Boswell, Green Mountain Falls, Colorado 80819 (719) 684-9261. 
This material may be used for faculty or student development if attribution is given. 

It may not be published in either paper or electronic form without consent of the 
authors. 

At the request of owners and authors of this instrument, this instrument has not been 
included in the Appendices. 

Copyrighted instruments are obtainable through the owners. 



Self-directed Learning Readiness Scale 
(SDLRS-A) 

© 1977, Lucy M.Guglielmino 
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Appendix B-10 

At the request of the owners and authors of this proprietary instrument, this instrument 
has not been included in the Appendices. 

Copyrighted instruments are obtainable through the owners. 

Guglielmina and Associates 
734 Marble Way 
Boca Raton, Florida 33432 
561-392-0379 
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Appendix B-11 
Instrument No.5 

Participant JD Code: ............. . 

Pre-Experiment Topic Knowledge 
Questionnaire 

This questionnaire is designed to measure your present knowledge of Alexandria in Egypt, 
around 48 BC. 

• Please attempt all of the questions, but do not guess an answer. 
• If you do not know the answer to a question, leave it blank. 
• If you find there is insufficient space provided for your answer, write the 

remainder of your answer on the back of the questionnaire 
• There is no time limit in which to complete this questionnaire. Take as much 

time as you require. 

Questions 

I Complete the following matrix, listing and describing prominent people 
associated with the ancient city of Alexandria. 

What 
Name What role did Who were Who were contribution What else do 

he/she play in his/her allies? his/her to you know 
Alexandria? adversaries? Alexandrian about 

events did him/her? 
he/she make? 
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2a. Alexandria had a 2b. What is significant 2c. What artefacts and/or 
number of prominent about each of these? characteristics 
structures and sites. distinguished each of 
Which ones can you these? 
name? 
I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

JO. 

3 

4 

a. Name major natural features in Alexandria's landscape? 

······················································································································· 

······················································································································· 

b. Describe the layout of Alexandria's Royal Quarter/Royal district. 

······················································································································· 

······················································································································· 

c. Which elements of the city's landscape do you find most interesting, and why? 

······················································································································· 
................................................................................................................ , ..... . 

....................................................................................................................... 

In which way/ways was the city of Alexandria designed around its natural 
environment? 

······················································································································· 
....................................................................................................................... 

....................................................................................................................... 



5 

6 

7 

8 

9 
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Alexandria's fauna was diverse. Which can you name or describe? Why were these 
significant? (types, names, etc) 

······················································································································· 

There were many dimensions to Alexandria's population and its social, artistic and 
religious development. What do you know about these? 

....................................................................................................................... 

Scholarship is a concept strongly associated with ancient Alexandria. What do you 
know about this? 

······················································································································· 

Alexandria was not without its share of economic problems and concerns. Which 
economic matters do you know of? 

What events in ancient Alexandria's history do you know of? 

······················································································································· 

······················································································································· 
....................................................................................................................... 

....................................................................................................................... 

....................................................................................................................... 

....................................................................................................................... 
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Appendix B-12 
Instrument No.6 

Paiticipant ID Code: ............. . 

Post-Experiment Topic Knowledge 
Questionnaire 

This questionnaire's purpose is to measure changes to your knowledge of the topic 
'Alexandria in Egypt, 48 BC' as a result of using one of the study's three learning systems. 
The researcher will use it as an interview aid to discuss your learning experience. At some 
time after the experiment, its content will be compared to responses you gave in the Pre
Experiment Topic Knowledge Questionnaire. 

Please answer all of the following questions as best you can. Please do not guess an 
answer. If you do not know the answer to a question, leave it blank. 

There is no time limit within which to complete this questionnaire. Take as much time as 
you require. (If you need more space for your answers, write on the back of the page.) 

QUESTIONS 

Ql. Name major natural features in Alexandria's landscape? 

········································································································································ 
...... , ................................................................................................................................ . 
........................................................................................................................................ 

········································································································································ 

Q2. Describe the layout of Alexandria's Royal Quarter/Royal district. 

··················· .................................................................................................................... . 

........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 

Q3. Which elements of the city's landscape do you find most interesting, and why? 

······························· ........................................................................................................ . 
·········· ............................................................................................................................. . 
........................................................................................................................................ 
........................................................................................................................................ 
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Q4. Name as many QS. What is significant Q6. What artefacts 
prominent about each of these? and/or characteristics 
Alexandrian structures distinguished each of 
and sites as you can. these? 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 
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Q7. Complete the following matrix, listing and describing prominent people associated 
with the ancient city of Alexandria. 

(write your answers on the back of this page if you find there is insufficient space below) 

What 
Name What role did Who were Who were contribution What else do 

he/she play in his/her allies? his/her to you know 
Alexandria? adversaries? Alexandrian about 

events did him/her? 
he/she make? 



Q8. In which way/ways was the city of Alexandria designed around its natural 
environment? 

A endix B 

···················································································· ................................................... . 
...... , ................................................................................................................................ . 
.............................................................................................. , ........................................ . 

Q9. What did you learn about Alexandrian fauna in your tour of Alexandria? 
(types, names, etc) 

........................................................................................................................................ 

························· ............................................... , .............................................................. . 
........................................................................................................................................ 
........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 

QlO. What did you learn about Alexandria's population and its social, artistic and 
religious development? 

........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 

Q 11. Which Alexandrian economic matters did you learn about? 

........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 
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Q 12. Scholarship is a concept strongly associated with ancient Alexandria. What did 
you learn about this? 

........................................................................................................................................ 

········································· .. ···· ......................................... , ....... , ...................................... . 
············································· .. -... , ................................................................................... . 
........................................................................................................................................ 

........................................................................................................................................ 

Q 13. What historical events did you learn about? 

··········································································· .. · .. ························································ 
........................................................................................................................................ 
........................................................................................................................................ 

·································"··""'""'"''····························"·""'•"··················································· 
........................................................................................................................................ 
........................................................................................................................................ 

··············································"·················································"·"······················"·········· 
··················································"··•""'""'···························--······--····································· 
........................................................................................................................................ 
........................................................................................................................................ 

······························""""'"""''''"''"····························"···················································--····· 
........................................................................................................................................ 
........................................................................................................................................ 
........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 

........................................................................................................................................ 

····················--··--····"······················ .. ·····--·····················--··--··················· .......................... . 
........................................................................................................................................ 
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Appendix B-13 
Instrument No.7 

Post-Experiment Interview Questions (Schedule) 

Introduction 

The aim of the Post-Experiment Interview is to obtain information from you (the participant) about: 
'what' you learned about the subject Alexandria in Egypt 48BC, 'how' you learned about it through 
the learning medium you were assigned to, and your views of the learning medium, the study and the 
experiment. 

Please give as much information as you wish about these areas, and please do not feel you are 
limited to commenting on these areas only. Expand the discussion as you wish. 

Ql. In relation to 'knowledge': 

I. what new knowledge of Alexandria in Egypt have you gained (ie facts, terms)? 
2. what changes in your knowledge have occurred (ie changes from what you knew 

before the study to what you know now - eg broadening, deepening etc)? 
3. did any conflicts of knowledge arise (ie new factual knowledge challenging your 

existing knowledge/understanding)? 
4. did you link isolated facts to achieve understanding of the subject as a whole? (give 

examples) 
5. what meaning did you attach to particular facts? (give examples) 
6. what importance did you place on particular facts? (give examples) 
7. which facts had the greatest impact on you? (give examples) 
8. which facts did you group to achieve understanding? (give examples). 
9. what caused you to remember and recall the facts (ie answers) you wrote down? 

(refer Pre- and Post-Questionnaires). 

Q2. In relation to the learning medium you used: 

I. what do you perceive are its strengths? 
2. what do you perceive are its weaknesses? 
3. what were your 'personal' likes and dislikes of this medium to learn with? 
4. is this your most preferred medium for learning? 
5. which is/are your most preferred medium or combination of media to learn with? 

Q3. In relation to the experiment and the study: 

I. how do you feel about the experiment/the study? 
2. what are your thoughts about the experiment's: 

2.1. learning design (eg information, equipment, learning strategy/ies)? 
2.2. administration ( eg climate, presentation of information, forms, other)? 

Activity: 

Closure: 

Please complete the Adult Learning Experimental Design Questionnaire 
(Instrument No.8). [allow the participant about 5 minutes to complete this] 

Do you have any questions about anything in this study so far, or "where to 
from here"? 
Is there anything that I can provide you with to provide closure to your 
participation? 
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Instrument No. 7 (Annex) 

Post-experiment Interview Questions (Schedule): Process 
Measurements and Question Prompts 

Measure: 

I. Time taken to peruse the pre-questionnaire 
2. Time taken to peruse the module 
3. How much information in the module participants explored - video 
4. Time taken to peruse the post-questionnaire 

Ql. In relation to 'knowledge': 

1. new knowledge 
2. changes (ie a broadening, or increased depth in what you knew before the study)? 
3. conflicts (eg facts presented challenging your existing knowledge/understandings, or seemed 

illogical)? 
4. link isolated facts - refer also Q 8 
5. meaning 
6. importance 
7. impact 
8. facts grouped 
9. remember and recall the facts you wrote down in the Pre- and Post-Questionnaires (flashbacks 

(visual), memories stimulated by words, sounds, a sequence of factors, other)? 

Q3. In relation to the experiment: 

1. feel about the experiment (re your control, input to the process, experience, the environment, 
other)? 

2. thoughts about the experiment's learning design (eg learning climate, module design, topic 
information, learning strategy/ies, equipment, provision of information about the study, timings, 
forms, other)? 
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Appendix B-14 
Instrument No.8 

Participant ID Code: ... , ......... . 

Experiment: Observation and Interview Log 

Learning Medium 
Book WWW VR 

LSI Type 
Div As Conv Ace 

Arrival time and date 

Health statns check - on arrival □ 
Informed Consent Form - signed □ 
Video Yes No 
Pre-Questionnaire start/ finish .......... min.s 
Medium Orientation completed □ .......... mins 
SDL Experiment start/ finish (max. 30 .......... mins 
mins) 
Post-Questionnaire start/ finish .......... mins 
Health statns check - pre-departnre □ 

.......................................................................................................................................... 

·········································································································································· 
·········································································································································· 
.......................................................................................................................................... 
.......................................................................................................................................... 
.......................................................................................................................................... 
.......................................................................................................................................... 
.......................................................................................................................................... 

.......................................................................................................................................... 

...................................................... .,. ................................................................................. . 

•••••••oooo••••••••••••--••••--•••oo•••oo•••••••oo••••••• .. •••••"••••••••••••••••••"•••••••••••••••••••••••••••••••••••••••••••••••••••• 

.......................................................................................................................................... 

.......................................................................................................................................... 

end/pto ... 
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Appendix B-15 
Instrument No.9 

Participant ID Code: ............. . 

ADULT LEARNING EXPERIMENTAL DESIGN 
Questionnaire 

This study was designed principally around Adult Learning Theory, know also as 'Andragogy', and 
embraced several underpinning theories and techniques - chief amongst them being Self-Directed 
Learning theory. 

In this study did you: 
YES NO 

1. Need to know 
I. need to know why you need to learn something before you undertook it? D 
2. invest considerable energy in probing into the benefits you would gain from □ 

learning about the topic, and the consequences of not learning it? 
3. need real or simulated experience to help you discover for yourself the gaps □ 

between where you are now and where you want to be? 

2. Self-concept 
1. have a self-concept of being responsible for your own decisions? D 
2. need to be treated as being capable of self-direction? □ 
3. encounter a situation in which others were imposing their wills on you? □ 

3. Experience 
I. come into the study with a great quantity and quality of experience by virtue of D 

having lived as long as you have, and the types of experience you have had? 
2. find the study tapping into your experiences? □ 
3. find yourself closing your mind to new ideas, or perceptions? □ 
4. encounter any situation which ignored or devalued your experience? □ 

4. Readiness to Learn 
I. learn things you needed to know and do in order to cope with real-life situations? □ 
2. feel yourself moving from one developmental stage to another? □ 

5. Orientation to learning 
I. (were you) life-centred, or task or problem-centred in your orientation to learning? D 
2. devote energy to learn something you perceived will help you perform tasks or □ 

deal with problems that you confront in life situations? 
3. learn new knowledge, understandings, skills, values and attitudes most effectively □ 

in the context of application to real-life situations? 

6. Motivation 
I. respond to some external motivators? D 
2. respond to some internal motivator? □ 
3. if 'No' to either 1. or 2., was your motivation blocked? □ 

if blocked, by what? ...................................................................................... : ... .. 

□ 
□ 

□ 

□ 
□ 
□ 

□ 

□ 
□ 
□ 

□ 
□ 

□ 
□ 

□ 

□ 
□ 
□ 

[source: Knowles, M. (1990) The Adult Learner. A Neglected Species. 4th Edn. Houston:GulfBooks.] 
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LEARNING MODULES 

Appendix Title/ description 

C-1 A virtual reality technology world tour 

C-2 Book module 

C-3 Internet module 
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Appendix C-1 

A VIRTUAL REALITY TECHNOLOGY WORLD TOUR 

Picture in your mind a streetscape bustling with people in costume. A scene with 
which you are immediately unfamiliar. You move forward, turn a corner and 
discover a temple-like building you recognise from an old movie as the Library 
of Alexandria. 

But the building is not suffering from two-thousand years of decay. It is in 
pristine condition. You pause to admire it and recognise a figure leading to the 
front steps of the building. It is a man dressed in a robe - a scholar perhaps. 
Sounds of the sea are heard. To his rear is a harbour and the sea. Waves are 
lapping gently on the foreshore. Ships are viewed. Sounds of crowds of people 
and movement in a marketplace nearby are also heard. 

You move into the library. Scrolls are sighted on shelves. You recognise them as 
some form of book, labelled and categorised. They contain a range of 
information. When you reach out to touch them their content pours out. You 
move on again, looking around the city. You see soldiers and nobles and engage 
with them. Their monologue tells of matters important to the city of Alexandria. 
Interesting and unusual matters. 

Armed with the information you wanted to know, you seek out other 
information in other parts of the city. You find and interact with many people 
and objects in your journey until your need of information questions is finished. 
You have met and retrieved all the information you feel you need for your 
project. At least for the moment. You will need time to reflect on the information 
you have collected. 

Removing your virtual reality headset, you exit from the virtual world of 
Alexandria and return to reality. You look at your watch, wondering how long 
you have been gone. The time is short and the information you have gained is 
both fascinating and relevant, and your learning experience deep. You will need 
time to generate new and deeper questions and to plan your next information 
expedition before re-entering the virtual reality environment of Alexandria 50BC 
-50AD. 

The experience is not an illusion. In spite of its dream-like qualities, it is very real, and 
will likely leave an indelible impression on the learner. The experience has provided the 
learner with tangible learning - if something with ethereal qualities such as learning can 
be called tangible - through a powerful, and complex arrangement of psychological 
forces stimulated by a computer-generated virtual reality environment. Depending on a 
learner's personal motivation to learn about this particular subject, or any other subject, 
they may or may not find themselves wanting more. That is an individual's choice 
decision. 
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BOOK MODULE - ALEXANDRIA IN EGYPT 



ALEXANDRIA IN EGYPT 
48BC 



Welcome 

This learning module is concerned with people and events which shaped the city 
Alexandria in Egypt around the year 48 BC. 

Like many societies today, life in Alexandria around 48 BC was not one singular set of 
linear events, but consisted of a procession of complex, interwoven social, political and 
economic events on many levels, occurring simultaneously. 

This module aims to present you with an array of information about Alexandria, and to 
convey the atmosphere of that city some two thousand years ago. Because items of 
information on this topic will have varying importance to each person, the information 
and events presented here are not organised into any particular hierarchical or 
chronological sequence - except where logic demands this. So, in this learning medium you 
will find there is no one right place to start exploring this topic. And likewise, there is no 
end-point or conclusion. 

Learning is a journey not a destination. Explore the ancient city of Alexandria however 
you wish, go wherever you wish to go, and learn what you want to learn about. 



Alexandria in Egypt 

Plutarch tells us that 'the site of Alexandria was indicated to Alexander in his sleep by "a 
gray-headed old man of venerable aspect'" (Flamarion 1997: 15). He also tells us that 
' ... in 331 BC, Alexander had conquered Egypt and was planning to settle a colony of 
Greeks there, he resolved to build a large and populous city, and give it his own name' 
(Flamarion 1997). 

Thus began the Hellenistic city of Alexandria in Egypt, the greatest of all the Alexandrias, 
referred to in Roman times as Alexandria ad Aegyptum - adjacent to, not part of, Egypt 
(Marlowe 1971: 107). 

Upon Alexander's death, a General of his army, Ptolemy, took control of Alexandria, 
installing himself as king. He became known as Ptolemy Soter and began the dynasty of 
successive Ma~edonian rulers, ending with Cleopatra VII. 

At the time of Cleopatra's birth in 69 BC, Alexandria was the largest city in the ancient 
world. Whereas the principal population of Egypt was Egyptian peasants - fellahin -
numbering between 7 and 9 million around 50 BC, Alexandria held a dense population of 
three hundred thousand Alexandrians living in the city itself. 

For a time Egypt was viewed as 'the wealthiest of the Hellenistic states' (Flamarion 
1997). The country's great wealth was achieved through a combination of a planned 
economy controlled by the Greeks (Ptolemy) from Alexandria, and much sought-after 
natural resources. 

The biographer Strabo1 called Alexandria "the greatest emporium in the world" (Flamarion 
1997: 18). The city was a marketplace for countless products - ivory, spices, exotic fruits, 
wines and art objects (Flamarion 1997: 18). It enjoyed a pleasant climate and abundant 
supplies of fresh water, enabling it to become a vast, rapidly growing city, 'the centre of 
culture and fashion for the whole Greco-Roman world' (Grant 1972: 31) and 'the locus of 
an intense intellectual and artistic life' (Flamarion 1997). 

Alexandria reached the zenith of its renown and splendour during Cleopatra's reign. 
Egypt, however, was not immune from having to pay tribute to conquering civilisations, 
such as Rome, in order to preserve peace. 

1 Strabo's account of Alexandria was based on first-hand knowledge. He toured the city around 25 BC 
(Foreman 1999). 
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ALEXANDRIAN 
CULTURE 
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Cultural Development 

Graeco-Egyptian status 

There is evidence of friendly relations between Greek and Egyptian communities (Grant 

1972: 41). 

The Greeks of Alexandria were an expatriate, privileged elite, with no political 
responsibilities nor share in Government. They enjoyed superior status and special 
privileges (Marlowe 1971: 107; Grant 1972). 

A small proportion of Alexandrian Greeks held positions of senior officers, high officials, 
scholars and poets. They dressed in the manner of the Greeks. The only Egyptians seen at 
Court were occasional priests (Marlowe 1971: I 07). 

Racial development 

A Greek-speaking race which was neither Greek nor Egyptian evolved within Alexandria. 
Outside Alexandria, Egyptians were in the majority. 

Assimilation 'consisted, outwardly, of the hellenising of educated Egyptians rather than 
the egyptianising of Greeks' (Marlowe 1971: I 06). 

In 2nd century BC, the historian Polybius found that in Alexandria, where mixed 
marriages remained illegal, none of the Greeks were ethnically pure, except in the Royal 
house (Grant 1972: 42). 

Royal lineage 

With Egyptian's autonomy and influence increasing, it was necessary for the Ptolemies to 
become Egyptian monarchs in the tradition of the Pharaohs - such as following the 
practice of marrying their sisters (Marlowe 1971: I 07). 

Social life 

The social life of the general population of Alexandria, like all the great Hellenic cities, 
revolved around the Gymnasium, the Palaestra, the Theatre, the stadium, and a host of 
religious feasts and festivals (Marlowe 1971). 

Art 

In art, Alexandria followed the general hellenistic tendencies of the time: portraiture and 
the dainty and the picturesque. 

The art and architecture of the country, in the days of Cleopatra and her immediate 
forebears, displayed significant blends of Greek and Egyptian traditions (Grant 1972). 
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Religion 

Although Egyptians and Greeks living in Alexandria each worshipped their own gods, 
their motives blended in religion. 

The Egyptians leaders were their priests, 'identifiable by shaven heads and white linen 
robes' (Grant 1972: 44). 

'The Ptolemies did much to restore the Egyptian temples to their former glories' (Grant 
1972: 44). 

Gods 

Dionysus was especially honoured in Alexandria. The Theatre was under Dionysus' 
special patronage. The Ptolemies were said to be descended from him. Rites associated 
with Dionysus were said to be 'particularly appropriate to the convivial temper and 
tastes of the Alexandrian Greeks' (Marlowe 1971: 113). 

Isis is the mother of Horus, wife and sister of Osiris, and sister ofNephthys. She is one of 
the four great protector goddesses. She was known as the divine sorceress and divinely 
represented by the ankh. Cleopatra is reported to have dressed as Isis on occasion. 

Serapis. Ptolemy I compounded the god "Serapis" for his new city from the Egyptian 
gods Osiris and Apis (Forster 1982). He had characteristics of the gods Osiris (Egyptian) 
and Zeus (Greek) and is represented as a bearded man in Greek clothes. 

The cult of Serapis continued actively throughout both Ptolomaic and Roman times. His 
was a 'synthetic tutelary deity of Alexandria' (Marlowe 1971: 113), worshipped as a 
matter of course. 
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Scholarship 

Scholarship at Alexandria centred on the Library and dates from Zenodotus, the first 
Librarian. 

'The first three Ptolemies spent large sums and employed many agents in buying 
manuscripts of the Greek classics' (Marlowe 1971: 69). 

Mathematics, Geography, Astronomy and Medicine all grew to maturity in Alexandria. 
Alexandria's scholars in the sciences as well as in literature 'collected, collated and 
preserved for posterity the discoveries already made in classical times' (Marlowe 1971: 
70). 

Scholars 

'Scholars were supported for reasons of prestige.' They received free housing, 
subsistence, 'exemption from taxes and protection from outside interference' (Ferguson 
1973: 115). According to Theophrastus 'the scholar was unique in being never treated as 
a foreigner but. always welcomed as a citizen' (Ferguson 1973: 115). 

Eratosthenes was invited to Alexandria to become librarian, and was a leading figure and 
'all round genius, eminent in literature as well as science' (Forster 1982: 44). He straddled 
the two worlds of the Museum and the Library. In the Museum observatory he measured 
the Earth's diameter, and was only 50 miles out in his calculation (Forster 1982: 44). 

Euclid. Mathematics began in Alexandria with the career of Euclid. He landed in 
Alexandria in the reign of Ptolemy II, composed his 'Elements' which remained the 
textbook for geometry almost down to the present day, and founded a mathematical 
school that lasted 700 years (Forster 1982: 41). 

Zenodotus introduced the first critical symbol the obelus or dagger to indicate a disputed 

passage. 

Aristophanes of Byzantium invented the accent, developed punctuation, and 'extended 
the use of critical symbols' (Ferguson 1973: 99). 

Philinus, the leading medical theorist, came to Alexandria in the latter part of the third 
century BC and founded the Empirical school of medicine. Philinus was 'profoundly 
contemptuous of abstract learning and generalized theories' (Ferguson 1973: 103). The 
Empirical school is linked to the then new move, in the Museum and elsewhere, toward 
accumulating factual knowledge (Ferguson 1973: 103). 

'Dioscurides' work is the first medical treatise on the bubonic plague' (Ferguson 1973: 

106). 
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Museum and Library 

'The connection between the Museum and the Library is obscure' (Marlowe 1971: 69). 

It is believed Demetrius of Phalaerum, a member of Ptolemy's court, had something to do 
with the development of the Library and Museum (Ferguson 1973: 98). 

