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Preface 

Preface 

One nice thing about being near the end of a large work like this is that you can 
reflect and walk along memory lane of your way to where you are now. 
Obviously many things have happened during that journey. My road has been 
fairly long as it started in 1987 at the Department of Informatics at Umeå 
University. To be honest during the first ten years not much happened to my 
thesis but I did some theoretical courses and some other work that indirectly 
contributed to this thesis, and without doubt that work helped me to decide what 
specific topic to explore. Like the navigators of the 16:th century I was 
experiencing unknown territory for the first time. During this time, apart from 
the courses I took, I mainly taught and developed courses at the department. It is 
very rewarding to teach and discuss with students because then you really have 
to engage in the topic you are teaching and this in return develops and enlarges 
your view of the field you are teaching. Another advantage is that you as a 
teacher have to take a stand and because of that you get more or less personally 
involved. 

Apart from teaching I designed some systems that gave me insight into real 
work with real users. That was also very rewarding. I really liked to work with 
the users and they really taught me a lot even though at times it was very 
difficult. Some times it really demands all the diplomatic skill that you can 
produce. My first system was a hotel booking system for a small hotel in 
Stockholm, which I created together with Maria Magnusson, who also worked at 
the department at that time. The time when the system was going to be used in 
reality for the first time was very anxious and scary for me; it felt like a 
favourite child was moving away from home to start a life for himself. It was 
very frightening. But of course the system survived and like a child created a lot 
of work even after it was released. Furthermore I designed a couple of other 
small systems for another company in Stockholm. Another major system that I 
have designed is a diary system for Umeå University. This was a very 
interesting and instructive experience. In this project I worked very closely with 
the users, mainly Sigbritt Bergfors and Helen Holmberg but also with Jill Falk, 
the university solicitor. I owe them a lot for this experience. They really gave me 
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Preface 

insight into the importance of working with the end users, all the joys and 
problems this brings. 

In 1996 my father became very ill and later died in 1997. My father and I had 
always had a very close relationship, so his illness and later death struck me 
quite hard. It was a significant point in my thesis work, the actual start of it in 
earnest. During my father's illness I saw the problems that go along with ageing 
and I realised that many people have problems just coping with everyday life. I 
have always had a soft spot, and maybe even a weakness, for people needing 
assistance, people with low self-esteem, wounded, poor, vulnerable, with some 
kind of handicap or problem. This is why I have been fascinated by psychology 
and how people react and so on. Luckily enough during the same period I got to 
know John Waterworth, who now is one of my supervisors and my husband. He 
encouraged me to do something about my feelings and to use my interest in my 
research. For me he was, and of course still is, a driving and encouraging force. 

Towards the end of my father's life John told me to start writing about my 
experience and what I thought could be done to help others in the same 
situation. So, I started to write. I wrote a letter to my father, who could not 
communicate anymore at that time, about our relationship and my feelings about 
his illness. I also wrote papers and letters to John about little theories that I made 
up in order to explain my experience. We had almost endless discussions where 
I had to defend my trivial "theories". John got more and more critical as time 
went by and harder in his criticism, which I really liked. We played with words 
in our arguments and argued about almost everything just for fun, which was 
something I had always done with my father. After a while he said that's fine, 
but you also have to base your "theories" on something, so I started to read 
literature that could support or improve my "theories". In 1997 this work 
resulted in my first real conference paper, called "Sensational interfaces: 
function AND passion". This paper was also the start of my thesis topic, to use 
information technology in order to improve everyday life, especially for people 
with special needs. 

This was also the start of my serious writing and exploring of the idea further. 
At first, my idea was to create a tool for people, especially elderly people, who 
have for some reason lost their ability to communicate using spoken language. 
This work was completely inspired by my father's illness and to understand and 
explore how we communicated with each other. We developed a specific 
language, mostly without words, which only my father and I understood. During 
this very emotional time I also realised what great importance memory, 
emotions and creativity (more specifically what I later called everyday 
creativity) have in our lives. 
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For some time I had also been very interesting in learning and in how we learn. 
After studying this more I realised that learning and creativity, especially 
everyday creativity, have much in common. The models of learning and 
creativity are very similar. Then I became conscious that my ideas could also be 
applied to learning. But I still have not dropped the idea of using information 
technology to create a communication tool for people that cannot communicate 
using ordinary language. I have a project funded by Vinnova, which aims at 
creating a tool for this purpose. Today two people apart from John and I work in 
that project, Katrin Jonsson and Ulrika Westergren, and this has also been an 
important inspiration to me. 

Simultaneously to my thesis writing, I have published several papers, many of 
them with John, a way of working that has suited me. To write papers with one's 
supervisor has worked very well for me, but it has also been very hard. I have 
used some of the material in my thesis, though often in rather different ways and 
forms. After we decided to write the first article together he said "you go and 
write down your ideas and then I correct your language and comment on it". 
This is the way we have written most of our articles (and especially those that 
contributed most directly to the thesis) and I am convinced that this is a very 
productive way of working. I learned to express my ideas very clearly, and he 
learned about my work, ideas and way of thinking. Of course he has been very 
critical since he did not want to be connected to something he did not like. Not 
only have I really appreciated this way of working, I have also enjoyed it for the 
most part. 

During the last few years we have published the following papers; 

• Lindh E (1997) Sensational Interfaces: function AND passion. STIMDI'97 
conference proceedings. Linköping University, September 1997, pp 41-
44. 

• Lindh E (1999) Embodied Communication. Proceedings of CSUN's 
Fourteenth Annual, International Conference, "Technology and Persons 
with Disabilities, " held at the Los Angeles Airport Hilton & Towers Hotel 
and the Los Angeles Airport Marriott Hotel, March 15-20. 

• Lindh, E and Waterworth, J A (1999). To be or not to be .... conscious. In 
R. Ascott (ed.) Reframing Consciousness. Exeter, UK: Intellect Books. 

• Lindh E (2000) Back to Taylorism - One step back in the use of 
computers. Dept of Informatics Working Paper WP-00.01. 

• Lindh E (2000) The Split or integration of the individual and the 
collective - the differences and similarities between Durkheim and Jung. 
Dept of Informatics Working Paper WP-00.02. 
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• Lindh E (2000) Wearables - The emperor's new clothes???. Dept of 
Informatics Working Paper WP-00.03. 

• Waterworth, E L and Waterworth J A (2000) Using a Telescope in a 
Cave: Presence and Absence in Educational VR. Presented at 
Presence2000: Third International Workshop on Presence, Delft, 
Holland, March 2000. 

• Waterworth, E L and Waterworth J A (2000) Perceptually-Seductive 
Communication (PSC) - a primordial way to communicate through 
technology. Proceedings of 4th Swedish Symposium on Multimodal 
Communication. Stockholm, October 2000. 

• Waterworth, J A and Waterworth, E L (2000) Presence and Absence in 
Educational VR: The Role of Perceptual Seduction in Conceptual 
Learning, Themes in Education, 1 (1), 7-38. 

• Waterworth, E L (2001) Användning av PST (Perceptually-Seductive 
Technology) i rehabilitering, presented at IT som stöd vid tal-, språk- och 
kommunikationssvårigheter, a workshop arranged by 
Hjälpmedelsinstitutet and Vinnova in Stockholm May 29 2001. 

• Waterworth, E L and Waterworth J A (2001) Focus, Locus and Sensus: 
the 3 Dimensions of Virtual Experience. Cyberpsychology and Behavior 4 
(2) 203-214. 

• Waterworth, E L, Waterworth J A, and Lauria R (2001) The Illusion of 
Being Present. Proceedings of Presence 2001: 4th International 
Workshop on Presence, Philadelphia, USA, May 21-23. 

• Waterworth, E L and Waterworth J A (2001) Perceptually-Seductive 
Technology in Special Needs Education. Proceedings of UAHCI 2001 
Conference, theme Information Society for All, New Orleans, August 5-
10. 

• Waterworth J A and Waterworth E L (2001) In Tent, In Touch: beings in 
seclusion and in transit. Extended Abstracts of CHI 2001 Conference on 
Human Factors in Computing Systems. Seattle, Washington, USA, 
March/April 31-5. 

• Waterworth, J A and E L (2001) Affective Creative Spaces: the 
interactive tent and the illusion of being. In Helander, Khalid and Tham 
(Editors) Proceedings of the 1st International Conference on Affective 
Human Factors Design (Singapore, June 26-29). London: Asean 
Academic Press. 

Parts of this work have been incorporated in the chapters. The thesis has, 
however, grown beyond a compilation of previous work. 
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To actually write a thesis is not what I thought it would be when I s tarted my 
long and winding journey. It is very hard work and most of the time very boring. 
But as John often told me when I complained how boring it is, "to write a thesis 
must be lonely and boring, so just keep on working, it is the way it is supposed 
to be". Moreover in order to write a thesis one really has to have a desire and 
engagement to actually do it. In order to actually finish you have to want that 
more than anything else. You must be very engaged in the topic that you are 
working on. For me my topic has been my driving force and a way of combining 
my different interests in my work. It is similar to having a strong ego in Jungian 
terms - a single minded, rather self-centred approach to life. 

This work is intended to be of an interdisciplinary nature given that it is based 
on approaches from several different subject areas. Naturally, to write an 
interdisciplinary thesis is risky since it opens up the possibility to be criticised as 
very superficial and not dealing with any a specific topic. However the core 
subject in this thesis is informatics, as the main goal is to use the results in the 
design of computerised aids for improving everyday creativity in general and for 
students with special needs in education in particular. A consequence of this is 
that psychology, pedagogy and philosophy are supportive subjects to the object 
of study. Additionally, the thesis consists of a combination of objective and 
subjective elements for the reason that the object of the topic is almost 
impossible to study objectively. 
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Part I - Introduction and background 

"Advances in thought are often due not so much to 
new content, but to ways of ordering old content. " 

Hillman 1962, page 9 





1 Introduction 

1 Introduction 

Human beings are very complex and intriguing creatures, very difficult to 
understand. But the opposite is also true; it is in some ways simple and exciting 
just to be a human being, although we don't understand how. From the day we 
are born until we take our last breath we learn how to deal with life in order to 
survive. At the same time we have creatively to learn and manage everything 
that comes up in our everyday life. To be creative does not only mean to paint 
an exceptional painting or to invent an indispensable product or service. To be 
creative is also to learn, to solve problems and to handle every triviality of 
everyday life in adaptive, balanced ways. 

1.1 Background ideas 

We believe that when humans first appeared several millions of years ago they 
were not able to communicate linguistically to any great extent. They just 
responded to the immediate situation according to their perceptions of the 
current situation. They did have some technology, such as spears, axes and 
primitive clothing. But their responses tended to be instinctive and unreflective, 
because they did not have the means to reflect. After a while language was 
gradually developed, which made it possible to communicate, co-operate and to 
solve problems together with other people. This made reflection possible, but 
also required an increase in abstract reasoning - thinking about various 
possibilities, plans, and potential problems - rather than merely responding to 
the current, concrete situation. 

All this progress led to the loss of innocent being-in-the-world and man started 
down a long path of abstract thinking, leading to the knowledge gained through 
philosophy and science, maths and logic. But at the same time, concrete 
reasoning still went on in arts and crafts, drama, sports and warfare. The split 
between abstract processing, during which the person is absent from the present 
situation in a reflective world of concepts, and concrete processing, where a 
person is experientially present in the immediate surrounding world, gradually 
widened as technology developed, to the point where the two strands of mental 
life became emphasised in different individuals (Waterworth 1999a). For 
example some people are good at expressing themselves artistically while other 
people are good at expressing themselves scientifically or logically. 

Today much of our life is governed by abstract thinking and we emphasise and 
value a closely targeted way of thinking. Concrete thinking on the other hand is 
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often used in various arts and handicrafts, and artefacts within this area are not 
intended to be objective. On the contrary, they are intended to be subjective and 
to appeal to several senses of the user and to the users' imagination and 
emotions. The artefact is intended to engage and give experiences, not 
necessarily reasons. Artists have been thought of as physical doers who have 
time to experience the meaning of life in a state of "conscious being". In 
contrast, scientists are mental doers (in a state of "conscious doing"), too busy 
with the scientific version of physical reality to waste time on metaphysics. We 
use certain tools - information technology - to help us deal with all this mental 
doing. But the problem is this: most existing information technology, at least 
that used in research and educational settings, reinforces the split between our 
mental doing and being as it tends to emphasise the formal, abstract side. The 
result is a loss of motivation, creative learning, and the generation of one-sided 
individuals. 

One way of characterising education is as change in the balance between (and 
content of) conscious and unconscious knowledge. In any learning situation, 
students move through cycles of conscious access to information followed by 
unconscious utilisation of that information - often in the service of the next 
phase of conscious information access. Recently developed information 
technology, such as interactive multimedia and virtual reality, has a profound 
impact on this balance between the conscious and the unconscious. Often, such 
technologies engender a strong feeling of presence, of being an active part of the 
reality that is portrayed. It is this feeling of presence that differentiates the new 
learning technologies from the old; and it is this same feeling of presence that is 
both their greatest strength and their most severe weakness. The new 
technologies present information in exciting, motivating ways, but this can stifle 
reflective thought. The older information technologies are more conceptually 
demanding, but they tend to inhibit emotion and creativity. 