Studies pursued at the Museum were 'based on the Aristotlean precepts of observation 
and deduction, consisted principally of mathematics, medicine, astronomy and geometry'; 
and at the Library, grammar and philology (Marlowe 1971: 70). The Alexandrian school 
was supreme within these fields for some five hundred years. 

Museum 

The word 'museum' originally denoted 'a temple or shrine to the Muses, a place of 
inspiration and creative imagination' (Ferguson 1973: 98). The Museum of Alexandria 
was dedicated to the Muses, thereby emphasising the 'classical Greek connection between 
learning and the arts' (Marlowe 1971: 68). 

'The Museum was a State institution, located on royal property, subsidised from the 
royal bounty' (Marlowe 1971: 68). It was led by a priest who was nominated by the 
King and given the title Head of the Museum. 

Scholars attended the Museum by royal invitation, resided there, and were maintained by 
royal funds (Marlowe 1971: 68). It is thought that only about 30 scholars lived and 
worked at the Museum at any one time (Marlowe 1971: 68). 

'The Museum appears to have had no resident students, but its scholars certainly had 
pupils and disciples, whom they taught, possibly outside the Museum' (Marlowe 1971: 
69). 

The Museum of Alexandria usurped the position of intellectual pre-eminence from the 
schools of Athens. 

The literature that grew up in the Museum of Alexandria 'developed when the heroic age 
of Greece was over' (Forster 1982: 32). 

In the 3rd century BC Timon2 spoke of the 'hen-coop' of the Muses. The Muses and the 
scholars being referred to collectively as cooped up and expected to lay eggs (Ferguson 
1973). 

Library 

Works were collected in the Library, and codified, amended and explained .. 

Ptolemy IV founded a branch of the Library devoted to the study and editing of Homer 
(Marlowe 1971: 69). 

2 3rd century philosopher renowned for his disdain for humankind. 
C•l'CRIP'fl'/0 D<)C. rv 12!120) 5 



The actual holdings of rolls (scrolls) in Alexandria's Library is not known. Estimates range 
from 700,000 by the Roman period (Ferguson 1973: 98), to over 1,250,000. 

Academic Rivalry 

Alexandria's main academic rival was Pergamum. Ptolemy II cut off supplies of papyrus 
to Pergamum, causing the Pergamenes to develop books of parchment - a sheepskin 
preparation, more expensive, and more durable than papyrus, and used on both sides for 
economy (Ferguson 1973: 100; Foreman 1999). 

Science 

The Ptolemies preferred science over Literature, 'for it could not criticise their divine 
right' (Forster 1982: 40). 

In Ancient Greece, science had been studied sporadically and without co-ordination or 
laboratories. Important truths might be discovered and in danger of oblivion because they 
could not be popularised. The Museum changed this. Science, under royal patronage, leapt 
to new heights (Forster 1982: 40). The basis of hydraulics, for example, was developed in 
Alexandria. 

The decline of science at Alexandria coincided exactly with the rise of Christianity 
(Forster 1982: 45). 
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Economy 

Egypt enjoyed agricultural prosperity. Around the first century BC it became 'the granary 
of the ancient world. Cereals included wheat, barley and sorghum; flax was of major 
importance; the land was rich in vegetation, lentils, beans, chickpea and onions; ... the palm 
prospered and other fruits flourished; there was also papyrus' (Ferguson 1973: 51 ). 

With immense resources, Egypt used a system of state capitalism wherein the state 
owned mines, quarries, fisheries and factories, and forests in Cyprus and Lebanon 
(Ferguson 1973: 51). 

Government 

'Cleopatra presided over one of the most rigidly centralized bureaucratic governments that 
the world has ever seen .... Successive monarchs, through their ministers and agents, 
controlled virtually the whole of the country's revenue' (Grant 1972: 34). A Ptolemaic 
decree stated: 'No one has the right to do whatever he wishes, but everything is organized 
for the best' (Grant 1972: 35). 

Coinage 

The first Ptolomaic coinage was silver, but later bronze. It was circulated only inside 
Egypt, and not very extensively, thereby isolating the economy from the rest of the 
Hellenistic world (Grant 1972: 37). 

Cleopatra debased her country's coinage by reducing its silver content to 25 per cent. 
Whereas merchants took to weighing irregular coinage to assess its value, she safeguarded 
her profits by marking the denominations 80 and 40 drachmas on her bronze pieces, 
forcing their acceptance as the official evaluation. She made extensive gains for herself. 

Interest rates 

Interest rates were as high as 24 per cent, keeping labour cheap and money dear (Grant 
1972: 37). 

Exports 

Papyrus, with its host of uses beyond that of making paper, was a principal export and 
'virtually an Egyptian monopoly' (Grant 1972: 33). Other exports included ivory, linen 
and sculptured stones, and woollen goods. 

Land 

'Agricultural techniques and crops imported by Greek military colonists resulted in an 
improved use of the soil' (Flamarion 1997). 'Land use was strictly codified and 
supervised by civil servants' (Flamarion 1997). 
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Fauna 

Sacred animals 

The Nile crocodile was sacred to Egyptians and the object of numerous mythological 
stories. 

Service animals 

Horses were a symbol of prestige because of their high cost. They were ridden very rarely, 
and then only by royalty or honoured individuals. 

Ninnies (the offspring of a male horse and female donkey) were the poor-man's horse. 
They were used to pull chariots and harvest fieldwork. 

Donkeys were the principal beast of burden. They worked in agricultural fields, were used 
often as pack animals for long-distance travel, and were ridden rarely. 

Oxen were used to draw wheeled vehicles and perform agricultural duties. 

Dromedaries ( one-humped camels) served as draft animals. 

Hunted animals 

Numerous types of animals were hunted for sport, food and as sources of materials in 
Egypt. 

Commonly hunted animals included the ostrich, elephant, rhinoceros, leopard, giraffe, 
auroch, ibex, oryx, gazelle, deer, hyena, hare and red fox. 

Materials collected for clothing, jewellery and utilitarian purposes included: feathers, 
ivory, bone, horn, leather, shell and meat. 

Animals cultivated for food and products 

These included bees, cattle, fish, goats, sheep, pigs, turtles. 

Pet animals 

In Egypt, pets included dogs, cats, birds, gazelle, lions and monkeys. 

Dogs were the main pet of ancient Egypt and honoured by being the only species to 
receive a name. 

Cats were valued as companions and controllers of vermin (mice). 

Gazelle were domesticated and kept in the home, valued for their gentle nature. 
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Key figures in Alexandrian history 

Ptolemies 

All the male kings of the Ptolemaic line had the name Ptolemy, and adopted additional 
descriptive names. For example, Ptolemy Soter. Soter meaning 'Saviour' (Foreman 1999). 
Ptolemaic women were all called either Berenice, Arsinoe, or Cleopatra (Foreman 1999). 

The first three Ptolemies were responsible for establishing the institutions for which 
Alexandria is renowned, whilst successive Ptolemies maintained and developed them. 

The Ptolemies founded Alexandria's two great institutions: the Palace and the Museum. 
The Palace provided the finances and the Museum provided imagination and knowledge 
(Forster 1982). Through the Ptolemys' support, Alexandria became renowned as a centre 
of learning and scholarship. For several centuries, scholars from throughout the civilised 
world were attracted to it. 

Cleopatra VII 

Cleopatra, born around 69 BC, was the daughter of Ptolemy XII Auletes and descended 
from a long line of Macedonian rulers (Flamarion 1997; Foreman 1999). Ptolemy XII 
appears to have had 6 children: Cleopatra VI, Berenice IV, Cleopatra VII, Arsinoe IV, 
Ptolemy XIII and Ptolemy XIV (Grant 1972: 3). Arsinoe (three years younger than 
Cleopatra) and the two boys, were half siblings by Ptolemy XII's second wife (Foreman 
1999). One of Cleopatra's grandmothers was a Seleucid princess with some Persian blood 
(Foreman 1999). 

In 51 BC, aged seventeen years, Cleopatra reigned jointly with her father (Grant 1972; 
Forster 1982). In the same year, her father died, and in line with tradition, Cleopatra 
married her step-brother Ptolemy XIII. 

Ptolemy XIII expelled her. She fled Alexandria in 50 BC, was officially deposed in 49 
BC, and in 48 BC was outside Egypt altogether. 

Ptolemy XIII died in the Alexandrian War of 48 BC. Upon his death, Cleopatra regained 
the throne, a widow at age twenty-two years. Again, following tradition, she next married 
her second younger brother, Ptolemy XIV, aged 10 years (Flamarion 1997). 

Cleopatra entered into a relationship with Julius Caesar upon his arrival in Alexandria in 
48 BC. On 23 June 47 BC she gave birth to her first child, a boy, Caesar's son, named 
Ptolemy Caesar. The people of Alexandria named him Caesarion (Flamarion 1997). 

Cleopatra had dark coppery-coloured hair, spoke several languages, exuded confidence, 
was well versed in political matters, and used her attributes to wield events according to 
her needs. 

Cleopatra reigned over Egypt from Alexandria for 21 years, dying in Alexandria in 30 BC. 
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Caesar 

Julius Caesar entered Alexandria in 48 BC whilst in pursuit of Pompey. On arrival, he 
cultivated an alliance, and a relationship, with Cleopatra VII. 

His presence sparked the Alexandrian War within months of his arrival. On winning the 
war he installed Cleopatra as queen of Egypt and returned to Rome. 

In 46 BC he became dictator of Rome for ten years. In 44 BC the Senate named him 
dictator for life (Flamarion 1997). On 15 March 44 BC, the ides of March, conspirators 
struck Caesar down at the foot of a statue of Pompey (Flamarion 1997). 
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Alexandrian Buildings and Sites 

Alexandria has been called a place 'more Greek than Greece' and said to have 'started 
brand new, gleaming white, a calculated marvel of marble' (Forster 1982: 23). Strabo called 
the city 'a universal reservoir', commenting on its international variety of faces, racial 
types, accents and dress (Brazil 2000). 

Geographically, Alexandria stood at the junction of sea traffic and river traffic brought by 
the Nile - at a crossroad where civilisations transited the Mediterranean to trade. The 
lighthouse of Alexandria was one of the seven wonders of the ancient world. It was 
located on the eastern end of the island of Pharos, north of the city, separated by the 
Great Harbour. The lighthouse rose over 400 feet into the air. Atop was a light which, 
reflecting on a curved metal mirror, was visible from 60 kilometres out to sea, guiding 
tramp ships seeking to engage in trade, as well as ships of war. 

But the lighthouse was not Alexandria's only claim to fame. Though not 'wonders of the 
ancient world', Alexandria in Egypt possessed many splendid icons and institutions 
within and around the area of the city known as the royal quarter, or Bruchium. 

Nobody know$ with certainty how far the Bruchium extended. But generally, it covered 
the area of the southern and eastern sides of the city's Great Harbour. 

Landscape 

In Alexander's time the Alexandrian mainland was shaped 'probably rather like the top of 
a bull's head with two straight peninsular horns jutting into the open sea' (Brazil 2000), 
toward the eastern and western ends of the oblong shaped island of Pharos, forming a 
harbour with two entrances. 

The eastern end of Pharos is opposite the promontory of Lochias. The gap between the 
western end of the island and the mainland was wide, and the entrance into the harbour 
was difficult to navigate (Brazil 2000). 

Along the edge of the Lochias promontory was the royal palace, groves and lodges painted 
in a variety of colours. Adjacent to the promontory at Lochias was the Royal Harbour. It 
was dug and shaped by the hand of man, and deep enough to allow large ships to moor 
alongside the embankment at the water's edge. The buildings seemed to rise straight out of 
the harbour at the water's edge (Brazil 2000). 

Within the Great harbour was a small island, Antirrhodos, the private property of the 
Kings of Egypt, so named because it was regarded as a rival to the Island of Rhodos. It 
featured another royal dwelling, and a small harbour for the private use of the royal family 
(Brazil 2000). 

Alexandria is washed on all sides by water: on the north by the Egyptian Sea, and on the 
south by Lake Mareotis. The lake and the sea respectively brought fresh water through an 
elaborate system of canals, and vessels importing food and other goods. 
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At the beginning of summer the Nile waters fill the lake to its brim. There are no marshes 
on the edge to corrupt the air. The Etesian wind blows from the sea over Alexandria, 
making the summer very pleasant. The Etesian wind's blowing steadily from the North 
was a key factor for Alexander when laying out the city street grid; his aim being to 
channel the wind through the streets, and so cool the city (Brazil 2000). 

City Plan 

The general framework of the city of Alexandria 'was the product of a single scheme, laid 
down by Dinocrates (in 332 BC) and executed by the first three Ptolemies' (Forster 
1982). 

Greeks liked to lay their towns out evenly (Forster I 982: 11 ). The city was planned on a 
grid pattern. Philo, a Graeco-Jewish philosopher, born in Alexandria in 15 BC, tells us 
that the city was divided into five sections designated as Alpha, Beta, Gamma, Delta and 
Epsilon (Brazil 2000). 

The royal district (Bruchium), presumed Beta, was bounded by Cape Lochias in the east, 
the Great Harbour on the north, the Canopic Way in the south, and the Street of the Soma 
in the west. It included the palaces, the Museum and the Soma (Marlowe 1971: 57). 

Uncertain evidence distinguishes eleven roads running North-South and seven East-West, 
the main avenues being over thirty metres wide and illuminated at night. The port was 
developed after the laying out of streets. 

There is minimal archaeological evidence available to determine what the city's ancient 
buildings looked like. Archaeologists have recovered Ionic and Corinthian column capitals 
of Hellenistic workmanship, and Egyptian granite columns. 

Literature tells more about the city than archaeology (MacKendrick 1962: 335). 
Alexandria teemed with public buildings, temples and sacred sites. The public precincts 
and royal palaces comprised a quarter to a third of the city. Its great buildings included the 
palace, Alexander's tomb, the Museum, Library, zoological gardens, gymnasium, theatre, 
the shrine of Pan, and numerous temples. Temples were Hellenistic in architectural design. 
Buildings were made of brick faced with marble. Most of the public buildings were faced 
with marble. Little or no wood was used in the construction of buildings. Consequently, 
there was little danger of fire. All the streets of Alexandria were broad enough for wheeled 
traffic. Main streets were paved with square greyish stone blocks. 

Dinocrates' plan survived until Roman occupation imposed a new wave of building and 
town planning. 
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Major Buildings and Sites 

Great Harbour 

The East or Great Harbour was the easternmost of Alexandria's two major harbours. 

It nestled between the Island of Pharos and the area known as the Bruchium, and provided 
sanctuary for Alexandria's fleets of naval and royal ships. 

Books, mostly coming to Alexandria from lands to the north, were usually unloaded in the 
Great Harbour. 

MUSEUM 

The Museum was near the Great Harbour. It was a court institution founded by Ptolemy 
I, organised along the lines of the Athenian Museum, though richer and larger, and under 
the control of the king. 

The Museum was the great intellectual achievement of the dynasty; 'a great cradle of the 
modern sciences, of rhetoric, philosophy, medicine, anatomy, geometry, hydrostatics, 
geography, and astronomy' (Flamarion 1997: 20). 

'In some ways it resembled a modern university, but the scholars and scientists and 
literary men whom it supported were under no obligation to teach; they had only to 
pursue their studies to the greatest glory of the Ptolemies' (Forster 1982: 20). 

The Museum comprised several buildings: the Museum and (Great) Library buildings 
were adjacent; a portico led to the Exedra (Great Hall), behind which was the Oecus 
(Dining Hall) (Canfora 1991). 

Its vast areas included lecture halls, laboratories, observatories, fountains, large gardens 
and a zoological garden in the surrounding park (Forster 1982: 19). 
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Library 

The Library of Alexandria was described by E.M. Forster as 'the most famous element' of 
the enormous (Museum) institution (I 982: 20). It contained 500,000 books and a 
catalogue that occupied 120 books. 

The construction of the library is conjectural. Canfora, interpreting Strabo's account, 
speaks of the library having a covered walk, 'not a mere alleyway, but a broad roofed 
passage' (Canfora 1991: 81). 

Slender archaeological evidence situates the Library at the north-west corner of the great 
central intersection. No description of its architecture exists. 
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Exedra (Great Hall) 

The Exedra and Oecus 

The Exedra was where philosophers, rhetoricians, and other scholars engaged in 
intellectual debate and disputation. 

Oecus (Dining Hall) 

The Oecus was where scholars had their meals. The building was circular and 'roofed in 
by a dome in the centre and a terrace, supported by concentric circles of columns inside 
the Oecus. On the terrace there was an Observatory' (Marlowe 1971: 57). 
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GYMNASIUM 

The Gymnasium was the finest public building in Alexandria. It possessed breathtaking 
porticoes about 200 metres in length, along the line of the Canopic Way (Marlowe 1971: 
58). 

Gymnasia usually included an open athletic ground for outdoor exercises such as running, 
jumping and throwing. 

It was the centre of civic life for the Greek community - a kind of club and civic centre, 
and both the High School or University for ephebes (Greek male youth). It was headed by 
a Gymnasiarch - a sort of mayor. 

Palaestra 

The Palaestra - for ephebes and younger males - corresponds more with the modern idea 
of a gymnasium (Marlowe 1971: 58). 

It was a partly enclosed structure which contained rooms for indoor exercises, dressing, 
baths, lectures and other activities. Ephebes wrestled, boxed, practiced for the games, and 
bathed in the palaistra (Palaestra). 

It was probably located between the Theatre of Dionysus and the Gymnasium. 
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Soma 

The Mausoleum or 'Soma' was a principal building in Ptolemaic times, within the 
Museum precincts. It was the burial place of Alexander and of the Ptolemies. 

Within the Mausoleum, Alexander's body lay within a temenos, a sacred precinct worthy 
of Alexander's glory (Brazil 2000). In 48 BC, Alexander's body was on view but no longer 
lay in its original golden sarcophagus. The gold is believed to have been plundered by 
Ptolemy XI who replaced the sarcophagus with one made of a transparent material - either 
alabaster or glass (Brazil 2000). Alexander lay surrounded by books and papyri in a 
sarcophagus of glass from the first century BC. 

The Soma is believed to have been at the junction of the Canopic Way and the Street of 
the Soma. Nothing is known of its architecture. 

Dicasterion (Palace of Justice) 

The Dicasterion, or Palace of Justice, was located at the north-east corner of the great 
intersection, adjacent to the Soma, and surrounded by groves (Marlowe 1971). 
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ROYAL PALACE 

Alexandria's palace 'system' covered the Promontory ofLochias. It was the seat of 
government as well as the royal residence. Each Ptolemy made additions to the palace. No 
one knows how far the palace buildings stretched inland or along the shore, or of their 
architecture (Marlowe 1971 ). 

Inland, the Palace system connected with the Museum system. 

Strabo describes the palace compound in 24 BC as laying southeast of the eastern harbour, 
and occupying from a fourth to a third of the city's total area. Within its precinct was a 
botanical garden, zoo and the Library and Museum. 

'The Palace was built of alabaster and polychrome marble ( or marble veneer over brick); 
its furniture was inlaid with ivory, gold, and silver; its mosaics and rich rugs were famous' 
(MacKendrick 1962: 333). 
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The Palace was opened to the public during the feast of Adonis. People flooded into the 
parks of the immense domain. Throwing open the palace was rare. 

Antirrhodos 

Antirrhodos was an Island Palace, or Kiosk which rivalled the glories of Rhodes. It lay in 
the Great Harbour directly in front of the Theatre of Dionysus, and contained a small 
harbour. 

Royal Harbour 

The Royal Ha~bour was located within the Great Harbour, on the western side ofLochias 
promontory. 

Lochias 

The Lochias promontory projected from the eastern end of the Great Harbour, joining the 
eastern end of the Island of Pharos. 

Royal Gardens 

The Royal Gardens occupied the waterfront and hinterland south and west of Lochias. 
There were several fountains in the gardens. 
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Barracks 

The barracks housing the Royal Macedonian bodyguard were located at the base of the 
Lochias promontory, guarding the landward approach to the palace, and adjacent to the 
Royal Harbour. 

Theatre 

The Theatre to Dionysus was situated on a hill overlooking the eastern Harbour, near the 
Palace. Its architecture was Greek (Forster 1982). 

It was erected by the early Ptolemies for theatrical performances. Julius Caesar used it as 
his command post during the Alexandrian War. 
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Emporium (Bourse) 

The Emporium was a market and gathering place for the people of Alexandria. It was 
located on the waterfront of the Great Harbour, and adjacent to the Royal Gardens, the 
Theatre and the Museum. 

Heptastadium 

CISC'RlMNO DOC-PV 12'12:,)Q 

The Heptastadium was a man-made land bridge 
( an aqueduct) seven stadia (1,400 metres) in 
length. It separated Alexandria's two major 
harbours: the Great Harbour ( east) and the 
Eunostos (west); and provided an accessway 
between the mainland and the Island of Pharos. 
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Paneium 

The Paneium, the sanctuary of Pan, was a rocky, man-made hill, made up of a series of 
artificial terraces. Its limestone summit was carved in the shape of a fir-cone and 
surmounted by a platform and belvedere reached by a spiral staircase. The hill was 
ascended by a spiral road. The whole city could be seen from its summit. 

The hill contained shrubs, waterfalls and pathways, and a grotto dedicated to the god Pan. 
It was located on the south side of the Canopic Way (Marlowe 1971: 63). 
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TEMPLES 

Temple of Arsinoe 

The Temple of Arsinoe was erected by Ptolemy II in honour of Arsinoe, his deceased and 
deified wife and sister. The temple contained a gilded chapel with a six-foot high statue of 
Arsinoe in topaz (Marlowe 1971: 59). A 120 foot high obelisk stood at the seaward 
entrance to the temple. 

Temple of Bendis 

The Temple of Bendis was located next to (west of) the temple of Arsinoe. Bendis was a 
Phyrigian goddess. Two obelisks stood at the entrance to the temple (Marlowe 1971: 59). 
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STREETS 

Meson Pedion (or Canopic Way) 

The Meson Pedion, or Canopic Way, was the principal street of the city of Alexandria. It 
ran from west to east for a distance of more than 3 miles. It was illuminated at night with 
oil lamps. 

Boulevard Argeus 

The Boulevard Argeus was a major street which ran southward from the Gate of the 
Moon at Lochias toward Lake Mareotis. 

Boulevard Serapis 

The Boulevard Serapis was a major street which ran southward from the Heptastadium 
toward Lake Mareotis. It was named after the god Serapis. 

The Street of the Soma 

The Street of the Soma was a second main arterial road. The place where it crossed the 
Meson Pedion was known as the 'central intersection'. Trees ran down the middle of the 
street. It was illuminated at night with oil lamps. 
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ALEXANDER TO PTOLEMY XII 

Alexandria in Egypt was described by Homer in the 
Fourth Book of the Odyssey at least 2,800 years ago. It 
is the place where: a conqueror paused and considered it 
a goodly site for a great city; a dynasty of kings ruled 
for nearly 300 years from 323 BC to 30 BC; scholars 
gathered from all over the known world to teach, to 
learn, to dispute, to create the greatest library in the 
ancient world; and men of power sought funds from 
generous monarchs to enhance their power, and refuge 
(Brazil 2000). 

Alexander the Great arrived in Egypt in 332 BC. He 
sailed around Lake Mareotis and came ashore on the 
stretch of land between the Lake and the sea. It occurred 
to him that the position was favourable for founding a 
city, and that it would prosper. Nearby was a small 
Egyptian town called Rhakotis (Brazil 2000). 

Plutarch and Appianos recorded Alexander's enthusiasm for this particular site and his 
eagerness to mark out a plan of the city. He did not have sufficient chalk to outline the 
foundations, so one of his builders collected flour from the soldiers and marked the lines 
with flour wherever Alexander led the way. Whilst absorbed in the task of demarcating 
his city, Plutarch informs us that an infinite number of great birds of several kinds, rising 
like a black cloud out of the river and the lake devoured every morsel of the flour that had 
been used in setting out the lines (Brazil 2000). 

Alexander first took this to be an unfavourable omen. But soothsayers assured him that it 
was a sign that his new city would prosper in all things, and that it would be a provider of 
food for many nations (Brazil 2000). 

Ptolemy Soter went to the site of Alexandria to establish the city marked out by 
Alexander and to rule over Egypt. But Alexandria did not develop as an Egyptian city. 
Until invaded by Rome and other conquerors, it remained essentially Greek. 

The first two kings of the name Ptolemy, Ptolemy Soter and Ptolemy Philadelphus built 
an enormous city with the buildings Strabo saw three hundred years later, and created a 
centre of learning such as the ancient world had not seen. They created a Library which 
aimed to collect every publication in the Greek language and vast numbers of works in 
other languages as well (Brazil 2000). 

The long line of sovereigns, from Ptolemy Soter to Cleopatra VII, carried on the tradition 
of patronage for scholarship, book collection, science and the arts. They attracted 
scholars from all over the world, some to teach the royal children, some to catalogue and 
manage the library, others to research and write works of mathematics, geography, 
linguistic analysis, literature and to a lesser extent philosophy and rhetoric. 
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Ptolemy XII - overthrow and return to power 

After a palace coup during the fifties BC a number of Romans became involved in 
assisting or promising to assist Ptolemy XII Auletes to regain his kingdom. 

In 59 BC Ptolemy XII promised or actually paid 6,000 talents to Pompey and Julius 
Caesar in return for recognition by Rome of his rights to the sovereignty of Egypt (Brazil 
2000). 

In 58 BC Ptolemy XII was deposed by the Alexandrians. He went to Rome to seek 
assistance for his restoration and specifically asked for Pompey to lead whatever forces 
were needed to achieve his request. The Roman Senate resisted Ptolemy's proposal. 

Ptolemy XII next sought the help of Aulus Gabinius, the Roman governor of Syria, and 
paid him 10,000 talents to regain his kingdom. In 55 BC Gabinius took his troops into 
Alexandria and restored Ptolemy to power. Ptolemy was grateful, but Rome was not. 
Gabinius was banished by the Roman Senate for invading Egypt without its authority and 
for undertaking a war forbidden by the Sibylline books (Brazil 2000). 

To ensure that the kingdom of Egypt was divided between his eldest daughter Cleopatra 
VII, and his eldest son Ptolemy XIII - whom Cleopatra must marry according to 
Ptolemaic dynastic law - Ptolemy XII prepared a will invoking the assistance of Rome. 

Ptolemy XII died in 51 BC. Cleopatra was eighteen years old, and Ptolemy XIII, ten. The 
marriage left Cleopatra perfectly free to rule as she chose. She became Cleopatra VII, 
'"mistress of the two lands," that is, reigning over Upper and Lower Egypt' (Flamarion 
1997: 31). Ptolemy XIII, however, seized the kingdom - a usurpation tolerated by Rome, 
but not formally recognized. 
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POMPEY 

In Rome, Pompey was more popular than Caesar with both the Senate and the people. 
Most of the Senate and Pompey feared Caesar's ambition and growing power (Foreman 
1999: 82). At the direction of the Senate, Pompey's forces engaged with Caesar's. At 
Pharsalos on the 9th August 48 BC, Pompey's forces lost to Caesar's and were driven out 
ofltaly (Foreman 1999: 82). 

Pompey fled to Larissa, and from there to the sea where he embarked in a small boat. He 
met a ship by chance which took him on to Mitylene where he joined his wife, Cornelia, 
and they embarked with four triremes which had come to him from Rhodos and Turos. 

He next set sail for Egypt, which was prosperous and powerful in ships, provisions and 
money (Brazil 2000). 

Cleopatra was collecting an army in Syria. Ptolemy XIII was near Pelusium awaiting her 
invasion. Pompey sailed to Pelusium and stopped when he saw a large army on the shore. 
He sent a message to the King (Ptolemy XIII) to tell of his arrival and to remind him of his 
friendship with Ptolemy XII (Brazil 2000). 

Ptolemy XIII, then aged 13, took counsel with his senior advisors Achillas, Pothinos, and 
Theodotos. Theodotos suggested that they should lay a trap for Pompey and kill him in 
order to gain favour with Caesar. His suggestion was adopted. 

A small skiff was sent to bring Pompey ashore. Among the King's attendants who came in 
the skiff was a Roman, Sempronius3 who had previously served under Pompey. At the 
same time, the whole Egyptian army lined the shore as though to honour Pompey. The 
King was conspicuous in the midst of them by his purple robe. Pompey was suspicious. 

The Roman gave his hand to Pompey in the name of the King and directed him to take 
passage in the boat to meet the young monarch in friendship on the shore. Cornelia stayed 
on board the trireme. No-one in the boat spoke. The Roman moved behind Pompey to 
give him the first stab, and then others in the boat stabbed him. Cornelia and her friends 
set sail swiftly to avert further danger to themselves. They could not save Pompey (Brazil 
2000). 

The conspirators took Pompey's head to Alexandria as a trophy for Caesar and in 
expectation of a large reward. Pompey's body was stripped, dumped naked and later 
buried on the shore near Pelusium. 

3 'Sempronius' according to the Roman historian Appianos, or 'Septimus' according to others: Caesar, 
Plutarkhos, Florus and Cassius Dio Cocceianus (Brazil 2000). 
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CAESAR & THE ALEXANDRIAN WAR 

Caesar's pursuit of Pompey 

Caesar sailed to Rhodos as soon as he learned that Pompey 
was making for Egypt after the Battle of Pharsalos. 
Caesar's army was following behind, but he did not wait 
for it, instead embarking with the troops he had on the 
triremes of Cassius and a Rhodian. He was in a hurry to 
catch up with Pompey to prevent him from occupying 
Egypt and building up sufficient resources to regain power. 
Caesar let nobody else know of his destination (Brazil 
2000). 

In August 48 BC, Caesar arrived in Alexandria four days 
after Pompey's murder. He arrived with 10 warships, 
3200 infantry and 800 cavalry. 

Upon seeing Pompey's head, Caesar is said to have displayed real or feigned distress. He 
wept bitterly at the sight of the head, called Pompey fellow countryman and son-in-law, 
and recounted happier times they had spent together. He reproached the murderers and 
commanded that the head should be adorned, properly prepared and buried (Brazil 2000). 

Cassius Dio Cocceianus, a Roman historian, recounts Caesar had always hated Pompey. 
He alleges Caesar brought on the war with Pompey with the purpose of securing 
Pompey's destruction, and his own supremacy; and that Caesar had hurried to Egypt to 
overthrow Pompey (Brazil 2000). 

Caesar's arrival in Alexandria 

Caesar incurred the wrath of Ptolemy XIII's palace royal guard when he disembarked in 
Alexandria and his soldiers marched in front of him carrying fasces - the symbol of his 
office. The city's citizens were angered (Foreman 1999). Caesar escaped into the palace 
(Brazil 2000). For several days afterwards there were riots wherever there were crowds, 
and several Roman soldiers were killed. 

For the moment, Caesar pretended to be on holiday, receiving visitors, listening to lectures 
in the Exedra and seeing the sights of the city. Cleopatra and Caesar occupied the royal 
palace with Ptolemy XIII held more as a hostage than king (Flamarion 1997). 

At the end of October 48 BC, about two and one-half months after arriving in Alexandria, 
tensions in Alexandria rose. Caesar learned that Ptolemy's army of20,000 infantry and 
2,000 cavalry, headed by Achillas was secretly ordered back from Egypt's eastern border 
by Pothinus, and was marching toward the capital (Foreman 1999; Flamarion 1997). The 
force outnumbered Caesar's five to one, and the citizens of Alexandria could be expected 
to rise in support of Ptolemy once Achillas' army reached the city (Foreman 1999). 
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As soon as Caesar's army arrived by sea, he had Pothinos executed for his part in 
Pompey's murder and the conspiracy. Theodotos escaped4 (Brazil 2000). 

Alexandrian War 

The Alexandrians rebelled against Caesar for his unauthorized acts upon their own people. 
From August 48 BC to January 47 BC the Alexandrian War ensued. It consisted of five 
stages: siege of the Palace, first naval engagement, second naval engagement, Battle of the 
Dyke, and Battle of the Nile (Forster 1982: 26). 

Achillas attacked the royal compound in late November. To cut off Caesar from supplies 
and reinforcements by sea, he tried to seize the seventy-two royal Egyptian ships in 
Alexandria's harbour. Caesar had these and fifty of his triremes burnt to keep them out of 
Achillas' hands. But the fire spread to the docks and destroyed a warehouse containing 
scrolls bound for, or returning from, the Great Library (Foreman 1999; Flamarion 1997). 

Arsinoe, with her chief advisor Ganymedes, fled to Achillas. For her display of defiance, 
Alexandrians hailed her as the true Queen (Foreman 1999). Achillas and Ganymede 
squabbled, and Achillas was put to death by Ganymedes. Ganymedes proved a more 
crafty and capable general than Achillas. The fighting went on day after day with neither 
side gaining any significant advantage (Foreman 1999). When released from house arrest, 
Ptolemy XIII fled and joined Achillas (Flamarion 1997: 45). His presence challenged 
Ganymedes' control over the army. 

During the war, Caesar had several narrow escapes. There was a famous swim in which 
he lost his cloak which was weighing him down, and saved the papers he was carrying, 
and kept them dry by holding them up high in his left hand as he swam. The Alexandrians 
hung his cloak as a trophy to commemorate their victory in this route (Brazil 2000). 

There was also the famous fire which destroyed docks, storehouses of grain and other 
buildings. Caesar burned all the vessels in the harbour because he could not protect so 
wide an area with his small number of troops. The fire, which spread to the warehouses 
and cargo on the wharves, would most certainly have engulfed bales of books (Brazil 
2000). 

Cocceianus says that the Great Library was burned. Gellius estimated approximately 
700,000 books were accidentally burned by the auxiliary soldiers in 48 BC. It is generally 
believed, however, that only a part of the Library's holdings were burned (Brazil 2000). 

Caesar won the Alexandrian War after nine months of fighting. He fought the last battle 
against Ptolemy XIII on the banks of the Nile, putting Ptolemy's Egyptians to flight -
pressing them toward the Nile where they drowned in the hundreds. The young Pharaoh, 
clad in a golden breastplate, was among them. Caesar brought the breastplate back to 
Alexandria in triumph and as evidence for Alexandrians of the young King's death 
(Flamarion 1997: 45). Caesar won a decisive victory. 

4 
Theodotos was later found wandering in Asia by Cassius and crucified by him (Brazil 1999). 
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CLEOPATRA AND CAESAR 

Cleopatra met Caesar in Alexandria shortly after Pompey's death became known to 
Caesar. She had sent word to Caesar whilst in exile and asked to be allowed to plead her 
case for sovereignty in person. Permission was granted and she entered the city by night, 
without Ptolemy XIII's knowledge, and went into Caesar's quarters in the palace. 

Plutarch5 writes of Cleopatra's arrival in a bedroll. He says that she came to Alexandria in 
a small boat with one attendant, Apollodoros of Sicily, and landed near the palace at dusk. 
To get into the palace unnoticed she lay inside a bedroll. Apollodoros tied it up and 
carried it on his back to Caesar's apartment. 

Cocceianus described Cleopatra as a woman of surpassing beauty, possessing a delightful 
voice, and as using the full force of her feminine charm to cast a spell upon everyone she 
met. Caesar succumbed to her charms and before dawn he sent for Ptolemy and attempted 
to reconcile he and Cleopatra. But Ptolemy was outraged at the sight of his sister in the 
palace and when negotiations failed, Civil war erupted (Flamarion 1997). 

At the end of the Alexandrian War, Caesar established Cleopatra and her other brother 
Ptolemy XIV as joint sovereigns of Egypt. His view was that it was safer to preserve 
Egypt as a kingdom than to turn it into a Roman province. Sovereigns who were beholden 
to him personally would be easier to manage than a headstrong governor (Brazil 2000). 

Caesar was reluctant to make Cleopatra sole ruler for two reasons: Alexandrians might 
rebel under a woman alone as sovereign; and Romans might be angry with his 
establishment of a woman as the sole sovereign of Egypt. He ordered Cleopatra to marry 
her brother and nominally consigned the kingdom to them both. Since Cleopatra's 
husband was still a child, she ruled Egypt alone - whilst spending her time in Caesar's 

company (Brazil 2000). 

Caesar was in no hurry to depart from Alexandria. There was much to enjoy in the city 
now that the war was over. Cleopatra and Caesar went on a sight-seeing trip up the Nile 
before Caesar returned to Rome (Forster 1982). 

5 Plutarch (the Greek biographer) describes the covering as a bedspread (Foreman 1999). 
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Appendix C 

Appendix C-3 

INTERNET MODULE - ALEXANDRIA IN EGYPT 



Welcome 

Back 
to 

Top 

ALEXANDRIA IN EGYPT 
48BC 

These buttons will appear on each page on the 
Alexandria in Egypt 48 BC website. The Contents 
button will lead you to a list of broad headings similar 
to the contents page in a printed book. The Search 
button will allow you to search the entire website by 
keyword. The Back to Top button will take you back to 
the top of the page. 

This learning module is concerned with people and events which shaped the city Alexandria in Egypt around the year 48 BC. 

Like many societies today, life in Alexandria around 48 BC was not one singular set of linear events, but consisted of a 
procession of complex, interwoven social, political and economic events on many levels, occurring simultaneously. 

This module aims to present you with an array of information about Alexandria, and to convey the atmosphere of the city some 
two-thousand years ago. Because items of information on this topic will have varying importance to each person, the 
information and events presented here are not organised into any particular hierarchical or chronological sequence - except 
where logic demands this. So, in this learning medium you will find there is no one right place to start exploring this topic. And 
likewise, there is no end-point or conclusion. 

Learning is a journey not a destination. Explore the ancient city of Alexandria however you wish, go wherever you wish to go, 
and learn what you want to learn about. 
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Alexandria in Egypt 

Plutarch tells us that 'the site of Alexandria was indicated to Alexander in his sleep by "a gray-headed old man of venerable 
aspect"' (Flamarion 1997: 15). He also tells us that ' ... in 331 BC, Alexander had conquered Egypt and was planning to settle a 
colony of Greeks there, he resolved to build a large and populous city, and give it his own name' (Flamarion 1997). 

Thus began the Hellenistic city of Alexandria in Egypt, the greatest of all the Alexandrias, referred to in Roman times as 
Alexandria ad Aegyptum - adjacent to, not part of, Egypt (Marlowe 1971: 107). 

Upon Alexander's death, a General of his army, Ptolemy, took control of Alexandria, installing himself as king. He became 
as Ptolemy Soter and began the dynasty of successive Macedonian rulers, ending with Cleopatra VII. 

At th<;, time of Cleopatra's birth in 69 BC, Alexandria was the largest city in the ancient world. Whereas the principal population 
of Egypt was Egyptian peasants - fellahin - numbering between 7 and 9 million around 50 BC, Alexandria held a dense 
population of three hundred thousand Alexandrians living in the city itself. 

For a time Egypt was viewed as 'the wealthiest of the Hellenistic states' (Flamarion 1997). The country's great wealth was 
achieved through a combination of a planned economy controlled by the Greeks (Ptolemy) from Alexandria, and much sought
after natural resources. 

The biographer StraboLJJ called Alexandria "the greatest emporium in the world" (Flamarion 1997: 18). The city was a 
marketplace for countless products - ivory, spices, exotic fruits, wines and art objects (Flamarion 1997: 18). It enjoyed a 
pleasant climate and abundant supplies of fresh water, enabling it to become a vast, rapidly growing city, 'the centre of culture 
and fashion for the whole Greco-Roman world' (Grant 1972: 31) and 'the locus of an intense intellectual and artistic 
life' (Flamarion 1997). 

Alexandria reached the zenith of its renown and splendour during Cleopatra's reign. Egypt, however, was not immune from 
having to pay tribute to conquering civilisations, such as Rome, in order to preserve peace. 
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ill Strabo's account of Alexandria was based on first-hand knowledge. He toured the city around 25 BC (Foreman 1999). 
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ALEXANDRIAN CULTURE 48 BC 

• Cultural DevelOJlJ:rl_<~n_t 
• Scholarship 
• Economy 
• Fauna 
• .K~Y Figures in Ale)$andrian History 

Cultural Development 

Graeco-Egyptian status 

There is evidence of friendly relations between Greek and Egyptian communities (Grant 1972: 41). 

The Greeks of Alexandria were an expatriate, privileged elite, with no political responsibilities nor share in Government. They 
enjoyed superior status and special privileges (Marlowe 1971: 107; Grant 1972). 

A small proportion of Alexandrian Greeks held positions of senior officers, high officials, scholars and poets. They dressed in the 
manner of the Greeks. The only Egyptians seen at Court were occasional priests (Marlowe 1971: 107). 

Racial development 

A Greek-speaking race which was neither Greek nor Egyptian evolved within Alexandria. Outside Alexandria, Egyptians were in 
the majority. 

Assimilation 'consisted, outwardly, of the hellenising of educated Egyptians rather than the egyptianising of Greeks' (Marlowe 
1971: 106). 
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In 2nd century BC, the historian Polybius found that in Alexandria, where mixed marriages remained illegal, none of the Greeks 
were ethnically pure, except in the Royal house (Grant 1972: 42). 

Royal lineage 

With Egyptian's autonomy and influence increasing, it was necessary for the Ptolemies to become Egyptian monarchs in the 
tradition of the Pharaohs - such as following the practice of marrying their sisters (Marlowe 1971: 107). 

Social life 

The social life of the general population of Alexandria, like all the great Hellenic cities, revolved around the Gymnasium, the 
Palaestra, the Theatre, the stadium, and a host of religious feasts and festivals (Marlowe 1971). 

Art 

In art, Alexandria followed the general hellenistic tendencies of the time: portraiture and the dainty and the picturesque. 

The art and architecture of the country, in the days of Cleopatra and her immediate forebears, displayed significant blends of 
Greek and Egyptian traditions (Grant 1972). 

Religion 

Although Egyptians and Greeks living in Alexandria each worshipped their own gods, their motives blended in religion. 

The Egyptian's leaders were their priests, 'identifiable by shaven heads and white linen robes' (Grant 1972: 44). 

'The Ptolemies did much to restore the Egyptian temples to their former glories' (Grant 1972: 44). 

Gods 

Dionysus was especially honoured in Alexandria. The Theatre was under Dionysus' special patronage. The Ptolemies were said 
to be descended from him. Rites associated with Dionysus were said to be 'particularly appropriate to the convivial temper and 
tastes of the Alexandrian Greeks' (Marlowe 1971: 113). 

Isis is the mother of Horus, wife and sister of Osiris, and sister of Nephthys. She is one of the four great protector goddesses. 
She was known as the divine sorceress and divinely represented by the ankh. Cleopatra is reported to have dressed as Isis on 

http://www.canberra.edu.au/testing/alexandria/alex48culture.html 



occasion. 

Serapis. Ptolemy I compounded the god "Serapis" for his new city from the Egyptian gods Osiris and Apis (Forster 1982). He 
had characteristics of the gods Osiris (Egyptian) and Zeus (Greek) and is represented as a bearded man in Greek clothes. 

The cult of Serapis continued actively throughout both Ptolomaic and Roman times. His was a 'synthetic tutelary deity of 
Alexandria' (Marlowe 1971: 113), worshipped as a matter of course. 

Scholarship 

Scholarship at Alexandria centred on the Library and dates from Zenodotus, the first Librarian. 

'The first three Ptolemies spent large sums and employed many agents in buying manuscripts of the Greek classics' (Marlowe 
1971: 69). 

Mathematics, Geography, Astronomy and Medicine all grew to maturity in Alexandria. Alexandria's scholars in the sciences as 
well as in literature 'collected, collated and preserved for posterity the discoveries already made in classical times' (Marlowe 
1971: 70). 

Scholars 

'Scholars were supported for reasons of prestige.' They received free housing, subsistence, 'exemption from taxes and 
protection from outside interference' (Ferguson 1973: 115). According to Theophrastus 'the scholar was unique in being never 
treated as a foreigner but always welcomed as a citizen' (Ferguson 1973: 115). 

Eratosthenes was invited to Alexandria to become librarian, and was a leading figure and 'all round genius, eminent in 
literature as well as science' (Forster 1982: 44). He straddled the two worlds of the Museum and the Library. In the Museum 
observatory he measured the Earth's diameter, and was only 50 miles out in his calculation (Forster 1982: 44). 

Euclid. Mathematics began in Alexandria with the career of Euclid. He landed in Alexandria in the reign of Ptolemy II, composed 
his 'Elements' which remained the textbook for geometry almost down to the present day, and founded a mathematical school 
that lasted 700 years (Forster 1982: 41). 

Zenodotus introduced the first critical symbol the obelus or dagger to indicate a disputed passage. 
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Aristophanes of Byzantium invented the accent, developed punctuation, and 'extended the use of critical symbols' (Ferguson 
1973: 99), 

Philinus, the leading medical theorist, came to Alexandria in the latter part of the third century BC and founded the Empirical 
school of medicine. Philinus was 'profoundly contemptuous of abstract learning and generalized theories' (Ferguson 1973: 103). 
The Empirical school is linked to the then new move, in the Museum and elsewhere, toward accumulating factual knowledge 
(Ferguson 1973: 103). 

'Dioscurides' work is the first medical treatise on the bubonic plague' (Ferguson 1973: 106). 

Museum and Library 

'The connection between the Museum and the Library is obscure' (Marlowe 1971: 69). 

It is believed Demetrius of Phalaerum, a member of Ptolemy's court, had something to do with the development of the library 
and museum (Ferguson 1973: 98), 

Studies pursued at the Museum were 'based on the Aristotlean precepts of observation and deduction, consisted principally of 
mathematics, medicine, astronomy and geometry'; and at the Library, grammar and philology (Marlowe 1971:70). The 
Alexandrian school was supreme within these fields for some five-hundred years. 

Museum 

The word 'museum' originally denoted 'a temple or shrine to the Muses, a place of inspiration and creative 
imagination' (Ferguson 1973: 98), The Museum of Alexandria was dedicated to the Muses, thereby emphasising the 'classical 
Greek connection .between learning and the arts' (Marlowe 1971: 68), 

'The Museum was a State institution, located on royal property, subsidised from the royal bounty' (Marlowe 1971: 68). It was 
led by a priest who was nominated by the King and given the title Head of the Museum, 

Scholars attended the Museum by royal invitation, resided there, and were maintained by royal funds (Marlowe 1971: 68). It is 
thought that only about 30 scholars lived and worked at the Museum at any one time (Marlowe 1971: 68). 

'The Museum appears to have had no resident students, but its scholars certainly had pupils and disciples, whom they taught, 
possibly outside the Museum' (Marlowe 1971: 69). 

The Museum of Alexandria usurped the position of intellectual pre-eminence from the schools of Athens. 
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The literature that grew up in the Museum of Alexandria 'developed when the heroic age of Greece was over' (Forster 1982: 
32). 

In the 3rd century BC Timon .Wspoke of the 'hen-coop' of the Muses. The Muses and the scholars being referred to collectively 
as cooped up and expected to lay eggs (Ferguson 1973). 

Library 

Works were collected in the Library, and codified, amended and explained. 

Ptolemy IV founded a branch of the Library devoted to the study and editing of Homer (Marlowe 1971: 69). 

The actual holdings of rolls (scrolls) in Alexandria's Library is not known. Estimates range from 700,000 by the Roman period 
(Ferguson 1973: 98), to over 1,250,000. 

Academic Rivalry 

Alexandria's main academic rival was Pergamum. Ptolemy II cut off supplies of papyrus to Pergamum, causing the Pergamenes 
to develop books of parchment - a sheepskin preparation, more expensive, and more durable than papyrus, and used on both 
sides for economy (Ferguson 1973: 100; Foreman 1999). 