1.2 Problem area and the scope of this enquiry 

The concept of problem is usually loaded with a negative affect, but in a thesis it 
ought to imply both positive and negative aspects. To solve a problem means to 
present results within given conditions. Today's education has both its pros and 
cons, but it can always get better. An interesting topic is how IT can improve or 
more specifically how can information technology be used in order for students 
to become more interested and to improve the learning situation for the students. 
The main aim of the present work is to develop a better understanding of how to 
approach the design of information technology that might help make education 
more effective and balanced. 
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One problem with today's secondary education, at least in Sweden, is that it is 
still based on the older information technologies, and that the students find 
schoolwork and homework boring. A change in attitude is called for, but that 
usually takes a long time. The problem is compounded by the fact that most 
young people are interested in computer games, the World Wide Web and in 
using information technology in general and different kinds of virtual and mixed 
realties in particular. It seems as if they can spend an endless amount of time at 
the computer without losing interest. Is it possible to use this interest for 
information technology in order to engage students in their schoolwork? 
Information technology used in an interesting and engaging way for the students 
could be an aid to accelerate this process. 

Most of today's education is presented to the students as abstract information 
expressed in a linguistic form. Even though more and more practice is integrated 
into the theory, the main part still seems to be in a very abstract form. Is it 
possible to present the same abstract information in a more concrete form that 
engages the student and makes them more interested? When people play 
computer games they tend to feel present in the game, as if they are actors in the 
game. But at the same time they have to use their conceptual skill in order to 
plan and master the game, e.g. to win the game. Could information technology 
be used in order to evoke the same kind of feelings and engagement within 
education? If that would be possible then it would encourage the students to use 
both their perceptual and conceptual skill, and this in turn might improve their 
ability to remember and understand the knowledge that they are learning. 

This thesis investigates how certain kinds of recent information technologies can 
be applied in a new way that I call perceptually-seductive technology (PST). 
PST utilises a general class of sensory augmentation where information is 
presented in multiple modalities, in concrete forms and in 3D virtual or mixed 
reality spaces. PST thus utilises recent display and interaction technologies, such 
as 3D graphics, virtual and augmented reality, environmental and other sensors, 
and multimedia. I believe that such technology is the most promising route to 
open up the information society to all, because it capitalises on corporeal being 
in general, rather than specific learned skills. But PST is not tied to, nor 
synonymous with, any particular technology. PST is a way of designing 
information technology that includes sensory stimulation to provide perceptions 
that will seduce the user into having creative insights that would not occur on 
the basis of conceptual thought alone. This will often involve the evocation of 
emotion, and of unconscious mental activity. It also provides secluded spaces, 
real, virtual, and mixed, in which insights can arise and be reflected upon. The 
models behind the PST approach provide a basis for combining computer-
mediated vivid experience and reflection in the service of everyday creativity. 

5 



1 Introduction 

If applications are designed appropriately, it is also suggested that PST may 
provide a basis for designing educational environments that support robust and 
balanced learning of both conceptual knowledge and perceptual skills. The aim 
here is to use technology to reinforce human skills - both perceptual and 
conceptual - and to provide a tool for practice that will lead people to use their 
own improved skill even without the technology. This thesis not only presents 
the basis for this claim, but also describes some early demonstrations and 
evaluations of designs based on the ideas of PST applied to learning. 

This work assumes that everybody is or can be creative, in this work termed 
"everyday creativity". To be everyday creative is to deal with situations and 
problems that happen or appear in your everyday life in an adaptive way. It is to 
learn, solve problems and to get ideas of how to go about things in general. Of 
course not everybody can become a creative inventor or a famous artist. This is 
something beyond everyday creativity and is usually connected to a specific 
skill or area. But everyday creativity is something that we all have, but which I 
believe can be improved with the right support. Usually creativity is closely 
related to emotion, and this can be seen as a sign that emotion should play a role 
in how technology can be used to support everyday creativity. Memory skills 
also seem to be important. Attacking a problem only through rational, 
conceptual "problem solving" is not an effective way of coming up with creative 
solutions. 

The aim of this research is to find ways in which information technology could 
be designed to support what is known about the creative process, including 
stimulating emotion and enhancing memorisation skills, and so improve 
everyday creativity. In educational settings PST should engage the learner, 
improve memory and make it more appealing to learn. This indicates that the 
thesis belongs within the subject area of informatics given that it uses 
information technology to suggest an approach for designing applications in 
learning and other situations. At the same time, it is an interdisciplinary thesis as 
it needs support and relies on theories from other disciplines, such as 
psychology, pedagogy and philosophy, amongst others. Consequently the aim is 
not to suggest a new theory of learning or of emotion, but to suggest how 
information technology can be used in new ways. 

Information technology is a huge and growing area where new equipment is 
continuously appearing. The practical work of this thesis is largely focused on 
the use of virtual reality (VR) and augmented reality (AR) since both are 
relatively easy and affordable to utilise. This also makes them appropriate to use 
in an educational situation. This is not intended as the general approach to PST 
implementation even though it could be useful in a lot of different ways, some 
of which are suggested in the conclusions and future work. The idea of PST 
outlined in the thesis is a general one, but the main aim of the later part of the 

6 



1 Introduction 

work is to apply the ideas to environments for use by students in a 
comprehensive school, including students with different kinds of special need. 

Later on in the thesis, I describe four different demonstrations of how to design 
and implement PST. The first, called the Illusion of Being, is presented as an 
example, a demonstration and a test of theoretical ideas behind the PST concept. 
This uses a novel interactive environment called the Tent, an unusual kind of 
mixed reality. Three educational PST environments and their formative 
evaluations are then presented. These are demonstrations of first steps towards 
designing PST for use in education and use virtual and augmented reality 
environments. 

The target group of the first evaluation was students at "Riksgymnasiet för 
rörelsehindrade" in Umeå. That is an upper secondary school for people with 
special needs. The rationale for choosing students with special needs was mostly 
personal since it is very rewarding to work with this kind of people and they 
need all the encouragement they can get. Furthermore they are worthy of all the 
encouragement they can get, because they give so much in return. Last but not 
least was the aim to continue the work in the future using PST to improve 
everyday creativity for people with special needs, ranging from disabled 
children via medical use in rehabilitation to elderly people with communication 
problems caused by different kinds of disease. Another part of the rationale for 
choosing this target group was that they clearly have to use a large measure of 
creativity just to handle the everyday situations of their daily lives. 

The second evaluation was a more general one aimed at a more general user 
group. The intention of the evaluation was to assess the difference, if any, 
between two different kinds of PST environment, a desktop VR version and an 
augmented reality (AR) version. The third evaluation was even more general. It 
was aimed at gathering more quantitative data. In this evaluation the application 
was accessible via the web in order to get as many participants as possible. 
Invitations to participate in the evaluation were announced in several different 
newsgroups. These evaluations should be viewed as initial demonstrations of 
how the ideas of PST can be implemented in educational settings. All three 
evaluations have the aim of assessing the subjective appeal of the environments 
and identifying suggestions for further developments of the prototypes. 