Science 

The Ptolemies preferred science over Literature, 'for it could not criticise their divine right' (Forster 1982: 40). 

In Ancient Greece, science had been studied sporadically and without co-ordination or laboratories. Important truths might be 
discovered and in danger of oblivion because they could not be popularised. The Museum changed this. Science, under royal 
patronage, leapt to new heights (Forster 1982: 40). The basis of hydraulics, for example, was developed in Alexandria. 

The decline of science at Alexandria coincided exactly with the rise of Christianity (Forster 1982: 45). 

Economy 

Egypt enjoyed agricultural prosperity. Around the first century BC it became 'the granary of the ancient world. Cereals included 
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wheat, barley and sorghum; flax was of major importance; the land was rich in vegetation, lentils, beans, chickpea and onions; 
... the palm prospered and other fruits flourished; there was also papyrus' (Ferguson 1973: 51). 

With immense resources, Egypt used a system of state capitalism wherein the state owned mines, quarries, fisheries and 
factories, and forests in Cyprus and Lebanon (Ferguson 1973: 51). 

Government 

'Cleopatra presided over one of the most rigidly centralized bureaucratic governments that the world has ever seen . 
... Successive monarchs, through their ministers and agents, controlled virtually the whole of the country's revenue' (Grant 
1972: 34). A Ptolemaic decree stated: 'No one has the right to do whatever he wishes, but everything is organized for the 
best' (Grant 1972: 35). 

Coinage 

The first Ptolemaic coinage was silver, but later bronze. It was circulated only inside Egypt, and not very extensively, thereby 
isolating the economy from the rest of the Hellenistic world (Grant 1972: 37). · 

Cleopatra debased her country's coinage by reducing its silver content to 25 per cent. Whereas merchants took to weighing 
irregular coinage to assess its value, she safeguarded her profits by marking the denominations 80 and 40 drachmas on her 
bronze pieces, forcing their acceptance as the official evaluation. She made extensive gains for herself. 

Interest rates 

Interest rates were as high as 24 per cent, keeping labour cheap and money dear (Grant 1972: 37). 

Exports 

Papyrus, with its host of uses beyond that of making paper, was a principal export and 'virtually an Egyptian monopoly' (Grant 
1972: 33). Other exports included ivory, linen and sculptured stones, and woollen goods. 

Land 

'Agricultural techniques and crops imported by Greek military colonists resulted in an improved use of the soil' (Flamarion 
1997). 'Land use was strictly codified and supervised by civil servants' (Flamarion 1997). 
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Fauna 

Sacred animals 

The Nile crocodile was sacred to Egyptians and the object of numerous mythological stories. 

Service animals 

Horses were a symbol of prestige because of their high cost. They were ridden very rarely, and then only by royalty or 
honoured individuals. 

Hinnies (the offspring of a male horse and female donkey) were the poor-man's horse. They were used to pull chariots and 
harvest fieldwork. 

Donkeys were the principal beast of burden. They worked in agricultural fields, were used often as pack animals for long
distance travel, and were ridden rarely. 

Oxen were used to draw wheeled vehicles and perform agricultural duties. 

Dromedaries (one-humped camels) served as draft animals. 

Hunted animals 

Numerous types of animals were hunted for sport, food and as sources of materials in Egypt. 

Commonly hunted animals included the ostrich, elephant, rhinoceros, leopard; giraffe, auroch, ibex, oryx, gazelle, deer, hyena, 
hare and red fox. 

Materials collected for clothing, jewellery and utilitarian purposes included: feathers, ivory, bone, horn, leather, shell and meat. 

Animals cultivated for food and products 

These included bees, cattle, fish, goats, sheep, pigs, turtles. 
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Pet animals 

In Egypt, pets included dogs, cats, birds, gazelle, lions and monkeys. 

Dogs were the main pet of ancient Egypt and were honoured by being the only species to receive a name. 

Cats were valued as companions and controllers of vermin (mice). 

Gazelle were domesticated and kept in the home, valued for their gentle nature. 

Key Figures in Alexandrian History 

Ptolemies 

All the (male) kings of the Ptolemaic line had the name Ptolemy, and adopted additional descriptive names. For example, 
Ptolemy Soter. Soter meaning 'Saviour' (Foreman 1999). Ptolemaic women were all called either Berenice, Arsinoe, or Cleopatra 
(Foreman 1999). 

The first three Ptolemies were responsible for establishing the institutions for which Alexandria is renowned, whilst successive 
Ptolemies maintained and developed them. 

The Ptolemies founded Alexandria's two great institutions: the Palace and the Museum. The Palace provided the finances, the 
Museum provided imagination and knowledge (Forster 1982). Through the Ptolemys' support, Alexandria became renowned as a 
centre of learning and scholarship. For several centuries, scholars from throughout the civilised world were attracted to it. 

Cleopatra VII 

Cleopatra, born around 69 BC, was the daughter of Ptolemy XII Auletes. She descended from a long line of Macedonian rulers 
(Flamarion 1997; Foreman 1999). Ptolemy XII appears to have had 6 children: Cleopatra VI, Berenice IV, Cleopatra VII, Arsinoe 
IV, Ptolemy XIII and Ptolemy XIV (Grant 1972: 3). Arsinoe (three years younger than Cleopatra) and the two boys, were half 
siblings by Ptolemy XII's second wife (Foreman 1999). One of Cleopatra's grandmothers was a Seleucid princess with some 
Persian blood (Foreman 1999). 

In 51 BC, aged seventeen years, Cleopatra reigned jointly with her father (Grant 1972; Forster 1982). In the same year, her 
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father died, and in line with tradition, Cleopatra married her step-brother Ptolemy XIII. 

Ptolemy XIII expelled her. She fled Alexandria in 50 BC, was officially deposed in 49 BC, and in 48 BC was outside Egypt 
altogether. 

Ptolemy XIII died in the Alexandrian War of 48 BC. Upon his death, Cleopatra regained the throne, a widow at age twenty-two 
years. Again, following tradition, she next married her second younger brother, Ptolemy XIV, aged 10 years (Flamarion 1997). 

Cleopatra entered into a relationship with Julius Caesar upon his arrival in Alexandria in 48 BC. On 23 June 47 BC she gave birth 
to her first child, a boy, Caesar's son, named Ptolemy Caesar. The people of Alexandria named him Caesarian (Flamarion 1997). 

Cleopatra had dark coppery-coloured hair, spoke several languages, exuded confidence, was well versed in political matters, 
used her attributes to wield events according to her needs. 

Cleopatra reigned over Egypt from Alexandria for 21 years, dying in Alexandria in 30 BC. 

Caesar 

Julius Caesar entered Alexandria in 48 BC whilst in pursuit of Pompey. On arrival, he cultivated an alliance, and a relationship, 
with Cleopatra VII. 

His presence sparked the Alexandrian War within months of his arrival. On winning the war he installed Cleopatra as queen of 
Egypt and returned to Rome. 

In 46 BC he became dictator of Rome for ten years. In 44 BC the Senate named him dictator for life (Flamarion 1997). On 15 
March 44 BC, the ides of March, conspirators struck Caesar down at the foot of a statue of Pompey (Flamarion 1997). 

ill. 3rd century philosopher renowned for his disdain for humankind. 
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ALEXANDRIA IN EGYPT 48 BC 

ALEXANDRIAN BUILDINGS AND SITES 48 BC 

• Landscape 
• City Plan 
• Major Buildings and Site_~ 

Alexandria has been called a place 'more Greek than Greece' and said to have 'started brand new, gleaming white, a calculated 
marvel of marble' (Forster 1982: 23). Strabo called the city 'a universal reservoir', commenting on its international variety of 
faces, racial types, accents and dress (Brazil 2000). 

Geographically, Alexandria stood at the junction of sea traffic and river traffic brought by the Nile - at a crossroad where 
civilisations transited the Mediterranean to trade. The lighthouse of Alexandria was one of the seven wonders of the ancient 
world. It was located on the eastern end of the island of Pharos, north of the city, separated by the Great Harbour. The 
lighthouse rose over 400 feet into the air. Atop was a light which, reflecting on a curved metal mirror, was visible from 60 
kilometres out to sea, guiding tramp ships seeking to engage in trade, as well as ships of war. 

But the lighthouse was not Alexandria's only claim to fame. Though not 'wonders of the ancient world', Alexandria on Egypt 
possessed many splendid icons and institutions within and around the area of the city known as the royal quarter, or Bruchium. 

Nobody knows with certainty how far the Bruchium extended. But generally, it covered the area of the southern and eastern 
sides of the city's Great Harbour. 

Landscape 

In Alexander's time the Alexandrian mainland was shaped 'probably rather like the top of a bull's head with two straight 
peninsular horns jutting into the open sea' (Brazil 2000), toward the eastern and western ends of the oblong shaped island of 
Pharos, forming a harbour with two entrances. 
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The eastern end of Phares is opposite the promontory of Lochias. The gap between the western end of the island and the 
mainland was wide, and the entrance into the harbour was difficult to navigate (Brazil 2000). 

Along the edge of the Lochias promontory was the royal palace, groves and lodges painted in a variety of colours. Adjacent to 
the promontory at Lochias was the Royal Harbour. It was dug and shaped by the hand of man, and deep enough to allow large 
ships to moor alongside the embankment at the water's edge. The buildings seemed to rise straight out of the harbour at the 
water's edge (Brazil 2000). 

Within the Great harbour was a small island, Antirrhodos, the private property of the Kings of Egypt, so named because it was 
regarded as a rival to the Island of Rhodes. It featured another royal dwelling, and a small harbour for the private use of the 
royal family (Brazil 2000). 

Alexandria is washed on all sides by water: on the north by the Egyptian Sea, and on the south by Lake Mareotis. The lake and 
the sea respectively brought fresh water through an elaborate system of canals, and vessels importing food and other goods. 

At the beginning of summer the Nile waters fill the Lake to its brim. There are no marshes on the edge to corrupt the air. The 
Etesian wind blows from the sea over Alexandria, making the summer very pleasant. The Etesian wind's blowing steadily from 
the North was a key factor for Alexander when laying out the city street grid; his aim being to channel the wind through the 
streets, and so cool the city (Brazil 2000). 

City Plan 

The general framework of the city of Alexandria 'was the product of a single scheme, laid down by Dinocrates (in 332 BC) and 
executed by the first three Ptolemies' (Forster 1982). 

Greeks liked to lay their towns out evenly (Forster 1982: 11). The city was planned on a grid pattern. Philo, a Graeco-Jewish 
philosopher, born in Alexandria in 15 BC, tells us that the city was divided into five sections designated as Alpha, Beta, Gamma, 
Delta and Epsilon (Brazil 2000). 

The royal district (Bruchium), presumed Beta, was bounded by Cape Lochias in the east, the Great Harbour on the north, the 
Canopic Way in the south, and the Street of the Soma in the west. It included the palaces, the Museum and the Soma (Marlowe 
1971: 57). 

Uncertain evidence distinguishes eleven roads running North-South and seven East-West, the main avenues being over thirty 
metres wide and illuminated at night. The port was developed after the laying out of streets. 

There is minimal archaeological evidence available to determine what the city's ancient buildings looked like. Archaeologists 
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have recovered Ionic and Corinthian column capitals of Hellenistic workmanship, and Egyptian granite columns. 

Literature tells more about the city than archaeology (MacKendrick 1962: 335). Alexandria teemed with public buildings, 
temples and sacred sites. The public precincts and royal palaces comprised a quarter to a third of the city. Its great buildings 
included the palace, Alexander's tomb; the Museum, Library, zoological gardens, gymnasium, theatre, the shrine of Pan, and 
numerous temples. Temples were Hellenistic in architectural design. Buildings were made of brick faced with marble. Most of the 
public buildings were faced with marble. Little or no wood was used in the construction of buildings. Consequently, there was 
little danger of fire. All the streets of Alexandria were broad enough for wheeled traffic. Main streets were paved with square 
greyish stone blocks. 

Dinocrates' plan survived until Roman occupation imposed a new wave of building and town planning. 
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Major Buildings and Sites 

Great Harbour 
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The East or Great Harbour was the easternmost of Alexandria's two major harbours. 

It nestled between the Island of Pharos and the area known as the Bruchium, and provided sanctuary for Alexandria's fleets of 
naval and royal ships. 

Books, mostly coming to Alexandria from lands to the north, were usually unloaded in the Great Harbour. 

Museum 

The Museum was near the Great Harbour. It was a court institution founded by Ptolemy I, organised along the lines of the 
Athenian Museum, though richer and larger, and under the control of the king. 

The Museum was the great intellectual achievement of the dynasty; 'a great cradle of the modern sciences, of rhetoric, 
philosophy, medicine, anatomy, geometry, hydrostatics, geography, and astronomy' (Flamarion 1997: 20). 

'In some ways it resembled a modern university, but the scholars and scientists and literary men whom it supported were under 
no obligation to teach; they had only to pursue their studies to the greatest glory of the Ptolemies' (Forster 1982: 20). 

The Museum comprised several buildings: the Museum and (Great) Library buildings were adjacent; a portico led to the Exedra 
(Great Hall), behind which was the Oecus (Dining Hall) (Canfora 1991). 

Its vast areas included lecture halls, laboratories, observatories, fountains, large gardens and a zoological garden in the 
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surrounding park (Forster 1982: 19). 

Library 

The Library of Alexandria was described by E.M. Forster as 'the most famous element' of the enormous (Museum) institution 
(1982: 20). It contained 500,000 books and a catalogue that occupied 120 books. 

The construction of the library is conjectural. Canfora, interpreting Strabo's account, speaks of the library having a covered 
walk, 'not a mere alleyway, but a broad roofed passage' (Canfora 1991: 81). 
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Slender archaeological evidence situates the Library at the north-west corner of the great central intersection. No description of 
its architecture exists. 

Exedra (Great Hall) 

The Exedra and Oecus 

The Exedra was where philosophers, rhetoricians, and other scholars engaged in intellectual debate and disputation. 

Oecus (Dining Hall) 

The Oecus was where scholars had their meals. The building was circular and 'roofed in by a dome in the centre and a terrace, 
supported by concentric circles of columns inside the Oecus. On the terrace there was an Observatory' (Marlowe 1971: 57). 

Gymnasium 
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The Gymnasium was the finest public building in Alexandria. It possessed breathtaking porticoes about 200 metres in length, 
along the line of the Canopic Way (Marlowe 1971: 58). 

Gymnasia usually included an open athletic ground for outdoor exercises such as running, jumping and throwing. 

It was the centre of civic life for the Greek community - a kind of club and civic centre, and both the High School or University 
for ephebes (Greek male youth). It was headed by a Gymnasiarch - a sort of mayor. 

Palaestra 

The Palaestra - for ephebes and younger males - corresponds more with the modern idea of a gymnasium (Marlowe 1971: 58). 

It was a partly enclosed structure which contained rooms for indoor exercises, dressing, baths, lectures and other activities. 
Ephebes wrestled, boxed, practiced for the games, and bathed in the palaistra (Palaestra). 

It was probably located between the Theatre of Dionysus and the Gymnasium. 

Soma 
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The Mausoleum or 'Soma' was a principal building in Ptolemaic times, within the Museum precincts. It was the burial place of 
Alexander and of the Ptolemies. 

Within the mausoleum, Alexander's body lay within a temenos, a sacred precinct worthy of Alexander's glory (Brazil 2000). In 
48 BC, Alexander's body was on view but no longer lay in its original golden sarcophagus. The gold is believed to have been 
plundered by Ptolemy XI who replaced the sarcophagus with one made of'a transparent material - either alabaster or glass 
(Brazil 2000). Alexander lay surrounded by books and papyri in a sarcophagus of glass from the first century BC. 

The Soma is believed to have been at the junction of the Canopic Way and the Street of the Soma. Nothing is known of its 
architecture. 

Dicasterion (Palace of Justice) 
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The Dicasterion, or Palace of Justice, was located at the north-east corner of the great intersection, adjacent to the Soma, and 
surrounded by groves (Marlowe 1971). 

Royal Palace 

Alexandria's palace 'system' covered the Promontory of Lochias. It was the seat of government as well as the royal residence. 
Each Ptolemy made additions to the palace. No one knows how far the palace buildings stretched inland, or along the shore, or 
of their architecture (Marlowe 1971). 

Inland, the Palace system connected with the Museum system. 
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Strabo describes the palace compound in 24 BC as laying southeast of the eastern harbour, and occupying from a fourth to a 
third of the city's total area. Within its precinct was a botanical garden, zoo and the Library and Museum. 

'The Palace was built of alabaster and polychrome marble (or marble veneer over brick); 'its furniture was inlaid with ivory, 
gold, and silver; its mosaics and rich rugs were famous' (MacKendrick 1962: 333). 

The Palace was opened to the public during the feast of Adonis. People flooded into the parks of the immense domain. Throwing 
open the palace was rare. 

Antirrhodos 
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Antirrhodos was an Island Palace, or Kiosk which rivalled the glories of Rhodes. It lay in the Great Harbour directly in front of 
the Theatre of Dionysus, and contained a small harbour. 

Royal Harbour 

The Royal Harbour was located within the Great Harbour, on the western side of Lochias promontory. 

Lochias 

The Lochias promontory projected from the eastern end of the Great Harbour, joining the eastern end of the Island of Pharos. 

Royal Gardens 
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The Royal Gardens occupied the waterfront and hinterland south and west of Lochias. There were several fountains in the 
gardens. 

Barracks 

The barracks housing the Royal Macedonian bodyguard were located at the base of the Lochias promontory, guarding the 
landward approach to the palace, and adjacent to the Royal Harbour. 

Theatre 
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The Theatre to Dionysus was situated on a hill overlooking the eastern Harbour, near the Palace. Its architecture was Greek 
(Forster 1982). 
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It was erected by the early Ptolemies for theatrical performances. Julius Caesar used it as his command post during the 
Alexandrian War. 

Emporium {Bourse) 
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The Emporium was a market and gathering place for the people of Alexandria. It was located on the waterfront of the Great 
Harbour, and adjacent to the Royal Gardens, the Theatre and the Museum. 

Heptastadium 

The Heptastadium was a man-made land bridge (an aqueduct) seven stadia (1,400 
metres) in length. It separated Alexandria's two major harbours: the Great Harbour 
(east) and the Eunostos (west); and provided an accessway between the mainland 
and the Island of Pharos. 
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Paneium 

The Paneium, the sanctuary of Pan, was a rocky, man-made hill, made up of a series of artificial terraces. Its limestone summit 
was carved in the shape of a fir-cone and surmounted by a platform and belvedere reached by a spiral staircase. The hill was 
ascended by a spiral road. The whole city could be seen from its summit. 

The hill contained shrubs, waterfalls and pathways, and a grotto dedicated to the god Pan. It was located on the south side of 
the Canopic Way (Marlowe 1971: 63). 

Temples 

Temple of Arsinoe 

http://www.canberra.edu.au/testing/alexandria/alex48building.html 



The Temple of Arsinoe was erected by Ptolemy II in honour of Arsinoe, his deceased and deified wife and sister. The temple 
contained a gilded chapel with a six-foot high statue of Arsinoe in topaz (Marlowe 1971: 59). A 120 foot high obelisk stood at 
the seaward entrance to the temple. 

Temple of Bendis 

The Temple of Bendis was located next to (west of) the temple of Arsinoe. Bendis was a Phyrigian goddess. Two obelisks stood 
at the entrance to the temple (Marlowe 1971: 59). 
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STREETS 

Meson Pedion (or Canopic Way) 

The Meson Ped ion, or Canopic Way, was the principal street of the city of Alexandria. It ran from west to east for a distance of 
more than 3 miles. It was illuminated at night with oil lamps. 

Boulevard Argeus 

The Boulevard Argeus was a major street which ran southward from the Gate of the Moon at Lochias toward Lake Mareotis. 

Boulevard Serapis 

The Boulevard Serapis was a major street which ran southward from the Heptastadium toward Lake Mareotis. It was named 
after the god Serapis. 

The Street of the Soma 

The Street of the Soma was a second main arterial road. The place where it crossed the Meson Pedion was known as the 'central 
intersection'. Trees ran down the middle of the street. It was illuminated at night with oil lamps. 
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ALEXANDRIA IN EGYPT 48 BC 

ALEXANDRIA: KEY HISTORICAL EVENTS 

• ALEXANDER TO PTOLEMY XII 
o Ptolemy XII - overthrow and return to power 

• POMPEY 
• CAESAR & THE ALEXANDRIAN WAR 

o Caesar's pursuit of Pompey 
o Caesar's arri_val in Alexandris! 
o [llexandrian War 

• CLEOPATRA AND CAESAR 

ALEXANDER TO PTOLEMY XII 

Alexandria in Egypt was described by Homer in the Fourth Book of the Odyssey at least 2,800 years 
ago. It is the place where: a conqueror paused and considered it a goodly site for a great city; a 
dynasty of kings ruled for nearly 300 years from 323 BC to 30 BC; scholars gathered from all over the 
known world to teach, to learn, to dispute, to create the greatest library in the ancient world; and men 
of power sought funds from generous monarchs to enhance their power, and refuge (Brazil 2000). 

Alexander the Great arrived in Egypt in 332 BC. He sailed around Lake Mareotis and came ashore on 
the stretch of land between the Lake and the sea. It occurred to him that the position was favourable 
for founding a city, and that it would prosper. Nearby was a small Egyptian town called Rhakotis (Brazil 
2000). 

Plutarch and Appianos recorded Alexander's enthusiasm for this particular site and his eagerness to 
mark out a plan of the city. He did not have sufficient chalk to outline the foundations, so one of his 

builders collected flour from the soldiers and marked the lines with flour wherever Alexander led the way. Whilst absorbed in the 
task of demarcating his city, Plutarch informs us that an infinite number of great birds of several kinds, rising like a black cloud 
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out of the river and the lake devoured every morsel of the flour that had been used in setting out the lines (Brazil 2000). 

Alexander first took this to be an unfavourable omen. But soothsayers assured him that it was a sign that his new city would 
prosper in all things, and that it would be a provider of food for many nations (Brazil 2000). 

Ptolemy Soter went to the site of Alexandria to establish the city marked out by Alexander and to rule over Egypt. But 
Alexandria did not develop as an Egyptian city. Until invaded by Rome and other conquerors; it remained essentially Greek. 

The first two kings of the name Ptolemy, Ptolemy Soter and Ptolemy Philadelphus built an enormous city with the buildings 
Strabo saw three hundred years later, and created a centre of learning such as the ancient world had not seen. They created a 
Library which aimed to collect every publication in the Greek language and vast numbers of works in other languages as well 
(Brazil 2000). 

The long line of sovereigns, from Ptolemy Soter to Cleopatra VII, carried on the tradition of patronage for scholarship, book 
collection, science and the arts. They attracted scholars from all over the world, some to teach the royal children, some to 
catalogue and manage the library, others to research and write works of mathematics, geography, linguistic analysis, literature 
and to a lesser extent philosophy and rhetoric. 

Ptolemy XII - overthrow and return to power 

After a palace coup during the fifties BC a number of Romans became involved in assisting or promising to assist Ptolemy XII 
Auletes to regain his kingdom. 

In 59 Ptolemy XII promised or actually paid 6,000 talents to Pompey and Julius Caesar in return for recognition by Rome of his 
rights to the sovereignty of Egypt (Brazil 2000). 

In 58 BC Ptolemy XII was deposed by the Alexandrians. He went to Rome to seek assistance for his restoration and specifically 
asked for Pompey to lead whatever forces were needed to achieve his request. The Roman Senate resisted Ptolemy's proposal. 

Ptolemy XII next sought the help of Aulus Gabinius, the Roman governor of Syria, and paid him 10,000 talents to regain his 
kingdom. In 55 BC Gabinius brought his troops into Alexandria and restored Ptolemy to power. Ptolemy was grateful, but Rome 
was not. Gabinius was banished by the Roman Senate for invading Egypt without its authority and for undertaking a war 
forbidden by the Sibylline books (Brazil 2000). 

To ensure that the kingdom of Egypt was divided between his eldest daughter Cleopatra VII, and his eldest son Ptolemy XIII -
whom Cleopatra must marry according to Ptolemaic dynastic law - Ptolemy XII prepared a will invoking the assistance of Rome. 
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Ptolemy XII died in 51 BC. Cleopatra was eighteen years old, and Ptolemy XIII, ten. The marriage left Cleopatra perfectly free to 
rule as she chose. She became Cleopatra VII, '"mistress of the two lands," that is, reigning over Upper and Lower 
Egypt' (Flamarion 1997: 31). Ptolemy XIII, however, seized the kingdom - a usurpation tolerated by Rome, but not formally 
recognized. 

POMPEY 

In Rome, Pompey was more popular than Caesar with both the Senate and the people. Most of the Senate and Pompey feared 
Caesar's ambition and growing power (Foreman 1999: 82). At the direction of the Senate, Pompey's forces engaged with 
Caesar's. At Pharsalos on the 9th August 48 BC, Pompey's forces lost to Caesar's and were driven out of Italy (Foreman 1999: 
82). 

Pompey fled to Larissa, and from there to the sea where he embarked in a small boat. He met a ship by chance which took him 
on to Mitylene where he joined his wife, Cornelia, and they embarked with four triremes which had come to him from Rhodos 
and Turos (Brazil 2000). 

He next set sail for Egypt, which was nearby and was still a great kingdom, prosperous and powerful in ships, provisions and 
money (Brazil 2000). 

Cleopatra was collecting an army in Syria. Ptolemy XIII was near Pelusium awaiting her invasion. Pompey sailed to Pelusium 
and stopped when he saw a large army on the shore. He sent a message to the King (Ptolemy XIII) to tell of his arrival and to 
remind him of his friendship with Ptolemy XII (Brazil 2000). 

Ptolemy XIII, then aged 13, took counsel with his senior advisors Achillas, Pothinos and The.odotos. Theodotos suggested that 
they should lay a trap for Pompey and kill him in order to gain favour with Caesar. His suggestion was adopted. 

A small skiff was sent to bring Pompey ashore. Among the King's attendants who came in the skiff was a Roman, Sempronius 
[ZJ who had previously served under Pompey. At the same time, the whole Egyptian army lined the shore as though to honour 
Pompey. The King was conspicuous in the midst of them by his purple robe. Pompey was suspicious. 

The Roman gave his hand to Pompey in the name of the King and directed him to take passage in the boat to meet the young 
monarch in friendship on the shore. Cornelia stayed on board the trireme. No-one in the boat spoke. The Roman moved behind 
Pompey to give him the first stab, and then others in the boat stabbed him. Cornelia and her friends set sail swiftly to avert 
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further danger to themselves. They could not save Pompey (Brazil 2000). 

The conspirators took Pompey's head to Alexandria as a trophy for Caesar and in expectation of a large reward. Pompey's body 
was stripped, dumped naked and later buried on the shore near Pelusium. 

~~~~~~~~~~~~~~~~~~~~ 

CAESAR & THE ALEXANDRIAN WAR 

Caesar's pursuit of Pompey 

Caesar sailed to Rhodos as soon as he learned that Pompey was making for Egypt after the Battle of 
Pharsalos. Caesar's army was following behind, but he did not wait for it, instead embarking with the 
troops he had on the triremes of Cassius and a Rhodian. He was in a hurry to catch up with Pompey to 
prevent him from occupying Egypt and building up sufficient resources to regain power. Caesar let 
nobody else know of his destination (Brazil 2000). 

In August 48 BC, Caesar arrived in Alexandria four days after Pompey's murder. He arrived with 10 
warships, 3200 infantry and 800 cavalry. 

Upon seeing Pompey's head, Caesar is said to have displayed real or feigned distress. He wept bitterly 
at the sight of the head, called Pompey fellow countryman and son-in-law, and recounted happier times 
they had spent together. He reproached the murderers and commanded that the head should be 
adorned, properly prepared and buried (Brazil 2000). 

Cassius Dio Cocceianus, a Roman historian, recounts Caesar had always hated Pompey. He alleges Caesar brought on the war 
with Pompey with the purpose of securing Pompey's destruction, and his own supremacy; and that Caesar had hurried to Egypt 
to overthrow Pompey (Brazil 2000). 

Caesar's arrival in Alexandria 

Caesar incurred the wrath of Ptolemy XIII's palace royal guard when he disembarked in Alexandria and his soldiers marched in 
front of him carrying fasces - the symbol of his office. This city's citizens were angered (Foreman 1999). Caesar escaped into 
the palace (Brazil 2000). For several days afterwards there were riots wherever there were crowds, and several Roman soldiers 
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were killed. 

For the moment, Caesar pretended to be on holiday, receiving visitors, listening to lectures in the Exedra and seeing the sights 
of the city. Cleopatra and Caesar occupied the royal palace with Ptolemy XIII held more as a hostage than king (Flamarion 
1997). 

At the end of October 48 BC, about two and one-half months after arriving in Alexandria, tensions in Alexandria rose. Caesar 
learned that Ptolemy's army of 20,000 infantry and 2,000 cavalry, headed by Achillas was secretly ordered back from Egypt's 
eastern border by Pothinus, and was marching toward the capital (Foreman 1999; Flamarion 1997). The force outnumbered 
Caesar's five to one, and the citizens of Alexandria could be expected to rise in support of Ptolemy once Achillas' army reached 
the city (Foreman 1999). 

As soon as Caesar's army arrived by sea, he had Pothinos executed for his part in Pompey's murder and the conspiracy. 
Theodotos escaped ill (Brazil 2000). · 

Alexandrian War 

The Alexandrians rebelled against Caesar for his unauthorized acts upon their own people. From August 48 BC to January 47 BC 
the Alexandrian War ensued. It consisted of five stages: siege of the Palace, first naval engagement, second naval engagement, 
Battle of the Dyke, and Battle of the Nile (Forster 1982: 26). 

Achillas attacked the royal compound in late November. To cut off Caesar from supplies and reinforcements by sea, he tried to 
seize the seventy-two royal Egyptian ships in Alexandria's harbour. Caesar had these and fifty of his triremes burnt to keep 
them out of Achillas' hands. But the fire spread to the docks and destroyed a warehouse containing scrolls bound for, or 
returning from, the great Library (Foreman 1999; Flamarion, 1997). 

Arsinoe, with her chief advisor Ganymedes, fled to Achillas. For her display of defiance, Alexandrians hailed her as the true 
Queen (Foreman 1999). Achillas and Ganymede squabbled, and Achillas was put to death by Ganymedes. Ganymedes proved a 
more crafty and capable general than Achillas. The fighting went on day after day with neither side gaining any significant 
advantage (Foreman 1999). When released from house arrest, Ptolemy XIII fled and joined Achillas (Flamarion 1997: 45). His 
presence challenged Ganymedes' control over the army. 

During the war, Caesar had several narrow escapes. There was a famous swim in which he lost his cloak which was weighing 
him down, and saved the papers he was carrying, and kept them dry by holding them up high in his left hand as he swam. The 
Alexandrians hung his cloak as a trophy to commemorate their victory in this route (Brazil 2000). 

There was also the famous fire which destroyed docks, storehouses of grain and other buildings. Caesar burned all the vessels in 
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the harbour because he could not protect so wide an area with his small number of troops. The fire, which spread to the 
warehouses and cargo on the wharves, would most certainly have engulfed bales of books (Brazil 2000). 

Cocceianus says that the Great Library was burned. Gellius estimated approximately 700,000 books were accidentally burned by 
the auxiliary soldiers in 48 BC. It is generally believed, however, that only a part of the Library's holdings were burned (Brazil 
2000). 

Caesar won the Alexandrian War after nine months of fighting. He fought the last battle against Ptolemy XIII on the banks of 
the Nile, putting Ptolemy's Egyptians to flight - pressing them toward the Nile where they drowned in the hundreds. The young 
Pharaoh, clad in a golden breastplate, was among them. Caesar brought the breastplate back to Alexandria in triumph and as 
evidence for Alexandrians of the young King's death (Flamarion 1997: 45). Caesar won a decisive victory. 

~~~~~~~~~~~~~~~~~~~~ 

CLEOPATRA AND CAESAR 

Cleopatra met Caesar in Alexandria shortly after Pompey's death became known to Caesar. She had sent word to Caesar whilst 
in exile and asked to be allowed to plead her case for sovereignty in person. Permission was granted and she entered the city by 
night, without Ptolemy XIIl's knowledge, and went into Caesar's quarters in t.he palace. 

Plutarch£~. writes of Cleopatra's arrival in a bedroll. He says that she came to Alexandria in a small boat with one attendant, 
Apollodoros of Sicily, and landed near the palace at dusk. To get into the palace unnoticed she lay inside a bedroll. Apollodoros 
tied it up and carried it on his back to Caesar's apartment. 

Cocceianus described Cleopatra as a woman of surpassing beauty, possessing a delightful voice, and as using the full force of 
her feminine charm to cast a spell upon everyone she met. Caesar succumbed to her charms and before dawn he sent for 
Ptolemy and attempted to reconcile he and Cleopatra. But Ptolemy was outraged at the sight of his sister in the palace, and 
when negotiations failed, Civil war erupted. 

At the end of the Alexandrian War, Caesar established Cleopatra and her other brother Ptolemy XIV as joint sovereigns of Egypt. 
His view was that is was safer to preserve Egypt as a kingdom than turn it into a Roman province, Sovereigns who were 
beholden to him personally would be easier to manage than a headstrong governor (Brazil 2000). 

Caesar was reluctant to make Cleopatra sole ruler for two reasons: Alexandrians might rebel again under a woman alone as 
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sovereign; and Romans might be angry with his establishment of a woman as the sole sovereign of Egypt. He ordered Cleopatra 
to marry her brother and nominally consigned the kingdom to them both. Since Cleopatra's husband was still a child, she ruled 
Egypt alone - whilst spending her time in Caesar's company (Brazil 2000). 

Caesar was in no hurry to depart from Alexandria. There was much to enjoy in the city now that the war was over. Clepopatra 
and Caesar went on a sight-seeing trip up the Nile before Caesar returned to Rome (Forster 1982). 

G.J 'Sempronius' according to the Roman historian, Appianos or 'Septimus' according to others: Caesar, Plutarkhos, Florus and 
Cassius Dio Cocceianus (Brazil 2000). 

Ql Theodotos was later found wandering in Asia by Cassius and crucified by him (Brazil 2000). 
[11 Plutarch (the Greek biographer) describes the covering as a bedspread (Foreman 1999). 
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The Dicasterion, or Palace of Justice, was located at the north-east corner of the great intersection, adjacent to the Soma, and 
surrounded by groves (Marlowe 1971). 

Royal Palace 

Alexandria's palace 'system' covered the Promontory of Lochias. It was the seat of government as well as the royal residence. 
Each Ptolemy made additions to the palace. No one knows how far the palace buildings stretched inland, or along the shore, or 
of their architecture (Marlowe 1971). 

Inland, the Palace system connected with the Museum system. 
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Strabo describes the palace compound in 24 BC as laying southeast of the eastern harbour, and occupying from a fourth to a 
third of the city's total area. Within its precinct was a botanical garden, zoo and the Library and Museum. 

'The Palace was built of alabaster and polychrome marble (or marble veneer over brick); 'its furniture was inlaid with ivory, 
gold, and silver; its mosaics and rich rugs were famous' (MacKendrick 1962: 333). 

The Palace was opened to the public during the feast of Adonis. People flooded into the parks of the immense domain. Throwing 
open the palace was rare. 

Antirrhodos 
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Antirrhodos was an Island Palace, or Kiosk which rivalled the glories of Rhodes. It lay in the Great Harbour directly in front of 
the Theatre of Dionysus, and contained a small harbour. 

Royal Harbour 

The Royal Harbour was located within the Great Harbour, on the western side of Lochias promontory. 

Lochias 

The Lochias promontory projected from the eastern end of the Great Harbour, joining the eastern end of the Island of Pharos. 

Royal Gardens 
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The Royal Gardens occupied the waterfront and hinterland south and west of Lochias. There were several fountains in the 
gardens. 

Barracks 

The barracks housing the Royal Macedonian bodyguard were located at the base of the Lochias promontory, guarding the 
landward approach to the palace, and adjacent to the Royal Harbour. 

Theatre 
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The Theatre to Dionysus was situated on a hill overlooking the eastern Harbour, near the Palace. Its architecture was Greek 
(Forster 1982). 

·, •• ,······., .. ,\ ,• 

,.) .. · .. ,' 

' ,', . 

> 
;~i ' / 

It was erected by the early Ptolemies for theatrical performances. Julius Caesar used it as his command post during the 
Alexandrian War. 

Emporium {Bourse) 
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The Emporium was a market and gathering place for the people of Alexandria. It was located on the waterfront of the Great 
Harbour, and adjacent to the Royal Gardens, the Theatre and the Museum. 

Heptastadium 

The Heptastadium was a man-made land bridge (an aqueduct) seven stadia (1,400 
metres) in length. It separated Alexandria's two major harbours: the Great Harbour 
(east) and the Eunostos (west); and provided an accessway between the mainland 
and the Island of Pharos. 
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Paneium 

The Paneium, the sanctuary of Pan, was a rocky, man-made hill, made up of a series of artificial terraces. Its limestone summit 
was carved in the shape of a fir-cone and surmounted by a platform and belvedere reached by a spiral staircase. The hill was 
ascended by a spiral road. The whole city could be seen from its summit. 

The hill contained shrubs, waterfalls and pathways, and a grotto dedicated to the god Pan. It was located on the south side of 
the Canopic Way (Marlowe 1971: 63). 

Temples 

Temple of Arsinoe 
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The Temple of Arsinoe was erected by Ptolemy II in honour of Arsinoe, his deceased and deified wife and sister. The temple 
contained a gilded chapel with a six-foot high statue of Arsinoe in topaz (Marlowe 1971: 59). A 120 foot high obelisk stood at 
the seaward entrance to the temple. 

Temple of Bendis 

The Temple of Bendis was located next to (west of) the temple of Arsinoe. Bendis was a Phyrigian goddess. Two obelisks stood 
at the entrance to the temple (Marlowe 1971: 59). 
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STREETS 

Meson Pedion (or Canopic Way) 

The Meson Ped ion, or Canopic Way, was the principal street of the city of Alexandria. It ran from west to east for a distance of 
more than 3 miles. It was illuminated at night with oil lamps. 

Boulevard Argeus 

The Boulevard Argeus was a major street which ran southward from the Gate of the Moon at Lochias toward Lake Mareotis. 

Boulevard Serapis 

The Boulevard Serapis was a major street which ran southward from the Heptastadium toward Lake Mareotis. It was named 
after the god Serapis. 

The Street of the Soma 

The Street of the Soma was a second main arterial road. The place where it crossed the Meson Pedion was known as the 'central 
intersection'. Trees ran down the middle of the street. It was illuminated at night with oil lamps. 
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ALEXANDRIA IN EGYPT 48 BC 

ALEXANDRIA: KEY HISTORICAL EVENTS 

• ALEXANDER TO PTOLEMY XII 
o Ptolemy XII - overthrow and return to power 

• POMPEY 
• CAESAR & THE ALEXANDRIAN WAR 

o Caesar's pursuit of Pompey 
o Caesar's arri_val in Alexandris! 
o [llexandrian War 

• CLEOPATRA AND CAESAR 

ALEXANDER TO PTOLEMY XII 

Alexandria in Egypt was described by Homer in the Fourth Book of the Odyssey at least 2,800 years 
ago. It is the place where: a conqueror paused and considered it a goodly site for a great city; a 
dynasty of kings ruled for nearly 300 years from 323 BC to 30 BC; scholars gathered from all over the 
known world to teach, to learn, to dispute, to create the greatest library in the ancient world; and men 
of power sought funds from generous monarchs to enhance their power, and refuge (Brazil 2000). 

Alexander the Great arrived in Egypt in 332 BC. He sailed around Lake Mareotis and came ashore on 
the stretch of land between the Lake and the sea. It occurred to him that the position was favourable 
for founding a city, and that it would prosper. Nearby was a small Egyptian town called Rhakotis (Brazil 
2000). 

Plutarch and Appianos recorded Alexander's enthusiasm for this particular site and his eagerness to 
mark out a plan of the city. He did not have sufficient chalk to outline the foundations, so one of his 

builders collected flour from the soldiers and marked the lines with flour wherever Alexander led the way. Whilst absorbed in the 
task of demarcating his city, Plutarch informs us that an infinite number of great birds of several kinds, rising like a black cloud 
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out of the river and the lake devoured every morsel of the flour that had been used in setting out the lines (Brazil 2000). 

Alexander first took this to be an unfavourable omen. But soothsayers assured him that it was a sign that his new city would 
prosper in all things, and that it would be a provider of food for many nations (Brazil 2000). 

Ptolemy Soter went to the site of Alexandria to establish the city marked out by Alexander and to rule over Egypt. But 
Alexandria did not develop as an Egyptian city. Until invaded by Rome and other conquerors; it remained essentially Greek. 

The first two kings of the name Ptolemy, Ptolemy Soter and Ptolemy Philadelphus built an enormous city with the buildings 
Strabo saw three hundred years later, and created a centre of learning such as the ancient world had not seen. They created a 
Library which aimed to collect every publication in the Greek language and vast numbers of works in other languages as well 
(Brazil 2000). 

The long line of sovereigns, from Ptolemy Soter to Cleopatra VII, carried on the tradition of patronage for scholarship, book 
collection, science and the arts. They attracted scholars from all over the world, some to teach the royal children, some to 
catalogue and manage the library, others to research and write works of mathematics, geography, linguistic analysis, literature 
and to a lesser extent philosophy and rhetoric. 

Ptolemy XII - overthrow and return to power 

After a palace coup during the fifties BC a number of Romans became involved in assisting or promising to assist Ptolemy XII 
Auletes to regain his kingdom. 

In 59 Ptolemy XII promised or actually paid 6,000 talents to Pompey and Julius Caesar in return for recognition by Rome of his 
rights to the sovereignty of Egypt (Brazil 2000). 

In 58 BC Ptolemy XII was deposed by the Alexandrians. He went to Rome to seek assistance for his restoration and specifically 
asked for Pompey to lead whatever forces were needed to achieve his request. The Roman Senate resisted Ptolemy's proposal. 

Ptolemy XII next sought the help of Aulus Gabinius, the Roman governor of Syria, and paid him 10,000 talents to regain his 
kingdom. In 55 BC Gabinius brought his troops into Alexandria and restored Ptolemy to power. Ptolemy was grateful, but Rome 
was not. Gabinius was banished by the Roman Senate for invading Egypt without its authority and for undertaking a war 
forbidden by the Sibylline books (Brazil 2000). 

To ensure that the kingdom of Egypt was divided between his eldest daughter Cleopatra VII, and his eldest son Ptolemy XIII -
whom Cleopatra must marry according to Ptolemaic dynastic law - Ptolemy XII prepared a will invoking the assistance of Rome. 
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Ptolemy XII died in 51 BC. Cleopatra was eighteen years old, and Ptolemy XIII, ten. The marriage left Cleopatra perfectly free to 
rule as she chose. She became Cleopatra VII, '"mistress of the two lands," that is, reigning over Upper and Lower 
Egypt' (Flamarion 1997: 31). Ptolemy XIII, however, seized the kingdom - a usurpation tolerated by Rome, but not formally 
recognized. 

POMPEY 

In Rome, Pompey was more popular than Caesar with both the Senate and the people. Most of the Senate and Pompey feared 
Caesar's ambition and growing power (Foreman 1999: 82). At the direction of the Senate, Pompey's forces engaged with 
Caesar's. At Pharsalos on the 9th August 48 BC, Pompey's forces lost to Caesar's and were driven out of Italy (Foreman 1999: 
82). 

Pompey fled to Larissa, and from there to the sea where he embarked in a small boat. He met a ship by chance which took him 
on to Mitylene where he joined his wife, Cornelia, and they embarked with four triremes which had come to him from Rhodos 
and Turos (Brazil 2000). 

He next set sail for Egypt, which was nearby and was still a great kingdom, prosperous and powerful in ships, provisions and 
money (Brazil 2000). 

Cleopatra was collecting an army in Syria. Ptolemy XIII was near Pelusium awaiting her invasion. Pompey sailed to Pelusium 
and stopped when he saw a large army on the shore. He sent a message to the King (Ptolemy XIII) to tell of his arrival and to 
remind him of his friendship with Ptolemy XII (Brazil 2000). 

Ptolemy XIII, then aged 13, took counsel with his senior advisors Achillas, Pothinos and The.odotos. Theodotos suggested that 
they should lay a trap for Pompey and kill him in order to gain favour with Caesar. His suggestion was adopted. 

A small skiff was sent to bring Pompey ashore. Among the King's attendants who came in the skiff was a Roman, Sempronius 
[ZJ who had previously served under Pompey. At the same time, the whole Egyptian army lined the shore as though to honour 
Pompey. The King was conspicuous in the midst of them by his purple robe. Pompey was suspicious. 

The Roman gave his hand to Pompey in the name of the King and directed him to take passage in the boat to meet the young 
monarch in friendship on the shore. Cornelia stayed on board the trireme. No-one in the boat spoke. The Roman moved behind 
Pompey to give him the first stab, and then others in the boat stabbed him. Cornelia and her friends set sail swiftly to avert 
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further danger to themselves. They could not save Pompey (Brazil 2000). 