In summary, the main contribution of this thesis is an approach to the design of 
what I call perceptually-seductive technology, and the different suggested 
models - the relation between people and technology, of experience and of 
creativity - that PST is built upon. The motivating aim was to support everyday 
creativity in people, especially people with special needs. PST is presented as a 
way of designing technology to realise this aim. 
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1.3 The structure of the work 

The work is divided into four major parts. The first part is an introduction to set 
up the topic, describe the problem area, define the scope of enquiry, the research 
orientation and method. 

The second part consists of the theories and approaches that constitute the base 
for the work. Chapter 3 makes historical and philosophical connections, such as 
Plato's Cave and Galileo's telescope. They could be seen as the view of 
knowledge that virtual and augmented reality, respectively, are based on. 
Following this, there is a discussion about different relations that an individual 
can have with or to a technology, using Idhe's (Idhe 1990. 1991, 1993) three 
types of relations - embodiment, hermeneutic and alterity - as a starting point. 

The centre of the approach proposed in this thesis is the idea of Perceptually-
seductive Technology and its potential application in support of everyday 
creativity. The notion of PST is derived from a variety of theoretical sources, 
including aspects of learning and memory (outlined in Chapter 4), emotion 
(discussed in Chapter 5) and creativity (described in Chapter 6). Reviews of 
relevant related work are also provided in the appropriate topic chapters. 

Part three presents the PST approach in detail. Chapter 7 outlines design models 
for PST. Part of this new approach is the model of Focus, Locus and Sensus, a 
three-dimensional model of experience. The model provides a conceptual space 
in which various types of virtual experience, and virtual and mixed reality 
applications, can be placed. Moreover the model is further expanded to include 
other models and techniques presented in this thesis, such as the creativity 
model, mnemonic techniques and so on. 

Chapter 8 reports one example of how to implement a perceptually-seductive 
environment - the Interactive Tent, developed by members of the Tools for 
Creativity studio of the Interactive Institute. The Tent was demonstrated as a 
PST environment for an artistic production - the Illusion of Being - that is an 
implementation of my Focus, Locus and Sensus model. The chapter also reports 
an experiment carried out with the Tent and using the media developed for this 
production, and provides some confirmation of the value of the Focus, Locus 
and Sensus model. The chapter concludes with a suggestion of how to 
implement PST in educational settings, as a Cave and a Telescope. 

Chapter 9 describes the prototypes designed for learning, and their formative 
evaluations. An example of the Cave concept was implemented in two different 
desktop-VR versions, one that resembled an old Shakespearean theatre and the 
other as a simplified version of the classroom of the students who participated in 
the evaluation. The implementation and evaluation of PST as a Telescope (an 
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AR environment), versus a Cave, is described next. This evaluation compared a 
slightly improved version of the memory theatre from the first evaluation with 
the use of a real room as a memory theatre. Finally, experiences with two PST 
environments over the web are reported. One aim of this evaluation was to try to 
reach a bigger population, with more participants and also people of different 
ages. 

Part four consists of Chapter 10, which presents the results and conclusions from 
the work as a whole, and some reflections about the process. Last but not least 
there is a short outline of where this work might lead in the future. 
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2 Research Orientation 

This interdisciplinary study, rooted in Informatics, combines psychological 
notions from the areas of learning, emotion, creativity and memory with human-
computer interaction (HCl) aspects of prototype design, implementation and 
evaluation. This chapter clarifies the problem addressed, and the method and 
concepts used. 

2.1 Description of the problem 

The general aim of this work is to explore how relatively new multimedia 
technology, such as virtual and augmented reality (VR and AR) can be used to 
support everyday creativity through the design of what I call perceptually-
seductive technology (PST). This aim arises from the insight that these 
technologies can bring profound changes to the way people interact with and 
through technology. The more specific and motivating aim is to propose how 
PST can be exploited to encourage everyday creativity to support learning, in 
particular for students with special needs. 

The work is interdisciplinary but its root is in Informatics in view of the fact that 
the main contribution of the thesis is the different models that describe relations 
between people and technology and that it suggests how the ideas can be 
designed and implemented. In order to be able to suggest the different models 
and how to design I need to base it in theories and findings belonging to other 
disciplines, such as pedagogy, psychology and philosophy. These disciplines 
provide knowledge of, for example, mnemonics, creativity and emotion, as input 
to the models and the design process. 

A description of a problem directs how the problem is approached and which 
concepts are used. First it is worth stating whether the problem is descriptive, 
explanatory or a normative/evaluative problem. This question dates from the 
17:th century when philosophers started to stress the difference between "is" and 
"ought", between being descriptive and normative (Eriksson & Wiederheim-
Paul 1997). This question can also be understood as three different activities 
within research (Figure 2.1). First, a researcher starts to define and describe the 
problem. The next activity is to analyse why it is a problem, the explanation of 
the problem. These two activities deal with the is-question, what is generally 
known as facts. A fact expresses that something is the way it is. Nevertheless, 
not everything can be expressed as facts. For example David Hume claimed that 
statements about moral good and evil could not be proved to be either true or 
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false (Gordon 1991). The same applies to all value judgements. Thus the third 
activity deals with values instead of facts, with how something ought to or 
should be. However it is not possible to derive an ought-question from an is-
question (Gordon 1991). 
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Figure 2.1 Types of problem 
This thesis reports mainly descriptive and explanatory work, but it is also 
normative in a limited respect. The problem to be solved is to propose how 
information technology can be used to encourage everyday creativity. The main 
part of the thesis is a theoretical work that is descriptive and explanatory. It 
endeavours to describe and explain the mechanisms behind using technology to 
assist everyday creativity. Conversely, the different demonstrations and 
evaluations of the prototypes in the thesis are to some extent normative as they 
propose examples of the design of the ideas, indicating what a design of this 
kind of environment ought to resemble. The claim that everyday creativity ought 
to be supported is clearly a normative one. 

2.2 The method 

One aim of science is to discover "general laws that cover a wide range of 
specific phenomena" (Gordon 1991, 34). If a law covers all phenomena in the 
past, now and in the future in all places it is called a nomological proposition. 
According to Gordon (1991) there are different kinds of generalisation within 
social science. There are empirical laws, analytical laws and causal laws. 
Empirical law is the least stable of the three. It holds true for all instances within 
the limits of the observations that have been conducted. Empirical laws have to 
be abandoned when one contrary occurrence is discovered. Thus empirical law 
only explains what data are and not why they are what they are. According to 
Gordon (1991, 37) empirical laws "... cannot provide us with much knowledge 
of complex phenomena". 
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Analytical laws are a common type of law within logic and mathematics. They 
are based on rules of reason or of rational thought, which implies that they are 
not based on empirical findings. They do not say anything about the real world. 
However it is possible to test the premises empirically, or the conclusion. 

Causal laws, in contrast to analytical laws and empirical laws, explain why a 
phenomenon is as it is. They connect events together in a causal fashion. Causal 
laws are often conditional statements, such as if... then... statements. 
Nevertheless, it can be difficult to determine which conditional statements are 
scientifically substantiated and which are purely personal speculations or 
intuitions. Gordon (1991) claims that there are many different opinions about 
what the concept of cause really means. 

This work starts by setting up a hypothesis based on established work and 
theories within learning, memory, emotion and creativity and then applies it to 
technology and how to design applications with particular characteristics. An 
analytical hypothesis has to be tested in order to become an established 
analytical law. Since prototypes are tested, although to a minor extent, the study 
claims the status of empirical law, according to the above definition. This claim 
is based only on empirical data, and we can only guarantee that it holds true for 
the instances within the limits of observations that have been conducted. 

In Part II of the thesis, the related areas of philosophy, pedagogy and 
psychology are reviewed in o rder to illustrate and get an overview of relevant 
theories and models about memory, mnemonic techniques, learning, emotion 
and creativity that are used later. The philosophy chapter is used to establish the 
groundwork of different kinds of relation between humans and technology and 
how different kinds of technology entail different kinds of relation. The 
motivation for including a chapter about memory is that memory is important 
particularly in learning and creativity, which are combined in everyday 
creativity. The notion of PST leans on the idea that technology can be used to 
elicit both emotion and, associated with that, creativity. These topic areas are 
outlined in a chapter each in order to grasp how technology could be applied in 
this way. 

Part III includes a first chapter presenting derived and suggested models and 
frameworks underlying the design of PST environments. In later chapters, 
different implementations and evaluations of PST environments are presented. 
With the intention of exemplifying the basic ideas of PST, and to an extent 
testing the proposed models, a prototype environment called the Interactive Tent 
is depicted. The novel set-up used is relatively inexpensive and demands 
relatively few resources, but it is not readily applicable in a normal classroom 
setting. Given that the motivating intention of the work is to use PST in a 
classroom of today, with as little additional cost as possible, the approach is also 
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implemented in a minimal fashion as desktop VR and AR. A further motive for 
this minimal implementation is that it is possible for students to use it over the 
web if they for some reason are not able to attend school. In these initial and 
simple demonstrations not all the ideas behind PST could be incorporated. They 
are only initial sketches of how to implement the ideas in a real classroom 
situation and these prototypes must only be viewed as the very first step towards 
designing the use of PST for education. The evaluations indicate how the 
environments were experienced by students and others, and suggest routes for 
the future development of more sophisticated PST for educational settings. 

As already stated, the motive behind using desktop VR and AR in the classroom 
prototypes was that it is relatively available in Swedish schools today, and that it 
is relatively inexpensive to invest in even for simultaneous access by several 
students. Most likely the ideas would be better and more clearly represented in a 
more expensive environment. While I believe that PST can be usefully applied 
in normal classes, the motivation for using students with special needs is that 
they have to use part of their everyday creativity to handle situations and 
problems in their everyday life that other students do not have to deal with. One 
problem with using this very limited target group is that they are few and that it 
is somewhat hard to get several persons to participate in evaluations and tests. In 
this work this problem is solved by also including other people in the 
evaluations. However, the main discussions in order to get ideas and to test how 
the technology can be used for this purpose have been with the students and staff 
at Riksgymnasiet för Rörelsehindrade in Umeå, which is an upper secondary 
school for students with different kinds of special needs. I have spent a great 
deal of time with the students to learn about them and to find out how the 
technology can be used in this situation. 

Another related question to consider when dealing with the method is whether 
the study is empirical or rational. This has to do with the knowledge relation 
between subject and object (see Figure 2.2). 

Empiricism 

Rationalism 

Object Subject 

Figure 2.2 Difference between empiricism and rationalism 
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An empiricist starts by examining and observing reality to get a first sense 
impression. From this sense impression and observations he/she gets an idea and 
formulates a statement. This is also known as induction (see Figure 2.3a). 
According to this approach scientific knowledge is built on observations 
(Chalmers 1982). 

The rationalist, on the other hand, starts with an idea and then tests it against 
reality (Figure 2.3b). This approach is known as deductive reasoning. From 
universal laws and theories the scientist derives various consequences that serve 
as explanations and predictions (Chalmers 1982). Within this approach a 
statement is derived from other given statements. 
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Figure 2.3 a) Empiricism b) Rationalism 

This work is based mainly on the ideas of rationalism, as it starts with existing 
ideas and theories, and with them as a base a new approach is suggested. 
However, the underlying claim - that PST is an approach that improves 
everyday creativity - is not tested directly. The later part of the work can be 
regard as empirical to some extent, since designs based on the suggested 
approach are implemented and exposed to actual use. Some consequences of 
implementing the underlying models are evaluated, and this includes user 
observations and discussions with students, teachers and assistants, in order to 
improve the designs and implement the idea in the future. 

2.3 The scope of concepts/categories 

The central concepts/categories used in the work are derived from the tension 
between conceptual versus perceptual learning; emotion and consciousness 
versus the unconscious, creativity, synaesthesia; presence versus absence, 
perceptual seduction, and the three dimensions of Focus, Locus and Sensus. 
Some concepts have been specifically adjusted for this work. Central concepts 
are defined in their respective sections. 
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Before one starts with an investigation in Informatics one should decide who the 
target group is and which perspective to take. Usually ones own interest guides 
those decisions. The main target group of the proposal outlined in this work is 
people with special needs, and in particular students with special needs. The 
intention is that application designers of interactive environments to be used by 
such people, amongst others, should benefit from reading the thesis. The thesis 
should also be of more general interest to those concerned with creativity and 
with ways in which information technology can be used in the future. 

An important related topic is what kind of entities, individual or collective, are 
used in the explanation. Methodological individualism claims that social 
phenomena must be scientifically explained and based on laws that refer to 
actions of individual persons. Methodological holism states that social 
phenomena must be explained from actions of groups or larger entities/wholes 
(Gordon 1991). 

The point of departure for this work is an individual perspective as it is based on 
theories by which the phenomena are scientifically explained in laws that refer 
to actions and processes of individual persons. This does not mean that it rejects 
the social context, on the contrary the social context is important, but to take a 
social perspective from the outset would have resulted in a completely different 
thesis. An explicit assumption behind this work is that one has to satisfy the 
individual aspects of interacting with a technology if it is to be successfully 
applied in social contexts. 
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3. Philosophical Connections 

Interaction with technology implies the development of a relation with 
technology. My conviction is that it is very important to consider what kind of 
relation you want between the user and the computer when designing an 
application. 