The conspirators took Pompey's head to Alexandria as a trophy for Caesar and in expectation of a large reward. Pompey's body 
was stripped, dumped naked and later buried on the shore near Pelusium. 

~~~~~~~~~~~~~~~~~~~~ 

CAESAR & THE ALEXANDRIAN WAR 

Caesar's pursuit of Pompey 

Caesar sailed to Rhodos as soon as he learned that Pompey was making for Egypt after the Battle of 
Pharsalos. Caesar's army was following behind, but he did not wait for it, instead embarking with the 
troops he had on the triremes of Cassius and a Rhodian. He was in a hurry to catch up with Pompey to 
prevent him from occupying Egypt and building up sufficient resources to regain power. Caesar let 
nobody else know of his destination (Brazil 2000). 

In August 48 BC, Caesar arrived in Alexandria four days after Pompey's murder. He arrived with 10 
warships, 3200 infantry and 800 cavalry. 

Upon seeing Pompey's head, Caesar is said to have displayed real or feigned distress. He wept bitterly 
at the sight of the head, called Pompey fellow countryman and son-in-law, and recounted happier times 
they had spent together. He reproached the murderers and commanded that the head should be 
adorned, properly prepared and buried (Brazil 2000). 

Cassius Dio Cocceianus, a Roman historian, recounts Caesar had always hated Pompey. He alleges Caesar brought on the war 
with Pompey with the purpose of securing Pompey's destruction, and his own supremacy; and that Caesar had hurried to Egypt 
to overthrow Pompey (Brazil 2000). 

Caesar's arrival in Alexandria 

Caesar incurred the wrath of Ptolemy XIII's palace royal guard when he disembarked in Alexandria and his soldiers marched in 
front of him carrying fasces - the symbol of his office. This city's citizens were angered (Foreman 1999). Caesar escaped into 
the palace (Brazil 2000). For several days afterwards there were riots wherever there were crowds, and several Roman soldiers 
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were killed. 

For the moment, Caesar pretended to be on holiday, receiving visitors, listening to lectures in the Exedra and seeing the sights 
of the city. Cleopatra and Caesar occupied the royal palace with Ptolemy XIII held more as a hostage than king (Flamarion 
1997). 

At the end of October 48 BC, about two and one-half months after arriving in Alexandria, tensions in Alexandria rose. Caesar 
learned that Ptolemy's army of 20,000 infantry and 2,000 cavalry, headed by Achillas was secretly ordered back from Egypt's 
eastern border by Pothinus, and was marching toward the capital (Foreman 1999; Flamarion 1997). The force outnumbered 
Caesar's five to one, and the citizens of Alexandria could be expected to rise in support of Ptolemy once Achillas' army reached 
the city (Foreman 1999). 

As soon as Caesar's army arrived by sea, he had Pothinos executed for his part in Pompey's murder and the conspiracy. 
Theodotos escaped ill (Brazil 2000). · 

Alexandrian War 

The Alexandrians rebelled against Caesar for his unauthorized acts upon their own people. From August 48 BC to January 47 BC 
the Alexandrian War ensued. It consisted of five stages: siege of the Palace, first naval engagement, second naval engagement, 
Battle of the Dyke, and Battle of the Nile (Forster 1982: 26). 

Achillas attacked the royal compound in late November. To cut off Caesar from supplies and reinforcements by sea, he tried to 
seize the seventy-two royal Egyptian ships in Alexandria's harbour. Caesar had these and fifty of his triremes burnt to keep 
them out of Achillas' hands. But the fire spread to the docks and destroyed a warehouse containing scrolls bound for, or 
returning from, the great Library (Foreman 1999; Flamarion, 1997). 

Arsinoe, with her chief advisor Ganymedes, fled to Achillas. For her display of defiance, Alexandrians hailed her as the true 
Queen (Foreman 1999). Achillas and Ganymede squabbled, and Achillas was put to death by Ganymedes. Ganymedes proved a 
more crafty and capable general than Achillas. The fighting went on day after day with neither side gaining any significant 
advantage (Foreman 1999). When released from house arrest, Ptolemy XIII fled and joined Achillas (Flamarion 1997: 45). His 
presence challenged Ganymedes' control over the army. 

During the war, Caesar had several narrow escapes. There was a famous swim in which he lost his cloak which was weighing 
him down, and saved the papers he was carrying, and kept them dry by holding them up high in his left hand as he swam. The 
Alexandrians hung his cloak as a trophy to commemorate their victory in this route (Brazil 2000). 

There was also the famous fire which destroyed docks, storehouses of grain and other buildings. Caesar burned all the vessels in 
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the harbour because he could not protect so wide an area with his small number of troops. The fire, which spread to the 
warehouses and cargo on the wharves, would most certainly have engulfed bales of books (Brazil 2000). 

Cocceianus says that the Great Library was burned. Gellius estimated approximately 700,000 books were accidentally burned by 
the auxiliary soldiers in 48 BC. It is generally believed, however, that only a part of the Library's holdings were burned (Brazil 
2000). 

Caesar won the Alexandrian War after nine months of fighting. He fought the last battle against Ptolemy XIII on the banks of 
the Nile, putting Ptolemy's Egyptians to flight - pressing them toward the Nile where they drowned in the hundreds. The young 
Pharaoh, clad in a golden breastplate, was among them. Caesar brought the breastplate back to Alexandria in triumph and as 
evidence for Alexandrians of the young King's death (Flamarion 1997: 45). Caesar won a decisive victory. 

~~~~~~~~~~~~~~~~~~~~ 

CLEOPATRA AND CAESAR 

Cleopatra met Caesar in Alexandria shortly after Pompey's death became known to Caesar. She had sent word to Caesar whilst 
in exile and asked to be allowed to plead her case for sovereignty in person. Permission was granted and she entered the city by 
night, without Ptolemy XIIl's knowledge, and went into Caesar's quarters in t.he palace. 

Plutarch£~. writes of Cleopatra's arrival in a bedroll. He says that she came to Alexandria in a small boat with one attendant, 
Apollodoros of Sicily, and landed near the palace at dusk. To get into the palace unnoticed she lay inside a bedroll. Apollodoros 
tied it up and carried it on his back to Caesar's apartment. 

Cocceianus described Cleopatra as a woman of surpassing beauty, possessing a delightful voice, and as using the full force of 
her feminine charm to cast a spell upon everyone she met. Caesar succumbed to her charms and before dawn he sent for 
Ptolemy and attempted to reconcile he and Cleopatra. But Ptolemy was outraged at the sight of his sister in the palace, and 
when negotiations failed, Civil war erupted. 

At the end of the Alexandrian War, Caesar established Cleopatra and her other brother Ptolemy XIV as joint sovereigns of Egypt. 
His view was that is was safer to preserve Egypt as a kingdom than turn it into a Roman province, Sovereigns who were 
beholden to him personally would be easier to manage than a headstrong governor (Brazil 2000). 

Caesar was reluctant to make Cleopatra sole ruler for two reasons: Alexandrians might rebel again under a woman alone as 

http://www.canberra.edu.au/testing/alexandria/a1ex48history.html 



sovereign; and Romans might be angry with his establishment of a woman as the sole sovereign of Egypt. He ordered Cleopatra 
to marry her brother and nominally consigned the kingdom to them both. Since Cleopatra's husband was still a child, she ruled 
Egypt alone - whilst spending her time in Caesar's company (Brazil 2000). 

Caesar was in no hurry to depart from Alexandria. There was much to enjoy in the city now that the war was over. Clepopatra 
and Caesar went on a sight-seeing trip up the Nile before Caesar returned to Rome (Forster 1982). 

G.J 'Sempronius' according to the Roman historian, Appianos or 'Septimus' according to others: Caesar, Plutarkhos, Florus and 
Cassius Dio Cocceianus (Brazil 2000). 

Ql Theodotos was later found wandering in Asia by Cassius and crucified by him (Brazil 2000). 
[11 Plutarch (the Greek biographer) describes the covering as a bedspread (Foreman 1999). 
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Appendix D-1 

Experiment Results and Findings: 
Chapter 6 

Figure D.1: Distribution of ages 

45 
40 
35 
30 

• 25 
[ 20 

15 
10 

5 

0 

AGE 

22-27 {n=42) 28-33 (n=32) 34-39 (n=21) 

sub-groups (age ranges) 

n=95 

The age range and mean age of media users was comparable across the three learning 
media and therefore consistent across the study sample. Table D-1 refers. 

Table D-1: Age 

Age range (years) 
Mean age (years) 

Table D-2: Fitness to participate 

General Health 
at time of experiment (range) 

• average to excellent 

• below avera e 
Receiving medical treatment 

Taking medication for medical 
conditions 

Gl* 
22-39 
29.32 

*n=31 
** n = 95 

30 
1 

2 

G2 G3 Ss** 
22-38 22-39 22-39 
28.34 29.03 29 

30 30 90 
1 1 3 

5 1 6 

5 4 11 

2 



Table D-3: Medical conditions 

Condition 
Claustrophobia 
Freauent mi""aine headaches 
Heart condition 
Blood pressure 
Travel sickness 
Respiratorv condition 
Vision/ sie:ht impairment 

Table D-4: Languages spoken/read/written 

English as Second 
Lan ua e 

Gl 
0 
1 
0 
1 
5 
3 
6 

f- 16 

Gl 

* two equally first languages. 

Table D-5: Self-directed learning 

Gl G2 
Highly self directed 19 21 

Having undertaken some form of 
self-directed learning: in the past 12 11 
Aware of, but has not undertaken 
self-directed learnine: before 1 0 

Table D-6: SDLRS-A scores 

SDLRS-A score Gl G2 
Mean 234.06 229.09 
Median 234 226 
Mode 247 245 

Hi hest score 286 270 
Lowest score 183 178 
Score ran e 103 92 

Appendix D 

G2 G3 Ss 
1 0 1 
3 0 4 
1 0 1 
1 0 2 
4 3 12 
12 8 23 
5 9 20 

27 20 63 

G2 

2 16 

G3 Ss 
21 61 

11 34 

0 1 

G3 Ss 
232.97 232.58 

235 232 
212/235/ 
253/256 

277 286 
191 178 
86 108 
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Table D-7: Motivation toward learning 

Gl G2 G3 Ss 
High (actively seek out 18 18 18 54 
opportunities to learn) 
Medium (welcome learning 13 13 14 40 
opportunities that arise) 
Low ( will learn formally only 1 1 0 2 
things that must be learned) 

Table D-8: Motivation to learn about Alexandria 

Gl G2 G3 Ss 
High 5 3 2 10 

Medium 25 27 29 81 

Low 2 2 1 5 
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Table D-9: Participants' reasons for wanting to participate in the Study/ experiment 

Reason 
Interested: 

• 

• 

• in the te 

• in education 
• to participate in ex eriment/ research 
Learning: 
• learn about research/ desi 

• 
• ic 

Other: 
Relevant to field of em lo ment 
He! research/ the researcher 
Other 

Table D-10: Learning preferences 

Preference Mode 
Multimodal VARK/VARK (-) 

Single Visual 
Aural 
Read/Writino: 
Kinesthetic 

Gl 
24 
-

-
3 
5 

2 2 

G2 G3 Ss 
21 19 64 

1 - 1 
1 2 3 11=32 

2 2 7 
7 9 21 
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Table D-11: Multimodal learners' preferences 

Multimodal learning preferences n= 

YARK 52 
VAK 3 
VRK 2 
ARK 3 
AR 1 
RK 3 

t= 64 

Table D-12: Experience with assigned learning media 

Response Cl C2 C3 Ss 

Yes 32 29 14 75 

No 0 3 18 21 

Table D-13: .Most Preferred medium/ media 

MediatvPe Media preference Cl C2 C3 Ss 
Single Book 9 12 7 28 

Internet 1 1 1 3 

Lecture/ direction 1 1 - 2 
VR 1 1 - 2 
Subiect expert 1 - - 1 
Multimedia - 1 - 1 
Interaction - - 1 1 

Multiple Electronic 2 2 3 7 
Non-electronic 3 2 1 6 
Electronic and non-electronic 3 5 5 13 

Sensory Visual - - - 0 
Aural - - - 0 
Readine: - 1 - 1 
Kinesthetic 2 2 2 6 
Multisensory 2 - 4 6 
Discussine: - - 1 1 

Other Combination of sensory and media 4 2 - 6 
Conditional choice 3 2 7 12 

t = ~ 96 
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Table D-14: Particular infonnation sought through the experience 

Response Gl G2 G3 Ss 

Yes 8 15 11 34 

No 24 17 21 62 

Table D-15: Information types sought 

Information types Gl G2 G3 Ss 
Knowledge of the topic 1 8 6 15 
Self knowledge/ development 1 3 - 4 
Research desi= 4 2 2 8 
Learning stvle 2 3 3 8 

Table D-16: Participants' learning needs 

Group 1 - Book learners Group 2 - Internet learners Group 3 - VR learners 

• to be constantly • interest in Egypt and • I feel it is something of 
stimulating my faculties. culture. interest to me; if I did not 

• to assimilate knowledge. • Egypt is a mysterious learn or endeavour to 

• so I can learn more . country to me, including learn about things of 

• interest (in) Alexandria history, museum, custom interest I would be lazy. 

mainly pertaining to etc. 
Geometrical experiment. • because it is one of my 

• the Greek impact. geographical region in 
Africa. 

• I enjoyed most of the 
year 2000 in Egypt and 
am looking forward to 
returning. 

Table D-17: The topic's relevance to participants' learning need 

Gl G2 G3 Ss 
Highly relevant 3 1 0 4 

Moderately relevant 4 3 6 13 

Relevant 3 3 3 9 

Some relevance 14 16 12 42 

No relevance 8 9 11 28 
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Table D-18: Application of Learning 

Gl G2 G3 Ss 

Increase existin" store of know ledge 4 4 6 14 
Better understand modern Egypt - 1 - 1 
Discussion of topic with peers 6 10 3 19 

Teach others 2 - 1 3 
Use in a computer game 1 - 1 2 
Web design interests - 1 - 1 
None planned 1 4 3 8 

General knowledge 7 2 15 24 

Personal interest 1 4 2 7 

Travel 1 - - 1 

Other 4 3 1 8 

Table D-19: Pre-knowledge 

Pre-knowledge n= 

None 24 
Some 54 
Basic 2 
more than basic 1 
Fair 1 
Medium 2 
more than avera!!e 1 

Table D-20: Pre-knowledge scores 

Sub-Topic Gl G2 G3 Ss 

1. Natural features 12 7 15 34 

2. Royal Quarter 0 0 3 3 

4. Alexandrian Structures: names 20 8 27 55 

5. Alexandrian Structures: significance 12 8 23 43 

6. Alexandrian Structures: artefacts & characteristics 8 2 9 19 

7. Prominent people 56 26 68 150 

8. City's design around natural features 6 3 7 16 

9. Fauna 10 0 2 12 

10. Population: culture 11 1 9 21 

11.Economy 2 1 1 4 

12. Scholarship 11 10 28 49 

13. Historical events 5 6 12 23 

t= 153 72 204 429 
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Table D-21: Sources of pre-Knowledge of Alexandria 

Source Gl G2 G3 Ss 

Books 15 11 17 43 

School 9 11 3 23 

College 1 0 2 3 
University 2 0 1 3 

Discussion with oeers 3 8 8 19 
TV Documentaries 17 14 17 48 

Other 7 8 8 23 

Table D-22: Other sources of knowledge 

Source Gl G2 G3 Ss 

Movies 2 2 1 5 
Internet/WWW 2 2 4 
Radio 2 2 
PC game 1 1 2 
visiting Egyot. 1 1 2 
magazine articles on E!!Vot. 1 1 
novels, Asterix comic 1 1 
parent's knowledge of facts related 1 
wandering through the British Museum and the Louvre 1 1 
ancient wargames with fi=res, Bible oronhecv 1 1 

'other' sources of participants knowledge: f = 20 

Table D-23: Age 

Age Diverger Assimilator Converger Accommodat 
or 

Age range (years) 23-38 22-37 23-39 22-38 

Mean age (years) 29.8 29.4 31.4 28.4 
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Table D-24: Fitness to participate 

Health 

General Health 
at time of experiment 
(range) 

Taking medication for 
medical conditions 
Receiving medical 
treatment 

Table D-25: Medical conditions 

Condition 

Travel sickness 

Respiratory condition 

Vision/ sight impairment 

Table D-26: English Language 

Language 

En lish 

English as Second 
Lan a e 

Status 

average to 
excellent 

below average 

Diver 
ger 

-

1 

1 

f= 2 

Table D-27: Self-directedness in learning 

Diver 
ger 

Highly self directed 6 

Having undertaken some form of 
self-directed learnine: in the vast 2 

Appendix D 

Diver Assi Conv Acco 
ger milat erger mmo 

or dator 
8 7 8 7 

1 

0 2 1 1 

0 1 0 0 

Assi Conv Acco 
milat erger mmo 

or dator 

1 1 1 

3 2 2 

4 2 2 

8 5 5 

Diver Assi Conv Acco 
ger milat erger mmo 

or dator 

1 

Assi Conv Acco 
milat erger mmo 

or dator 

3 6 6 

5 2 2 
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Table D-28: Self-directedness learning .readiness scale result5 

SDLRS-A score Diver Assi Conv Acco 
ger milat erger* mmo 

or dator 

Mean 231.5 230.9 237 233 

Median 249 235 248 235 

Highest score 265 256 259 277 

Lowest score 191 197 201 192 

Score range 74 59 58 85 

*n= 7 

Table D-29: Motivation toward Learning 

Diver Assi Conv Acco 
ger milat erger mmo 

or dator 

High (actively seek out opportunities 4 3 5 6 

to learn) 
Medium (welcome learning 4 5 3 2 
opportunities that arise) 

Table D-30: Motivation to learn about Alexandria 

Diver Assi Conv Acco 
ger milat erger mmo 

or dator 

High 1 0 1 0 

Medium 7 8 6 8 

Low 0 0 1 0 
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Table D-31: Reasons for wanting to participate in the study/ experiment 

Reason Diver Assi Conv Acco 
ger milat erger 

Interest 

• General 2 2 2 1 

• in the study 1 

• in the topic/ topic area 1 1 1 

• in the research 1 1 

• in the technology 1 1 

• in on-line learning/learning technology 1 

• to artici ate in ex eriment/ research 
Learning 

• Learn about the topic 

• Learn about learning/ study habits 

• Learnin s le 
Curiosity 

• general 

• about the stud /research 
Other 

• Relevant to field of employment 1 

• Help research/ the researcher 1 1 

• Other 2 

Table D-32: Learning preferences 

Preference Mode Diver Assi Conv Acco 
ger milat erger mmo 

or dator 

Multimodal VARK/VARK(-) 8 4 4 3 

Single Visual - - - -
Aural - 1 - 1 
Read/Writin" - 1 1 -

Kinesthetic - 2 3 4 

Table D-33: Experience with a VR technology 

Response Diver Assi Conv Acco 
ger rnilat erger mmo 

or dator 
Yes (n=14) 1 2 6 5 

No (n=18) 7 6 2 3 
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Table D-34: Most preferred Learning media 

Media type Media/learning preference Diver Assi Conv Acco 
ger milat erger mmo 

or dator 

Single Book 8 9 6 5 

Internet - 2 - 1 

Lecture/ direction - - 2 -
VR 2 - - -

Subiect expert - - - 1 

Multimedia - - - 1 

Interaction - - 1 -

Multiple Electronic - - 4 3 
Non-electronic 1 1 1 3 
Electronic and non-electronic 6 1 2 4 

Sensory Reading 1 - - -
Kinesthetic - 1 2 3 

Multisensorv 2 2 2 -

Discussing - 1 - -

Other Combination sensory and 2 3 - 1 
media 
Conditional choice 2 4 4 2 

Table D-35: Particular Information sought through the experience 

Response Diver Assi Conv Acco 
ger milat erger mmo 

or dator 

Yes 3 1 4 3 

No 5 7 4 5 

Table D-36: Information types sought 

Information types Diver Assi Conv Acco 
ger milat erger mmo 

or dator 

Knowledge of the topic - 1 4 2 

Self knowledge/ development 2 - - 1 

Research design - - - 1 
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Table D-37: Relevance to learners' needs 

Diver Assi Conv Acco 
ger milat erger mmo 

or dator 

Moderately relevant 0 1 2 3 

Relevant 3 0 0 0 

Some relevance 2 5 3 2 

No relevance 3 2 3 3 

Table D-38: Application of learning 

Diver Assi Conv Acco 
ger milat erger mmo 

or dator 

Increase existin,r store of knowledge - - 1 1 
Discussion of topic with peers - 1 2 -
Teach others - - - 1 

Online 2:amin,r et al 1 - - -
None planned 1 1 1 1 
General knowled,re 7 5 3 4 

Not known 1 - - -

Personal interest - 1 1 1 

Table D-39: Pre-knowledge 

Pre-knowledge Diver Assi Conv Acco 
ger milat erger mmo 

or dator 

None 8 3 2 8 

Some 8 17 13 11 

Basic 4 3 8 5 

More than basic 2 0 0 0 

Fair 0 1 0 0 

Medium 1 0 0 0 

More than avera<re 1 0 1 0 

14 



Appendix D 

Table D-40: Pre- knowledge scores 

Sub-Topic Diver Assi Conv Acco 

1. Natural features 
2. Royal Quarter 
4. Alexandrian Structures: names 
5. Alexandrian Structures: significance 
6. Alexandrian Structures: artefacts & characteristics 
7. Prominent people 
8. City's design around natural features 
9. Fauna 
10. Population: culture 
11. Economy 
12. Scholarship 
13. Historical events 

Total= 

Table D-41: Sources of pre-Knowledge 

Sources Diver Assi 
ger milat 

or 
Books 5 3 
School 0 0 
College 1 0 
University 0 1 
Discussion with peers 3 2 
TV Documentaries 7 5 
Other 2 2 

f= 18 13 

The' other' sources of pre-knowledge reported were: 

• magazine articles on Egypt. 
• Internet 
• radio 
• radio program, movies 
• wandering through the British Museum and the Louvre 
• travel to Egvpt. 

ger 

2 
0 
5 
4 
0 
9 
2 
0 
0 
0 
7 
1 
30 

milat erger 
or 
4 6 

2 0 
8 12 
8 9 
4 4 
26 27 
2 3 
0 2 
1 7 
0 1 
8 9 
4 6 
67 86 

Conv Acco 
erger mmo 

dator 

6 3 
2 1 
1 0 

0 0 
3 0 
3 2 
3 1 
18 7 

E69 
E70, E77 

E73 
E86 
E82 
E93 

mmo 
dator 

3 
1 
2 
2 

1 
6 
0 
0 
1 
0 
4 
1 
21 
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Table D-42: Preferred media 

Media type Media preference Gl G2 G3 

Single Book 9 12 7 

Internet 1 1 1 

Lecture/ direction 1 1 -

VR 1 1 -
Subiect expert 1 - -
Multimedia - 1 -
Interaction - - 1 

Multiple Electronic 2 2 3 
Non-electronic 3 2 1 

Electronic and non-electronic 3 5 5 

Sensory Readine: - 1 -

Kinesthetic 2 2 2 

Multisensorv 2 - 4 

Discussine: - - 1 

Other Combination sensorv and media 4 2 -
Conditional choice 3 2 7 
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Table D-43: Perceptions of the assigned medium 

Grouo 1 - Book learners Group 2 - Internet learners Grouo 3 - VR learners 

• The freedom to move • More comfortable than • I didn't like not being able 

around. books. to get to more (triggers) 

• Depends on what I need to • Interactive, and that makes than I did ... walking too 

do whatever needs to be it refreshing. much. 

done. • The mobility (navigation) of • as a second source. 

• I'm a note taker and it. • You are too dedicated to the 

marking/ referencing the • Something intangible about medium ie reading a book 

text. it. you can look around/ away, 

• Can it help me learn. Is it • Efficiency in reaching but not in this. 

interesting. information fast is • I would like to look at the 

• portable, requires important . words as well as hear them. 

concentration and requires a • Like to learn by myself a lot • I like the feeling that you 
particular environment ( eg and this is suitable. are there. You know there is 
a quiet place). • Discomfort in eyes if using marshes etc cause you hear 

• The feel, having information it for a long time - fatigue them. 

close at hand and in front of • Can look over quickly. • its under your own control. 
me. Ordered. • Quite convenient and Learning at your own pace. 

• Don't need to 11find 11 a portability- to study off- • I would need more time 
computer, but know what is site. than allowed. The 
in it, unlike a computer. A • Easy to get overwhelmed possibilities are good. 
more secure feeling. with what is there when • Need to get familiar with 

• Broken up into large chunks starting a new topic . the technology. 
is easy to manage. • The choice ... people having • Gets you involved in the 

• Portable, quick to turn to that and this encourages feeling like you're in the city 
another item when want to. choice! .. . but possible 

• Do find reading tiring. • Enjoy it because it lets me disorientation of 11where am 

• Like instant facts and explore what I want to I?" 

knowledge. explore. • interesting to actually go 

• It made me feel I was there. • I find it easy to use and I'm around the place - to see the 

I would have liked an familiar with it. people and buildings. 

index. • Not physically interacting (Interacted with Welcome 

• I'm by myself and I can look with it. and Scholar figures). 

and think and be in my own • a time-consuming way of 

little world thinking about finding the same 

it. It's not very interactive information that can be read 

with people. from a book. 

• It was physical. • Freedom to explore. Spatial 
relationship from physically 
walking through very much 
compelling. 

• Liked the experience factor, 
can learn what I want. Gave 
sense of environment as 
well as topic. 

• Like it as a way of getting 
an experience such as this 
does but can give a false 
visual impression. 

• An entertaining experience 
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and think it's an important 
part of learning . 

• .. . a 'ghosttown feeling' 
was weird. 

• Could tour AND listen and 
increase the amount of 
information being taken in 
BUT could also be 
distracting. 

• Enjoyment and like to use it 
again. Allows you to feel 
you are moving. With 
movement, sound and 
visual. 

• Unfamiliar to 
manoeuvering - unlike 2D 
n1oven1ent. 

• Felt a little closed in. More 
familiarity preferred. Liked 
being there and feeling I 
was there. 

• I really liked it because it 
can give you n impression 
of the city you can't get 
through using a LOT of 
other materials, but not a 
1dump 1

• 

• Flexibility (unlike a web); 
no sequencing (liked). 

• It's fun! 

• It helped create a more 
evocative environment, 
more interesting and more 
inh·insic because of that. 
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Table D-44: Perceptions of the learning medium design 

Group 1 - Book learners Group 2 - Internet learners Grouo 3 - VR learners 

• No duress. No right or • enjoyable - not difficult to • Found Adult Learning does 
wrong as distinct from learn from it. work for me. 
punishment. At your • Equipment good .... not • I would be hesitant about 
leisure. strenuous. giving adults too much 

• Well set out and structured. • I wish there were more latitude to learn through 

• Everything was more than information: stories, detail, self-direction eg like a 
the minimum I expected. human element, names. supermarket ... having the 

• I did enjoy it • All ok - all a new experience abilif:tJ to make those 

• OK with SDL approach and for me. decisions. 

forms - more pictures • The learning strategy was • I like it as a concept. 
would be more interesting. most important for deciding • Well thought out, 

• SDLis good . what information is interesting and effective. 

• Very friendly. important and accurate. • It's got everything you 
Understandable • Really very good, especially need. 
communication. the forms vis question self. • Thought the self-

• the material very 'facty' and • Fascinating. Would have directedness a good idea. 
that reduced the pleasure in liked more information on • Knowing where to go ... a 
the learning. the underlying bit involved. 

• Like the way of being left requirements! • Excellent. Frush·ation at 
alone to do it (ie learn). • Satisfied. having to come out (ofVR) 

• Book a bit like an • Equipment was all right. with a huge amount still to 
Encyclopaedia. Could have been more see. Very rich and satisfying 

• Was good; being left, no information. Hot links environment. 

stress, freedom. · would have been good to • Got a feel for the VR. 

• I think it really depends on link to major galleries, Wanted to stay stationary -

what you're studying ... museums, etc. otherwise instinctual movements 

Don't retain the facts if not very good. conflicted with the HMD 

interested. • it was targeted well. technology. Got an 

• I enjoyed reading. • A bit more interactive opportunity to shut out the 

• Information was good. I would help. Information outside world; felt like I was 

prefer structure. It didn't was readable, but not basic really in it. 

have a structure that I or boring. • A fascinating experience. 

recognise. All of it was • Direction would help in • Liked being able to select 

good. Needed more time to knowing the best timing to trigger object and move on. 

go through it all. start with. • Overall it was a positive 

• Contents page not liked - experience . 
looked cluttered. Found it • was very self-directed . 
very comfortable, very easy. Could go anywhere and 

• ff for assessment, the click on whatever you 
learning strategy would wanted to learn about. 
have been different for me. • I think the self-directed part 

• Good that it was sequential is very important. User-
vis environment and steps friendly. Idea is sound. 
within the process. • I think it's OK. Self-directed 

• Could be more effective if learning is not something I 
the PC was more would want an entire 
interactive. course based on. I would 

• Adult learning OK. want some direction. 
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Table D-45: Perceptions of the research process 

Grouo 1 - Book learners Group 2 - Internet learners Grouo 3 - VR ]earners 

• Quite interesting. • An interesting experience . • reinforces my learning. 

• Great. It teases out a lot of • Not as stressful as I thought. • Not unduly influenced by 
good information. It is Just nice. the researcher. 
achieving its goals. • Good communication by • Interested, exciting, actively 

• Everything explained up researcher, going through participating. Good. As if 
front. key points, reassured me, my experience were valued. 

• For a while thought I might pointing to process key • Embryonic with the 
get tired from doing it. points. technology. 

• I thought it was conducted • Friendly, congenial • As a learning experience -
comfortably and good. Felt atmosphere. Not wanted to delve into it in 
relaxed and at ease. intimidated. Able to take much more than I did. Felt 

• Good environment breaks and have water, held back by the 

provided. knowing what was expected technology. Felt it was 

• Positive . and guided, helped me feel passive - all set up for me -

• Worthwhile and interesting comfortable. eg clicked on an audio file, 

and worth the time. • it was interesting and interacted at a surface but 

• comfortable . carried out in a logical way. not deep level. 

• interesting from the subject It had a front, a middle and • Very well planned out. 

material (Alexandria) and an end. Interesting subject matter. 

the rationale behind the • Excited. Realising the • Good experience and 

study. implications for community enjoyed wandering through 

• good, enlightening and education. Alexandria. 

makes me think more about • Very interesting and good • Worthwhile. Not 

myself and how you learn. process. threatening or 

• Didn't really have a goal • it showed me a weakness in overwhelming. 

when reading the book. If my learning and what I • If post-test known, would 

I'd known there was a post- have to do to improve it. have aimed to learn more. 

questionnaire, I would have Feel responsible for what I • Very, very carefully and 

learned it to answer the expressed. well thought out. 

questionnaire. • Found it a fascinating • Good to be a part of 

• I felt like I was to do a test. experience and a very open something pioneering. 

That's just the way I am. one. • The VR content may be 

• I thought it was quite good. • Interesting methodology. handicapped by system 

Glad I did it. • The questionnaires limitations as presented. 
reminded me of personality • liked time spent on 
tests, although they're not. explaining the research. 

• Just like a normal day. • Enjoyed it. Learning 

• Very interesting and something new and getting 
interested in how to use it to so much out of it, and of 
improve your own learning learning styles. 
and studies. • an interesting project and 

• Very comfortable. Very easy experience for me . 
environment to conduct it, 
be part of. 

• It was fun to know about 
Alexandria and how the 
study/ survey was 
conducted. 

• Very enjoyable and I learnt 
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about the city and learning 
and has prompted further 
thoughts about learning. 

• It was interesting and seems 
well organised and well 
thought out. 

Table D-46: Participants' views of the conduct of their learning experience: applied 
principles of adult learning 

Gl G2 G3 

Item 
Principle/sub-principle 

2.0 Self-concept 
2.1 • being responsible? 
2.2 • treatment? 
2.3 
3.0 Experience 
3.1 • entry experience? 
3.2 • tapping into experience? 
3.3 • closing your mind? 
3.4 • devalued or i ored? 
6.0 Motivation 
6.1 • external motivators? 24 7 1 21 9 2 28 3 1 
6.2 • internal motivators? 29 2 1 32 0 0 31 1 0 
6.3 if 'NO' ... blocked? 0 6 26 0 9 23 1 3 28 

Table D-47: Assignment to preferred learning medium 

Response Gl G2 G3 

Yes 20 15 10 

No 5 14 17 
Conditional 5 2 3 
Non-committal 2 1 2 
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Table D-48: Participants' likes and dislikes of their learning media 

Group 1 - Book learners 
• freedom to move around. 
• quick to turn to another item when want to. 
• will read over again & again. 
• I'm a note taker and marking/ referencing the text. 
• secure feeling. 
• made me feel I was there. 
• Portable 
• colour. 
• reading (is) tiring. 
• It's not very interactive with people. 
• Didn't like the pictures - would prefer an artistic impression. 
• Depends on what I need to do whatever needs to be done. 
• Depends on the situation & purpose. 
• requires a particular environment (eg a quiet place). 
• Can it help me learn. 

Group 2 - Internet learners 
• More comfortable than books. 
• Interactive, and that makes it refreshing. 
• Flexible. 
• Liked this module layout - everything easy to find. 
• mobility (navigation) 
• colour and electronic searches. 
• Enjoy it because it lets me explore what I want to explore. 
• this encourages choice! 
• Like to learn by myself a lot and this is suitable. 
• Like being able to access information quickly and this did this. 
• I find it easy to use. 
• Can look over quickly. 
• portability - to study off-site. 
• I like to print things out to hold. 
• I enjoy using the Internet. 
• It can have colour, easy to move around and revisit information and remember 

where information was (a visual reference and controls to do that) and random 
access. 

• Audio would help the learning 
• Easy to get overwhelmed with what is there when starting a new topic. 
• Not physically interacting with it. 
• Slow in getting to an individual point (ie system speed.) 
• Discomfort in eyes if using it for a long time - fatigue 
• Hard to absorb a lot of it. 
• Length of lines of text on screen too long to scan. 
• Can sit for hours in front of the PC but I can't do that for hours. But can in a 

comfortable chair with a book. 

Group 3 - VR ]earners 
• I like the feeling that you are there. You know there is marshes etc cause you 

hear them. 
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• Its under your own control. Learrring at your own pace. 
• Well-ordered and logical. 
• Gets you involved in the feeling like you're in the city ... but possible 

disorientation of 11where am I? 11
• 

• Found it interesting to actually go around the place - to see the people and 
buildings. (Interacted with Welcome and Scholar figures). 

• The combination of sound and vision. 
• Freedom to explore. Spatial relationship from physically walking through very 

much compelling. 
• the experience factor, can learn what I want. Gave sense of environment as well 

as topic. 
• An entertaining experience and think it's an important part of learrring. 
• Could tour AND listen and increase the amount of information being taken in 

BUT could also be distracting. 
• ... a 'ghost town feeling' was weird. 
• Having to click and manoeuvre to get info without working for it was preferable. 
• I like it; I would like to look at the words as well as hear them. 
• I would need more time than allowed. 
• Need to get familiar with the technology. 
• Like it as a way of getting an experience such as this does but can give a false 

visual impression. 
• ... walking too much. 
• too dedicated to the medium ie reading a book you can look around/ away, but 

not in this. 
• a time-consuming way of finding the same information that can be read from a 

book. 
• Felt a little closed in. More familiarity preferred. Liked being there and feeling I 

was there. 
• I really liked it because it can give you n impression of the city you can't get 

through using a LOT of other materials, but not a 'dump'. 
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Table D-49: Perceptions of the assigned learning medium's strengths 

Group 1 - Book learners 
• Clear, concise. 
• Easy to read. 
• A tool for disseminating information. 
• Non-expensive. 
• Can go straight back to it, and when you want, and re-read if you want to. 
• It's very accessible - can read anywhere. 
• Do it at your own time. Fairly easy to move from page to page, review, put down and 

pick up again. 
• Can skim forward if not being captivated. 
• A book leads me down paths. 
• Can read and scan faster. Easier on the eyes than a monitor. 
• It's easier to read and take notes from a book (than a website). 
• Can find things quickly, and it's easy to get a quick broad overview of the content -

and I can't do that on the Internet. 
• What it imparts on you. Leaving you thinking of. 

Group 2 - Internet learners 
• A categorisation of information; hotlinks to other chapters. 
• Easy to get information (more than book.) 
• Quick. Pictures are much better on a PC. Self-references: can find anything. 
• Holistic overview. Ability topic and choose VISUALLY. Within text you have 

linkages. 
• Everything is there for you. Interesting with visuals (graphics etc). 
• A non-linear method of learning - like the mind works ... associations. 
• The ability to prioritise the information you want to get. The ease with which you can 

do that. 
• Being able to choose where to go in more depth (navigation). 
• Very easy to go through, scan contents (not like a book). Rapid display and searching 

facility is convenient. 
• For searching information. 
• Flexibility. If well hyperlinked to follow interests in an effective way. 
• Categorise links into different subjects. Visual component eg buildings and 

architechl.re. 
• Can have handbooks on line to do searches. 
• Quicker to work on a screen with a mouse to find information quickly. 
• Can chop and change around with ease to get to information in my own way; can 

refer back easily. 
• Can click back and forth when you need to eg map. 
• To copy and paste information from. 
• Good search capability. Multifaceted, can switch pages fast. 
• Changing display. Found it easy to read (compared to a book). Can lose yourself in it. 
• In the navigation. 
• The speed of it - to access different topics without having to flick pages. Easy to find 

stuff. 
• Mind map, allows you to get an overview of a vast subject in only 1/2 hr and that's 

extremely well done. 
• Can present pictures and information in new wavs. Hvperlinks good for connectin!! 
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to further information, visual, audio, CD - can do searches. 
• You can keep going back wherever you want. It's displayed well. 
• It's easy to move around the information quickly; easy to present it in a simple format 

with pictures. 
• The use of hotlinks in pages to jump to related information. 
• Easily accessible - all the information was there and you could go to it. 

Group 3 - VR learners 
• That you get to choose what you want to learn and delve into it. 
• That you can feel like you're actually there - experience it! 
• It covers what you are going to do. Easy to handle (assuming no physical problems). 
• Definitely its 'you're very involved in it', very one-on-one and individual, and where 

I can learn the most. 
• Visual and audio triggers to memories eg it's easier to remember the face and then 

the name. Feeling of 'actively' learning as if it is 'life experience' and not just book 
learning. 

• it puts you in the environment. 
• It's all-encompassing, most of your senses are being used. 
• Gave a good view of the architecture, more than a book could. 
• Ability to get a visual impact eg Panaeium 
• You're i!} it. A part. Living it. 
• Get the feel - it is both visual and audio. Drums it home. The same image displayed 

to all users. 
• That it could give you a sense of dimension, layout and that sort of thing. 
• The ability to go from sound to sight or to merge them eg Library: select scrolls and 

relate their content to the map on the Library wall. 
• You 1re the driver 
• Mimics a real experience. 
• Great for demonstrating spatial relationships. 
• The total package in terms of audio, marry with visual and experience - travelling 

through. 
• Wandering around, having a choice of where to go. 
• Keeps you interested and learning. The time flys. Accumulate knowledge without 

realising it. 
• Can seem a lot more real for those people not interested in a topic. 
• Was entertaining. Can go back and listen again. 
• Interesting and fun . . . facilitates enjoying learning; Presents a format and good 

visual representation. 
• It can engage and excite and motivate and convey non-verbal concepts, and be non

didactic and memorable 
• It looks attractive. 
• Scale - to see the size of the buildings and the environment and how it's changed 

from then till today. 
• You can access and take in information quickly because visually its just there. There 

is an immediacy about it. It1s very interactive. 
• Quite good being able to wander around and pick up facts as you go. 
• it's engaging. 
• For me ... presenting the visual information: layout, size; also a peg to hang the aural 

information on and therefore easier to absorb the information. 
• Quite passive. It all happens. You don't have to engage with it. It is very much 

brought to you. Click on a button and relax. 
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Table D-50: Perceptions of the assigned learning medium's weaknesses 

Group 1 - Book learners 
• Can have too much information and you have to come up with your own visual 

answers. 
• The limits of information that can be provided. 
• The information not presented in a sequential order. 
• The interaction of the learner - onus is on them to derive the interaction - needs to 

show a high level of interaction, linking different pieces of information. 
• Get bored reading. 
• Very hard to transport volumes of information .. 
• Need to flip pages, and lose track of pages doing that. 
• Being stuck with the way the author presents it. It lacked narrative. 
• Doesn't give mass (ie concrete, eg an elephant) where other sources can. Lack of 

pictures eg scholarn 1 works. 
• Map was impossible to read properly. 
• Perhaps cross-referencing within/ across text. 
• Having to flick through pages, but not able to glance through like a PC. 
• A bit hard on the eyes. 
• Not interactive. 
• Didn't like the (mind map) contents page - found it hard to find what I wanted. 
• Diagrams required to understand ... to get a visual in your head. 
• Quite text heavy. 

Group 2 - Internet learners 
• Light on facts and information. Looking for depth 
• The layout of the text. 
• Like reading a book on the computer. 
• Can't underline the text as you go along. 
• If you want information you have to print it. 
• Screen orientation. 
• I don't see anything independent of it being a problem of the world wide web 

(y{WW), rather of the state of the technology. 
• not mobile like a book. 
• Can sometimes get lost in it (navigation). 
• Eye strain. Fusing for a long time and elecb·ical power dependent. 
• Not so good for processing information - time consuming. 
• Not enough hyperlinks to link subjects. 
• Bouncing back and forth from one piece of information to another. 
• Hard for people with hand-coordination difficulties. 
• No sound (audio). 
• I don't like reading off a computer screen. 
• Using it like a book. 
• Jump around a Jot looking for information. 
• Hard to go back to exactly the same place once visited. 
• It's sort of boring as in looking/ reading a book. 
• Can't ask it questions! Searches can take time. 
• Sitting staring at the screen. There's little body movement. 
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Group 3 - VR learners 
• Frame rates - smoothness. 
• speed - it's not like it has an index; easy to get side-tracked. 
• That its new technology. Need time to acquaint yourself with it to get the most out 

of it. 
• You have to do too much thinking ie having a whole bunch of facts provided and 

you have to order it. Lacks structured order of information and waiting for a tape 
to finish was frustrating. Running two tapes at once didn't work. Speed of sound 
and of walking 

• A danger that the environment will distract from the message you are trying to 
impart to people. 

• The actually tool ie navigating. I found it ok after 5 minutes familiarity. 
• a bit disorientating - head turning, being new. 
• A lot of effort to become competent in moving around, activating. 
• Frustrating in the navigating - moving and selecting at the same time was not 

easy. 
• The sequence of the narrative was essential to understanding and retain 

information! 
• Wanted clear signposts. 
• I didn't have context. 
• Empty space. No people about. (lost the cursor on white areas). Speaking scrolls 

anomalous. 
• Can't jot down notes. Can't wander about with a piece of paper. 
• May take time to find the information you're after. 
• Getting lost. 
• Frustrating, waste time waiting for update (refresh) in the sh·eet to interact with 

objects. 
• Audio in competition with the visuals but also reinforced each other. 
• You have to lead yourself. 
• It may take a lot longer to learn specifics and details 
• Want of control over figures' monologues. 
• Efficiency with getting information (facts). 
• Couldn't sit at it for hours on end, but if learning is maximised that wouldn't 

happen. 
• Physical discomfort especially with time, interface design, content design. 
• The movement - speed. 
• Can't find a lot of information quickly and you need time to find it. 
• Slow and maybe somewhat sparse ie time spent walking with lots of space, and 

wanted more information on the journey ie at more frequent intervals.* 
• Limited in the sense that you got what you stumbled across eg a figure, an obelisk 

... a bit contingent on you happening upon the sources. 
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Table D-51: Comments regarding the learning design 

Group 1 - Book learners 
• Everything was more than the minimum I expected. 
• OK with SDL approach and forms - more pictures would be more interesting. 
• I think SDL is good. 
• No problem. Very friendly. Understandable communication. 
• Found the material very 'facty' and that reduced the pleasure in the learning. 
• Like the way of being left alone to do it (ie learn). 
• Was good; being left, no stress, freedom. 
• I think it really depends on what you're studying ... Don't retain the facts if not 

interested. 
• Information was good. I prefer structure. It didn't have a structure that I 

recognise. All of it was good. Needed more time to go through it all. 

Group 2 - Internet learners 
• Found it enjoyable - not difficult to learn from it. 
• Equipment good. Could understand broadly what was being achieved, and 

logical and comprehensive, and not strenuous. 
• The learning strategy was most important for deciding what information is 

important and accurate. 
• Equipment was all right. Could have been more information. Hot links would 

have been good to link to major galleries, museums, etc. otherwise very good. 
• A bit more interactive would help. Information was readable, but not basic or 

boring. 
• Sometimes I need help to get started .. .losing time. Direction would help in 

knowing the best timing to start with. eg computing needs and guiding, key 
, person. 

• Found it very comfortable, very easy. 
• If for assessment, the learning strategy would have been different for me. 
• Good that it was sequential vis environment and steps within the process. 
• Good. Could be more effective if the PC was more interactive. 
• Adult learning OK 

Group 3 - VR learners 
• Found Adult Learning does work for me. 
• I like it as a concept, and I think some people this will attract to Alexandria where 

a book won't. 
• It's got everything you need. 
• Thought the self-directedness a good idea. 
• Knowing where to go ... a bit involved. 
• Excellent. Frustration at having to come out ( of VR) with a huge amount still to 

see. Very rich and satisfying environment. 
• Got a feel for the VR. Wanted to stay stationary - instinctual movements conflicted 

with the HMD technology. Got an opportunity to shut out the outside world; felt 
like I was really in it. 

• Topic choice - maybe something more obscure: balance the interest of the topic 
with the unknowns of the topic. 

• I'm glad I had the experience. A learning experience. 
• Very good. Software was very self-directed. Could go anywhere and click on 

whatever you wanted to learn about. 
• I think the self-directed part is very important. User-friendly. 
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• Self-directed learning is not something I would want an entire course based on. I 
would want some direction. 

• I would be hesitant about giving adults too much latitude to learn through self
direction eg like a supermarket ... having the ability to make those decisions. 
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Table D-52: Views of the research process and conduct 

Group 1 - Book learners 
• Finding the best models for tailored adult learning will benefit more the learner. 
• Everything explained up front. Seems to have been professionally done. 
• For a while thought I might get tired from doing it. 
• I thought it was conducted comfortably and good. Felt relaxed and at ease. 
• Good environment provided. 
• Can see it would be interesting. Interested in the outcome. 
• Positive. 
• Worthwhile and interesting and worth the time. 
• Sounds fine. Though I'm suspicious of the use of modern technologies. 
• Feel it's good and learnt some interesting information about Alexandria and adult 

learning. 
• Quite comfortable. 
• Thought it was interesting from the subject material (Alexandria) and the 

rationale behind the study. 
• Thought it was good, enlightening and makes me think more about myself and 

how you learn. 
• Answered my curiosity, and know where it's going. 
• Didn't really have a goal when reading the book. If I'd known there was a post

questionnaire, I would have learned it to answer the questionnaire. 
• I felt like I was to do a test. That's just the way I am. 
• I thought it was quite good. Glad I did it. 

Group 2 - Internet learners 
• An interesting experience. 
• Not as stressful as I thought. Just nice. 
• Great! Subject choice great and experiment was very good for expanding 

education direction. 
• Positive. Good communication by researcher, going through key points, reassured 

me, pointing to process key points. 
• Being conducted in a different room was good for me. Friendly, congenial 

atmosphere. Not intimidated. Able to take breaks and have water, knowing what 
was expected and guided, helped me feel comfortable. 

• Brilliant! 
• Thought it was interesting and carried out in a logical way. It had a front, a 

middle and an end. 
• Excited. Realising the implications for community education. 
• Very interesting and good process. 
• Really like it, and it showed me a weakness in my learning and what I have to do 

to improve it. Feel responsible for what I expressed. 
• Found it a fascinating experience and a very open one. 
• Interesting methodology. 
• Good. Now have grown an interest in Alexandria. 
• The questionnaires reminded me of personality tests, although they're not. 
• Interesting. Could be useful for helping people how they like to learn, eg people 

disadvantaged by lecture mode. 
• Just like a normal day. 
• Can't read inde endentl in a limited timeframe. 
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• Very interesting and interested in how to use it to improve your own learning and 
studies. 

• Very comfortable. Very easy environment to conduct it, be part of. 
• It was fun to know about Alexandria and how the study/ survey was conducted. 
• I think it's great ... it reminded me of a golden age civilisation I didn't know about. 

Also it is a story of the rise and fall of a Golden civilisation. 
• Very enjoyable and I learnt about the city and learning and has prompted further 

thoughts about learning. 
• God idea, and seems to have been done quite well. 
• It was interesting and seems well organised and well thought out. 
• happy to participate. 
• I think it's good someone's actually looking at the way people learn. School 

experiences: going blank. Have to be different when dealing with presenting to 
people! 

• No real strong feelings. 