When we interact with (or through) technology we have a certain relation with 
that technology. Don Ihde (1990, 1991, 1993) separates out three different types 
of relation: embodiment, hermeneutic and alterity. The different kinds of 
relation imply different kinds of interaction and also different kinds of design. 
As a designer it is important to consider what kinds of relation the application 
should achieve and also what kind of impact that will have on the user. 

My two different main approaches, the Cave and the Telescope, are based on the 
differences between Plato's view of reality as a cave and Galileo's "augmented" 
view of reality through his telescope. Most of Plato's ideas are still prevalent 
and applicable to research today. According to Whitehead (1980), western 
philosophy is nothing more that "footnotes to Plato". The simile of the cave is 
one of many examples of his ideas of the nature of knowledge and learning. This 
view describes very well the idea behind most of today's VR applications. What 
we experience is only a model of reality, which is created as a shadow of the 
real world. 

Galileo Galilei is regarded as one of the fathers of modern science. Among other 
things he insisted on mathematical theories and empirical observations. He 
believed that reality is out there, and you have to observe it. His idea of how we 
learn is clearly expressed in his use of the telescope; we learn by examining 
reality itself. 

3,1 Plato's cave 

One of the most important events in Plato's life (circa 428 - c. 347 BC) occurred 
when he became a follower of Socrates. If Plato would have followed his family 
tradition he would have entered a political career but, disillusioned by Athenian 
politics, and impressed by the communications of Socrates, Plato opted for 
philosophy and learning, particularly as a means to change politics. He opened 
his Academy at Athens circa 357 BC. He thought that mankind's fate was 
hopeless unless there was a major change in the education of men, and 
especially those intending to become statesmen. It was only what he called 
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philosophy (etymologically, friendship with or love of wisdom) that could make 
them suitable for the task of being statesmen. The Academy was named after the 
park in which it was located, and aimed to educate future leaders. 

Plato's contributions to philosophy include the theory of knowledge vs. 
recollection, the soul's immortality and tripartite division, and the theory of 
terms. The latter has a direct connection to the art of good teaching. One of the 
techniques is to use allegories that have an impact on the learner and so help him 
remember. He managed to present material effectively in a way that was 
interesting and understandable to the learner. One main assumption behind 
Plato's theory, and also a problem that he perceived, is that in order to learn 
something new, the learner has to have some prior knowledge or experience. 
This is a real problem because in order to learn something one already has to 
know something and this is in itself an infinitive regress. The solution that Plato 
offers to this problem is that knowledge is innate in the human mind at birth. At 
the end of the Republic (Plato 1961) he describes this in the myth of Er. This is a 
story of the brave soldier Er who was killed in battle. When he was taken home 
to be buried he came to life again and was able to tell the story of what he had 
seen in the other world. During his death he was able to see the realm of 
everlasting reality, and in that way learn the truth (Phillips and Soltis 1991). 
Furthermore he saw how souls choose new lives and that just before they were 
reborn they drank from the Forgetful River, and that made them forget 
everything that they had seen in the other world beyond death. 

According to Plato, learning is the process of recalling what the soul has already 
seen and absorbed. Teaching is the helping of this remembering process because 
one cannot learn anything that one did not know previously. The brave soldier 
Er learned by observing the realities of the afterlife and this is one example of 
how Plato regarded learning as a rather passive process. 

"The Simile of the Cave" (Plato 1961) can also be seen as an example of 
learning as a passive process. This myth is about prisoners that are chained in a 
cave so that they can only look at the wall far away from and opposite the 
entrance. The only things they can see are reflections on the wall in front of 
them. The reflections that they saw were only shadows of various objects that 
people outside were holding high above their heads. In their world inside the 
cave, they only learned about the shadows - which they mistakenly took for 
knowledge of reality. The only way to acquire real knowledge is if the prisoners 
were released and allowed to turn around and see reality. Plato believed that 
teaching is about releasing people from the chain of ignorance and that learning 
is passive in that it is a matter of simply turning around and allowing the mind to 
see clearly. 
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Plato valued abstract reasoning very highly and believed that a person that is 
trained to reason logically and mathematically is more likely to escape from the 
cave of ignorance. He is also more inclined to use his mind to see the truth 
(Phillips and Soltis 1991). His conception of reality is that only through 
introspection is it possible to acquire knowledge about the real world or, to put it 
another way, knowledge only comes from reflective thought about reality. As 
such, knowledge is placed in the intelligible realm {to noétorì) (described in 
book six of the Republic - The Divided Line, Plato 1961). We only see reality as 
reflections on a wall while we are trapped in a cave, or as Plato describes it 
himself: "Then in every way such prisoners would deem reality to be nothing 
else than the shadows of the artificial objects" (Plato's Republic 515c). This 
description of knowledge fits in some ways with the ideas behind VR, where 
what the human experiences is often a relatively fixed model of reality, a virtual 
world created as a "shadow" of the real world, but also excluding some of its 
constituents and complexity. 

3.2 Galileovs telescope 

Galileo Galilei (1564 - 1642), born in Pisa in Italy, is regarded as one of the 
fathers of modern science. Galileo opposed several of Aristotle's theories 
including the latter's view of the motion of a falling object. The Catholic Church 
condemned Galileo's defence of the Copernican' heliocentric theory of the 
planets. 

Galileo believed in a method that brings together mathematical theory with 
empirical observations. The method is based on data that are measurable, 
mathematically formulated hypotheses and relations between phenomena that 
conform to a law. The true scientific method (Figure 3.1) starts with simple 
observations, which are induced into a hypothesis. The hypothesis is tested by 
deducing the expected result, then performing an experiment to decide if the 
expectation is borne out or not, and on that basis rejecting or accepting the 
hypothesis. Intellectual experiment is also part of the method. The theory 
differentiates between primary and secondary qualities. The secondary qualities 
are those that are not possible to measure and that are subjective, as for example 
colour, smell, sound, taste, and warmth. These could be excluded from a 
physical scientific description since, according to this theory, science describes 
reality as it is, i.e. objectively, as opposed to the reality that appears in our 
subjective experiences. 
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Figure 3.1 The true scientific method 

Galileo, in opposition to Plato, believed that humans get knowledge about 
reality by observing it. Instead of relying on holy scripts or introspection, he 
advocated looking at what is actually there with technological assistance - a shift 
that led to our current conception of scientific knowledge as relying on detailed 
empirical observation. Even though Galileo did not invent the telescope (it is 
Dutch spectacle makers that have received that credit), he constructed an 
astronomical telescope in 1609, discovering, for example, Jupiter's moons and 
the sun's black spots. 