Group 3 - VR learners 
• Nice. Good and effective. 
• Found it quite enlightening. 
• is a worthwhile project and reinforces my learning. 
• Fine. Not unduly influenced by the researcher. No complaints. 
• Interested, exciting, actively participating. Good. As if my experience were 

valued. 
• I think the theories would be effective in helping people learn. 
• Embryonic with the technology - possibly holds potential. 
• As a learning experience - wanted to delve into it in much more than I did. Felt 

held back by the technology. Felt it was passive - all set up for me - eg clicked on 
an audio file, interacted at a surface but not deep level. 

• Very well planned out. Interesting subject matter. 
• Excellent. Good experience and enjoyed wandering through Alexandria. 
• OK. Worthwhile. Not threatening or overwhelming. 
• If post-test known, would have aimed to learn more. 
• It's pretty interesting- different types of learning and what they mean. Opens up 

eyes to how VR can be used in education. 
• Enjoyed it. Learning something new and getting so much out of it, and of learning 

styles. 
• I thought it was an interesting project and experience for me. 
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Table D-53: Participants views of the conduct of their learning experience: applied 
principles of adult learning 

Item 

2.0 
2.3 
3.0 
3.2 
3.4 

Gl G2 

Principle/sub-principle 

Self-concept 
• im osin wills? 
Experience 
• tapping into experience? 
• devalued or i ored? 

G3 
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Table D-54: Comments on the administration of the research 

Group 1 - Book learners 
• Ice-breaking breaks put in; one person-based learning is good (for this topic). 
• I had full control and the effect of that is ... needed some direction. 
• Very professional and relaxed atmosphere. 
• Was mentally familiar. No pressure. Short-time intimacy. 
• Quite happy with the way its been planned. 
• Was good. No problem in understanding what I had to do. 
• made me feel comfortable. No worries. 
• Relaxing, felt no pressure. 
• All very easy and well explained. 
• The process has prompted responses in me in which I learned a lot. This pinpoints 

me to give an answer within the guideline 
• Nicer to break the experiment up into say 2 parts. 

Group 2 - Internet learners 
• The post-Questionnaire was really tough for me. 
• Comfortable. No problems. Thought the advert was intelligent. 
• A bit of catch-22. The research method lends itself to certain types of people. 
• Learned everything needed from this source. 
• Completely non-intrusive. 
• Forms non-intrusive. Comfortable with adult learning. 
• Efficient and non-threatening. 
• No problem. Forms set out OK and enjoyed doing those. 
• All easy to understand. 
• Felt comfortable. OK 
• Environment conducive to study. Enjoyed the instruments/ forms. 
• Pretty happy and relaxed about everything. 

Group 3 - VR learners 
• Done properly, well informed. 
• It has c·ome across as a very professional, competent and structured study." 
• Simple, clear and effective. 
• Very logical in the way gone through and explained. 
• Control OK Adult learning OK 
• Really good. Thorough. Everything explained to a degree where needed. 
• Horribly thorough. 
• Perfectly sensible and very reassuring. 
• Thought it was great. Liked having non-invasive observer - was very good. 
• Worked very smoothly. 
• Questionnaires OK - ( ... LSI). Easy, clear. 
• Pretty easy-going. Flexible, free. 
• Beyond reproach. 
• Impartial, no bias. 
• Very relaxed. Very comprehensive. A little bit long. 
• Comfortable. 
• No problems ... well organised. 
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Table D-55: Participants' closing comments (Behaviour Log) 

• Reading for knowledge, experience, duty, to pass. (Gl) 
• Tools second. Accuracy of information is important vis reliability of information. (G2) 
• Learned, but will not apply this. (G2) 
• I think this is very exciting .. .linear doesn't give people the vision. This gives the 

overall vision of the golden age ... and a succinct way of how it all fits together. (G2) 
• Answered questionnaire from the sound files; sound files: "drives me nuts" after a 

while. Expected to see activity - eg in the gymnasium and look for things like a back
packer .... blankness caused 'not look into' after a while. (G3) 

• Skipped most information in the Library. (G3) 
• Noticed lack of homes. A lot of walking and not finding Did not have a goal. (G3) 

Table D-56: Timings: learning journey tour 

Gl G2 G3 
Touring of 30 minutes 26 27 32 
module 

15 < 30 minutes 6 5 -
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Table D-57: Pre- and post-knowledge scores 

Gl G2 G3 
Ss Ss Ss Ss Ss Ss 

Pre- Post- Differe Pre- Post- Differe Pre- Post- Differe 

Sub-Topic 
score score nee score score nee score score nee 
total total total total total total 

1. Naturalfeatures 12 66 +54 7 74 +67 15 65 +50 
2. Royal Quarter 0 63 +63 0 56 +56 3 68 +65 
4. Alexandrian 20 170 +150 8 153 +145 27 144 +117 
Structures: names 
5. Alexandrian 
Structures: 12 142 +130 8 113 +105 23 99 +76 
significance 
6. Alexandrian 
Structures: artefacts 8 111 +103 2 70 +68 9 77 +68 
& characteristics 
7. Prominent 56 556 +500 26 596 +570 68 369 +301 
people 
8. City's design 
around natural 6 39 +33 3 36 +33 7 33 +26 
features 
9. Fauna 10 215 +205 0 274 +274 2 58 +56 
10. Population: 11 95 +84 1 115 +114 9 63 +54 
culture 
11. Economy 2 124 +122 1 124 +123 1 62 +61 
12. Scholarship 11 125 +114 10 123 +113 28 98 +70 
13. Historical 5 246 +241 6 289 +283 12 195 +183 
events 

1., ;·,;; < ,'"'' :,,__·: :-: 
' ' ''';, ,,-, T<1tal 153 1952 +1799 72 2023 +1951 204 1331 +1127 
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Table D-58: Pre- and post-experiment knowledge (facts) 

Knowled11;e Gl G2 G3 
Highest number of facts learned 151 119 94 
Lowest number of facts learned 2 10 11 
Highest number of facts known by a 29 15 30 
participant prior to experimentation 
Lowest number of facts known by a 'nil' 'nil' 'nil' 
participant prior to experimentation 
Mean number of facts learned through the 61 71.65 42.93* 
experiment 
Mean number of facts known prior to 4.78 2.25 6.375 
experimentation 
Scored 'nif in the Pre-questionnaire 14 19 9 

Scored 'nil' in the Post-questionnaire - - 1 

*n=31 
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Table D-59: Elements of the city's landscape found most interesting 

PRE-TEST RESPONSE (Gl) POST-TEST RESPONSE (Gll 
ancient yet civilised citv location: omen 
Pyramids - achievement Museum; streets 
the Great Librarv - information lost defensable port 
architecture - I like buildings Librarv 
water courses and methods of irrigation water bodies on either side of citv 
oasis; Nile large elaborate buildings 
neo-classical buildings librarv mecinct: books interest me 

its position between lake and sea 
city well planned 
desio:ned in 5 sections 
street layout and buildings 
Paneium - engineering 
man-made hill, library 

blank descriptions of the Gvmnasium and Library 
Dinin2e Hall and Gvmnasium 
Library and Roval Palace (n = 2) 
Palace and Museum 
Museum 
building and harbour !av-outs 
Harbour (n = 3) 
access via bridge 
lighthouse 

PRE-TEST RESPONSE (GZ) POST-TEST RESPONSE (GZ) 
how desi= reflects ideas 

location and design 
Planned citv (n = 2) 
built on Peninsula 

surrounded bv sea and lake 
harbour (n = 2) 
royal harbour 

structure of the bay 
blank man made harbour 

street lavouts 
Q'.rotto, Pan mountain 

Theatre, brid2ee, size of !!Vm 
lighthouse, Palace, Library 

Theatre of Dionysus 
Gvmnasium and Theatre 

QCVmnasium (n = 2) 
Roval Palace 

Museum 
the Soma 

scale of the buildin2es 
the buildin2es (n = 4) 

none. 
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PRE-TEST RESPONSE (G3) POST-TEST RESPONSE (G3) 
Architecture library 

Library hill, Panaeium 
breeze-capturing feature 

Its location 
sense of space and size 

wide streets, open space/buildirn,:s 
very open roads 

layout and design 
ocean and building architecture 

man made hill, layout of maior roads 
streets; man made hill 

blank the Hill; oceanside exoerience 
architecture of the buildings 

architecture (n = 2) 
knowledge of engineering 

buildings 
harbour 

the waterfront 
artificial hill 

Theatre, Paneium, Temple of Argos 
lighthouse 
Museum 

Theatre (n = 2) 
the Library (n = 2) 

the Palaces 
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Table D-60: Areas of Knowledge gain 

Sub-topic Issue Gl G2 G3 

City 6 4 13 
8 3 5 

People 5 2 3 
2 1 

1 1 2 
2 1 

3 11 2 

1 
1 

1 1 
1 1 
1 1 
1 1 1 

All new 1 4 
Asides* 1 2 2 

*Responses not able to be classified other than as asides were: 

• ... facts (specifics) but which would probably forget in a short space of time. 
• esoteric bits eg Alexander, flour, birds; measurement of diameter of the earth. 
• Put into context fragmented knowledge. 
• Wonderful in that so much knowledge today is not contextualised .. .it is and it is 

brilliant! Gives me great hope in these mediums' ways to hopefully get around 
specialisation. 

• A few facts here and there. Information grab, little visual. 

Table D-61: Knowledge change 

Change Gl G2 G3 

Broadening 8 13 9 
Deepening 1 5 6 
Broadening and deepening 9 9 5 
Other 14 5 12 
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Table D-62: Comments made by users of each medium 

Group 1 - Book learners 
• Everythlng I know now is the basis of the 1/2 hr. Knew of Caesar and Pompey, 

and murder but not of how it fit in. 
• From nothing to knowing something: history, the place. 
• Clearer idea of the role of the city. Caesar and Cleopatra and of Alexandria in the 

scheme of things. 
• More specific (wouldn't say broader). 

Group 2 - Internet learners 
• New knowledge of ancient world history. Broader knowledge of ancient Rome 

and of Alexandrian life eg society. 
• Nearly everything; many things are new. 
• Can now put in context, eg politics. 
• Perception was wrong - vis Egyptians & not Greeks. 
• Changed knowledge of history. Now know a bit of Alexandria (didn't before). 
• Contextualising history - placing figures in history. 
• Know a lot more about the people involved, fauna, structure of buildings. 
• Deeper because everything I ever seen has been TV, visual; reading made it more 

concrete. 

Group 3 - VR learners 
• Given me knowledge I didn't have before. It's fleshed some of the general 

knowledge I had about personalities. Gave depth. 
• reviving information and adding a bit. 
• Probably more of the smaller details of Alexandria - more of the ordinary persons' 

viewpoint. 
• Know a little bit more about it now. 
• Very little. 
• Broader - definitely! 
• Learnt a whole range of different things and perspective on what I thought 

Alexandria was. 
• Know more about dates (Antony, Cleopatra Caesar) and order and sequence, and 

of layout. 
• Deeper understanding of the Alexandrian era. 
• If someone said - what happened in Alexandria? I have an image. A reference 

point not had before. 
• I got a feeling for the city and its size and its structure. 

Table D-63: Knowledge conflict 

Response Gl G2 G3 

Yes 10 10 11 
No 22 22 21 

n= 

31 
65 
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Table D-64: Responses accompanying 'Yes' responses against categories 1 to 4 

Cat. Group 1 - Book learners Group 2 - Internet Group 3 - VR learners 
learners 

1 • Julius Caesar being a • I thought that Cleopatra • Had always assumed 
dictator - perceptions was a teenager, and Cleopatra was Queen of 
were clarified. touring around seemed Egypt and thus native 

• Thought Cleopatra was unusual. Egyptian and that she 

an Egyptian. • Thought Cleopatra was ruled from Thebes. 

• the discovery of Egyptian. • Yes. The fires. Thought 
hydraulics - I initially • Yes. The gods they the fire was in the library, 
thought it was early worshipped. and books (not scrolls). 

Europeans. • Destruction of the • Expected an Indian-type 

• Caesar and Cleopatra, in Library . landscape - eg bazaars. 

that my understanding of • Yes. The bit on Greece! Encountered cultured 
Caesar was to take over Maps, lighthouse environment. 

Egypt. clarified the geographic • Yes. Thought Cleopatra 

• Yes! Don't like the location . was a descendent of the 

standard way of lineage of Egypt - but 
presenting history - ie isn1t! 
authoritative manner, • Caesar being involved . 
limited, too objective - no Didn't know he was in 
in specific sense, but~ Egypt. 
in suggestion Egypt was • The Library being 
totally influenced by the destroyed by accident. 
Greeks. 11Not truthful 11

• Thought it was 

• Eratosthenes - thought it deliberate . 
was a place not person. 

• A little, eg total Egyptian 
domination (vs mixed) eg 
Greek & Egyptian. 

• I had my 7 wonders of 
the ancient world wrong. 

2 • Thought knowledge of the • Burning of the Library!? • The Greek influence in eg 
world being round came didn't seem right - took 
later! me by surprise. 

• Some of the facts: 
Alexander and Julius 
Caesar at different times. 
Wasn1t sure of with 
sound grabs. 

3 • The cats: worshipped by • Noticed lack of mention • Noted lighthouse not 
Egyptians, but not stated of Marc Antony and felt featured in VR. 
in Alexandria. uncomfortable with that. 
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Cat. Group 1- Book learners Group 2 - Internet Group 3 - VR learners 
learners 

4 • Didn't understand why • That the Romans actually 
the Jewish quarter was occupied the area; and 
separate from Royal Cleopatra's involvement. 
quarter. Two: Number of Was not aware of either. 
holdings of books • Expected the Nile to 

• (Confused Ptolemies with feature. 
Pompey) 

• The role of indigenous 
Alexandrians. 

• Vaguely knew it was a 
centre of trade. 

• Yes, but can't recall . 

Qualifying comments accompanying notable 'No' responses included: 

• Fit quite well with previous knowledge. (Gl) 
• It jogged my memory. Added to what I knew. (Gl) 
• Just strengthened what was kind of known. (Gl) 
• More 'wow' than anything. (Gl) 
• Things confirmed. (Gl) 
• But some key steps were not explained. (G2) 
• But was clarifying. (G2) 
• Didn't know details before (G2) 
• Filled in the blanks. Knew about the war. (G2) 
• Because my knowledge was so scant. (G3) 

Table D-65: Important facts 

Response Gl G2 G3 

Yes 32 28 27 
No - 3 4 
Neither - 1 1 

Comments attached to 'No' responses were: 

• All much the same level of importance. (Gl) 
• Didn't give any weight. All new. Weighted the same. (G2) 
• No fact had any more importance than another. (G3) 
• Not enough time to do that. (G3) 
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Table D-66: Meaning attached to facts 

Response Gl G2 G3 

Yes 23 27 22 
No 9 5 10 

Comments attached to 'No' responses were: 

• Just processed the information. (G1) 
• The facts stood. (G1) 
• Took the information as presented on board. (G2) 
• Accepted them as facts. (G3) 
• I almost never do that. I tend to take things at face value. (G3) 
• They were just facts. (G3) 
• None any more than any others. (G3) 

Table D-67: Understanding of topic through linking facts 

Response Gl G2 G3 

Yes 26 23 24 
No 6 7 8 
Other - 2 -
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Table D-68: Groupings of facts linked 

Groups Gl G2 G3 n= 

Experiment Process group 1 - 1 2 

Content/ concepts group 5 1 4 10 

Content/ facts group 16 14 15 45 

Process/media group 1 1 3 5 

Process/ self group - 2 - .2 

Multiple dimensions group 3 5 1 9 

Comments attached to 'No' responses to note were: 

• In answering the post-questionnaire I used information from some sections 
to answer questions in other sections. (Gl) 

• Read the history. (Gl) 
• The book was well organised. (Gl) 
• Just kept them isolated. (G2) 
• Not within the half hour allowed. (G2) 
• Didn't really have to. Spent time orientating myself because it was all new. (G3) 
• Can't think of anything (n = 2). (G3) 

Table D-69: Grouped facts to achieve understanding 

Response Gl G2 G3 

Yes 28 23 19 
No 3 8 11 

Unknown 1 1 2 
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Table D-70: Families of facts grouped by participants 

Groupings Gl G2 G3 

People 3 3 2 
Buildings 1 2 1 
Scholarship/ science 1 2 -

Events 3 5 4 
Culture - 3 3 
City - 1 3 
Economy 1 - -

Process 3 3 3 
Multiple/ complex 14 4 3 

.· . .·. .. · . 26* 23 19 
Total 

* two responses not provided 

Participants that did not group facts reasons for not doing so were: 

• I didn't listen to enough ... I moved around a lot and wanted to go back to 
the Library at the end but ran out of time. 

• I didn't really think in a structured way. Read bits and pieces here and 
there. 

• Interested in the landscape and the buildings of the city. 
• Learned information in isolated parts. Content with that. 
• Needed more time. 
• Didn't come across enough facts to do that. 
• Only in a loose sense - eg Caesar, riots, town layout. 
• Linked facts back to map. 
• Read them as a story. 

Table D-71: Facts impacted on participants 

Response Gl G2 G3 

Yes 29 29 28 
No 3 3 4 
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Table D-72: The form of facts that impacted 

Form Gl G2 G3 

People 6 6 6 
Buildings 4 3 3 
Scholarship/ science 4 1 4 
Events 2 7 -
Culture 4 5 8 
City 1 - -
Economy 1 - 2 
Process - - -
Multiple/complex 7 7 5 

Total 
29 29 28 

....... 

Comments attached to 'No' responses included: 

• All (facts) equal. 
• Maybe the number of manuscripts. 
• Not 'great' (impact). 
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Table D-73: Techniques used to remember and recall facts 

Category Technique Gl G2 G3 n 

General Interest 11 5 4 20 
Trungs surprising 1 - 2 3 

Making notes 2 3 - 5 

Association 1 - 2 3 

Walking around - 1 4 5 

Other 4 10 6 20 

Factual facts 1 2 1 4 
short and kev information - 1 2 3 

linking concepts - - 1 1 
develop a chronoloo-v and vision of facts - 1 - 1 

Sensorv pictures 3 1 - 4 
visual recall - 1 1 2 

visualise the route - - 1 1 
seeing it in mv mind - - 1 1 

imagining self in the event - 1 - 1 

audio - - 4 4 
playinoc back mentallv what was heard - - 1 1 
sense ( of the architecture and city) - - 1 1 

Questionnaire the questions 3 1 - 4 
pre-questionnaire 1 2 - 3 
post-questionnaire 1 1 - 2 

Content kevwords 1 - - 1 

numbers and animals 1 - - 1 
buildings - - 1 1 

auirkv stories and victures - 1 - 1 
Medium design booklet la out 1 - - 1 

Not indicated 1 2 - 3 
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Table D-74: Participants' preferred medium/media to learn with 

Media type Media preference Gl G2 G3 f 

Single Book 9 12 7 

Internet 1 1 1 

Lecture/ direction 1 1 -

VR 1 1 - 38 

Subject expert 1 - -
Multimedia - 1 -
Interaction - - 1 

Multiple Electronic 2 2 3 

Non-electronic 3 2 1 26 

Electronic and non-electronic 3 5 5 
Sensory Reading - 1 -

Kinesthetic 2 2 2 14 

Multisensorv 2 - 4 
Discussing - - 1 

Other Combination sensorv and media 4 2 - 6 

Conditional choice 3 2 7 12 
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Table D-75: Most preferred learning medium/ media to learn with 

Yes Reasons 
Group 1 - Book learners Group 2 - Internet Group 3 - VR learners 

learners 

• Absolutely. And having a • For first instinct, the • Yes. I think it's good 
pen and paper to Internet. actually. I would consider 
remember it through • Yes, if audio was included. using it for other things. 
making notes. • Yes. I wish it were more • Yes if it was a finished 

• Yes. The easiest one standardised .... we are product. I can see a lot of 
available, and I've had the still caught in the potential in it. 
most experience with. paradigm of the book. • Yes. Quite so. 

• Yes - for basics and ease of • Yes, if it has all the • I think so. Especially if one 
revision and hence information I need. could read scrolls as well 
understanding. • Itis now . as simply listening to 

• Books are more • Yes, of course, but also a them. 
authoritative and true book. • It would be. Because 
(unlike website) - eg • Yes, combined with a you're totally focussed on 
biology text. good TV documentary. what you're doing all the 

• Yes, for learning particular • I do like it - like visual time. 
types of things - they give stuff. • would be. 
detailed academic • Yes. Audio and visual in 
knowledge. combination - active and 

• Yes. I'm most familiar interactive appeal. At 
with, and easiest. Also times, wanted to take 
provides a record of away reference material -
things. eg map on lap was ideal. 

• Yes. You can do it by • For this particular 
yourself. topic ... This was a good 

• Like reading books . medium. 

• Yes. Definitely better than • Like it. Holds my interest 
alternative media. Enjoy a bit better. 
reading a book. • Hard to say. But yes given 

• PC for long-range alternatives eg site visit is 
research. not always possible to do. 
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No Reasons 
Group 1 - Book learners Group 2 - Internet Group 3 - VR learners 

learners 

• No, one of (my • Not at the moment. 
preferences). • No, not from my limited 

• No not alone, but books experience . 
only are boring. • At the moment, no . 

• Don't think this is. • No. Difficult to say but 

• No. Lean toward books. definitely has potential 

• Find PC's are tiring . and definitely for this 
aspect of this topic. 

• No. Prefer 2D flat screen . 
Display is like flat-screen, 
but not. 

• Probably not. I didn't like 
having something on that. 

• Can't really answer . 
Wouldn't want to learn 
everything in VR, so no. 

Conditiona1/non-
commital Reasons 
Group 1 - Book learners Group 2 - Internet Group 3 - VR learners 

learners 

• Depends on what I have to • It has its pro's and cons. • I have difficulty seeing 
learn about. I love reading • Depends on what subject this being used in other 
biographies. matter is. subjects areas eg maths. 

• Depends on what I'm • Depends. When reading But in some areas it would 
learning. just a few pages, I prefer a be useful. 

• Depending on what type book. • I think it is interesting and 
of material being learned. its new and makes 

• Depends on the topic . learning enjoyable. 

• Depends on what I want • Preferred to read not 
to learn. If learning about listen. Yes & no. 
something less tangible, • For an exercise of this type 
yes. 1yes 1

, but not for work 

• Don't know. Also use because of the time factor. 
videos, web. And audio- BUT quite illustrative and 
visual is a little easier to helpful. 
digest, to see what is being • Depends what you're 
talked about. learning. Not poetry, 

• Don't know. Haven't used language, anything highly 
much else. abstract. 

• Depending on what it is 
I'm trying to learn, 
generally no. 
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Table D-76 Participants views of the conduct of their learning experience: applied 
principles of adult learning 

Diverger Assimilator Converger 

Item 
Principle/sub-principle 

2.0 Self-concept 
2.1 • being responsible? 
2.2 • treatment? 
2.3 • 
3.0 Experience 
3.2 • tapping into experience? 
3.3 • closing your mind? 
3.4 • devalued or i ored? 
5.0 Orientation to learning 
5.1 • life-centres etc? 4 4 2 3 3 6 1 1 
5.2 • devote energy to learn? 6 2 2 6 2 6 
5.3 • learn in context? 3 4 1 3 3 2 2 5 1 

Table D-77 Techniques used to recall facts 

Category Technique Diver Assi Conv 
ger milat erger 

or 

General interest 1 1 2 
things surnrising 2 
colour in the storv 1 
involve oeoole, stories or visual 1 
revisited information 1 
association 1 1 
narrative 
walking around 2 

Factual Juxtaposition of obiects and events 1 
Sensory visual recall 

visualise the route 1 
seeing it in mv mind 1 
Audio 1 2 
plavin" back mentallv what was heard 
sense ( of the architecture and cit-v) 1 

Accommodator I 

6 2 
3 5 
5 3 

Acco 
mmo 
dator 

1 
2 

1 

1 
1 
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