The Galilean reality is out there and it is possible to understand it by exploring it 
with the use of different kinds of tools such as, for example, a telescope. 

3.3 Relations with or to a technology 

When people use technologies they experience a relationship between the 
technology, the world and themselves. Ihde (1990) discusses this topic as the 
various ways in which the human body interacts with the environment by using 
technology. He claims that 'To embody one's praxis through technologies is 
ultimately an existential relation with the world' (Ihde 1990, page 72). 
According to Ihde, it i s possible to discern three different kinds of relation: an 
embodiment relation, a hermeneutic relation and an alterity relation. The three 
relations form a continuum. It is very difficult to determine where one stops and 
another starts (Figure 3.2). In some cases it is even hard to say which relation a 
specific example belongs to. 
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Figure 3.2 Three different kinds of relation to or with technology. 

3.3.1 Embodiment relation 

In an embodiment relation the technology is, as it were, taken into the 
experience and the world is perceived through the technology. The technology is 
between the observer and the object, and changes how reality is experienced -
but it does not present a model of reality. In an embodiment relation the 
technology is an extension of human senses. The experience is mainly based on 
concrete processing by the user and could be said in that sense to be data-driven 
through the body. The human acts more or less in response to the environment -
in an unconscious state of mind as far as the technology is concerned - and can 
be said to be psychologically present in reality (Waterworth J. A. and 
Waterworth E. L. 2000). Examples of such embodied technology are 
microscopes, sunglasses, hearing aids and a blind person's stick. The technology 
becomes truly embodied when the user becomes almost unaware of its 
mediating role. Galileo's use of the telescope could be seen as an example of 
embodied seeing through the technology. The telescope in this case is in a 
position of meditation between the seer and the seen, but at the same time what 
is seen is on the other side of the technology. The seer actually sees through the 
technology. 

One requirement for an embodiment relation is that it is transparent, i.e. it must 
be possible to see through the technology. Ihde (1990) calls this a material 
condition for embodiment. Embodiment is also an activity that must be learned. 
It is easy to learn a good technology of this type. Once one has learned the 
technology is it maximally transparent. Ihde expresses this as taking the 
technology into ones own perceptual-bodily self-experience (Figure 3.3). When 
this happen the technology is part of the person's experience and is not 
noticeable. Merleau-Ponty describes it very nicely in his example of a blind 
man's stick: "The blind man's tool has ceased to be an object for him, and is no 
longer perceived for itself; its point has become an area of sensitivity, extending 
the scope and active radius of touch, and providing a parallel to sight." 
(Merleau-Ponty 1962, page 143). 
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Figure 3.3 Embodiment relation 

Embodiment is not only connected to vision but potentially to all other senses. It 
causes the technology to withdraw into the background and one senses reality 
through the technology in a bodily way, so that the technology seems invisible. 

According to Ihde (1990) an embodiment relation takes the technology into the 
experience and one perceives the world through the technology. So the 
technology mediates between the observer and the object. In some respects, 
augmented reality is based on this idea, that one experiences the real world and 
not a model of it. One learns by examining external reality, and superimposing 
extra information in an integrated view extends that reality. This extra 
information is typically placed as tags in the real world that the user then 
experiences as overlaid information when looking at a certain object. At the 
same time, in augmented reality the overlaid information is not an actual part of 
external reality. Furthermore, this extra information generally has to be 
interpreted by the user. Because of this, augmented reality seldom becomes truly 
transparent, in Ihde's sense of the term. 

The embodiment relation is in some sense similar to Polanyi's concept of tacit 
knowledge (Polanyi 1983), in that it has the character that no explicit conceptual 
judgement attached to it. It appears that the technology transforms what we 
experience and the relation is existential (bodily-sensory). 

3.3.2 Hermeneutic relation 

In a hermeneutic relation, on the other hand, the observer experiences a model of 
reality as the source of knowledge. The technology provides a representation of 
some aspects of reality. In fact, while using the technology, this is the only 
representation through which that aspect of the world is experienced. A 
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hermeneutic relation could be seen as the technology providing a model of (parts 
of) reality to the human. This suggests that it is mainly based on abstract 
concepts and that it requires more abstract thinking to interpret the 
representation. Waterworth J. A. and Waterworth E. L. (2000) label this as being 
mentally absent from the environment. In such a situation, the person does not 
sample the environment so frequently (Waterworth 1983). 

The most obvious example of a hermeneutic relation is our use of written 
language. In order to understand text one has to know how to interpret the 
words, i.e. understand what the abstract symbols stand for. Other examples of 
the hermeneutic relation between people and technology include petrol and other 
gauges on a car dashboard, most of the instruments in an aeroplane cockpit, and 
the familiar wall thermometer indicating the outside temperature. 

In a hermeneutic relation the person sees a model of reality, which has to be 
interpreted. This indicates a transformation from more concrete forms to a 
greater degree of abstraction. When you read a thermometer you can 
hermeneutically know if it is warm or cold outside. Hence in a hermeneutic 
relation the technology is part of reality (Figure 3.4), it is not transparent, and 
the individual interprets reality through the technology. Ihde (1993) suggests 
that in a hermeneutic relation with technology the "actions are 'read' through 
the technology" (Ihde 1993, page 108). 

Figure 3.4 Hermeneutic relation 

In contrast to an embodied relation, a hermeneutic relation does not extend or 
imitate bodily-sensory capacities. Instead it is based on linguistic and 
interpretative capacities. Hermeneutic relations are experienced through the 
mind where they are interpreted, while embodiment relations are experienced 
more directly through the bodily senses. 
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In some respects VR applications can be seen as examples of the hermeneutic 
relation, since the observer experiences a model of reality as the source of 
knowledge. The model could be a virtualised part of reality, but on the other 
hand it could also be an imaginative creation that has little similarity to reality. 
VR could also be seen as an embodiment relation inasmuch as the users are 
present in the virtual world and often interpret it through the sensory perceptual 
system. As I interpret Ihde, he claims that in a hermeneutic relation reality is 
first translated into a language or model that is read and interpreted by the 
individual. 

3.3.3 Alterity relation 

In the third type of relation to or with technology the person may or may not 
have a relation through the technology with the world. The technology is neither 
part of the human nor of the world, it has an existence of its own (Figure 3.5). 

Figure 3.5 Alterity relation 

The technology in this kind of relation is seen as an "other", with "a life of its 
own within the environment that allowed this form of life" (Ihde 1990, page 99). 
To interact with the technology gives the sense of interacting with something 
"other" than oneself or reality. The technology becomes a competitor and there 
has to be some kind of dialogue or exchange of information. The technology 
appears to be very unpredictable (Ihde 1993). 

Both VR and AR can be seen as mostly examples of this kind of relation, 
particularly those applications that do not have an obvious connection to the real 
world. Examples could for instance be found within art, such as Osmose (Davies 
1998) and Éphémère (Davies 1999). In this kind of relation the user both 
experiences a model (hermeneutic relation) and at the same time the experience 
does not have to be interpreted conceptually by the user (embodiment relation). 
This dual aspect means for Ihde that there is neither an embodiment nor a 
hermeneutic relation. It is also obvious that the technology has an existence of 
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its own, in that the user has a dialogue with the technology and the technology 
for example decides when the session is over and the user is thrown out of the 
virtual environment. 

An example of AR exhibiting an alterity relation could for instance be found 
within medical applications such as ultrasound imagining. Since the technology 
does not yet allow for the registering two or more sources together accurately 
(Waterworth 1998), the physician may experience AR as a stand-alone object 
with which he or she has to exchange information. This implies a typical alterity 
relation between the human and the technology (in this case the AR glasses), 
where the human, the technology and the reality are three separate parts. 

3.4 The relation with computer technology 

Ihde (1991) actually asserts that a computer cannot be part of an embodiment 
relation with a person because it does not incorporate perceptual and bodily 
praxis. I do not agree with that, especially after the appearance of VR and AR. I 
also suggest that the type of relation can change during the use of a computer 
application. As long as everything works in a way that the user expects it to do, 
there is a possibility to have an embodiment or a hermeneutic relation, 
depending on the exact technology used and the type of application. But as soon 
as something unexpected happens the relation changes to an alterity relation, 
where the technology becomes a separate part with a 'life1 of its own. The 
technology is seen as the other that is separated from both the user and reality. 

VR actually implies a hermeneutic relation with the user, because what is 
experienced is a model of reality, but several VR applications are based on the 
idea that the user experiences the virtual environment through the bodily 
perceptual system. There are many examples of this, especially within medicine, 
where the whole idea of the technology is to enhance and extend human 
perception, and also to improve motor skills. For instance, VR has been used in 
the rehabilitation of geriatric patients who are at high risk of falling. 
Cunningham and Krishack (1999) used a non-immersive VR application in 
Occupational Therapy to promote functional movements. The patient stands in 
front of a television screen that shows the tranquil background of a green field 
that is surrounded by a fence. In the far background there are mountains with 
snow on top. In the blue sky that surrounds the patient's image there are brightly 
coloured balls. The patient's task is to touch the virtual balls, and if they are 
successful the balls burst into numerous coloured particles. If the patient touches 
the ball gently the ball turns into a bird that flies off. Auditory feedback is also 
provided as electronic sound. The result of the experiment indicates that patients 
using the VR application with standard therapy improved in dynamic standing 
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tolerance compared to those who only received standard therapy. This kind of 
application is based on the concept that the patient experiences reality via the 
technology, i.e. shares an embodiment relation with the technology. 

In contrast AR could be seen as more obviously demonstrating an embodiment 
relation, since reality is perceived through the technology. But often in AR, 
abstract information is overlaid on top of external reality, and the interpretation 
required of the user implies a more hermeneutic relation. 

3.4.1 The sense of presence in using technology 

I suggest that computer applications may result in an embodiment relation 
because the user experiences a sense of presence through using the technology. 

It has been suggested that presence is the hallmark of virtual reality (Waterworth 
J. A. & Waterworth E. L. 2000) - the user feels as if he or she is there, in a 
virtual reality. With AR, the user should still feel present in external reality, at 
least some of the time, even though abstract information requiring hermeneutic 
interpretation may also be included. In VR, this feeling of presence creates a 
sense of an embodiment relation between the user and the model. It makes the 
user perceive the model directly through the senses. 

In AR, the user continues to feel present in the real world, and thus retains the 
feeling of an embodied relation through the technology, although the world may 
be augmented with models requiring either hermeneutic or embodied 
interpretation. 

By my account, the strength of the observer's sense of presence indicates the 
degree of embodiment felt when using the technology. More presence suggests a 
greater degree of embodiment, whereas less presence implies a more 
hermeneutic relation. There is, however, a problem with how to measure 
presence, as I discuss in Chapter 7. 

3.5 Summary and conclusions 

Plato and Galileo represent two different kinds of understanding of how we gain 
knowledge. Plato stands for abstract reasoning and the idea that true knowledge 
could only be gained from reflective thoughts about reality. We can only 
experience a model of reality, which is like a virtual reality created as a shadow. 
In order to learn one has to use abstract thinking. This points to the idea that it is 
mostly our abstract thinking processes that are involved in gaining knowledge. 
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Galileo on the other hand introduces the importance of empirical observations in 
the scientific method. In this view we can only gain understanding and 
knowledge about reality by experiencing and exploring it, which moves the 
emphasis from the abstract to the more concrete and that we are acting in reality 
and not a model of it. Here the body senses play a more important part in 
learning than abstract thought. Nevertheless, according to Galileo it is also 
important to reflect and conduct intellectual experiments, thought experiments, 
as well as make empirical observations. 

Ihde's three different relations to or with technology are important when 
designing computer environments in general and environments for learning in 
particular. In an embodiment relation the technology is part of the human body 
and an extension of the human senses. Ideally this kind of relation does not 
demand any abstract thinking to use the technology, it is just part of the 
experience and enhances the experience. Similar to Galileo's view, reality is 
there and one just experiences the real world, using technology to enhance the 
experience of certain parts of reality. Contrary to Galileo, this kind of relation 
excludes abstract thought in its use, in that the experience only happens through 
the bodily perceptual system. The embodiment relation puts the emphasis on the 
body instead of both the body and the mind as Galileo does. 

In a hermeneutic relation, on the other hand, the human experiences a model of 
reality created by technology. The model has to be interpreted by the human in 
order to understand it. Implications of this are that this kind of relation requires 
abstract thinking in order to interpret the model. The hermeneutic relation 
emphasises the reflective mind at the expense of bodily experience. What 
differentiates this kind of relation from the embodiment relation is that it does 
not extend the human sensory system. One experiences, as it were, through the 
mind instead of through the body. The similarities to Plato are quite obvious in 
the emphasis on abstract thinking and that we only experience a model of 
reality. In this relation, it is only possible to gain knowledge about reality by 
reflection. 

An alterity relation is differentiated from the other two relations in that the 
technology is a unit in itself. More precisely, the technology is neither part of the 
human nor the world, it has a life of its own. An example of this occurs when 
something unexpected happens during the use of a computer. 

VR and AR can be said to break down Ihde's differentiation between 
embodiment and hermeneutic relations. At least it is not possible to put them in 
either of the categories, whereas they can be considered to belong potentially to 
both kinds of relation. In terms of the relation to the external world, as in a 
hermeneutic relation, VR, and especially immersive VR, is only a 
representation, a model that could either be a representation of the real world or 
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a completely imaginary one. The model, as all models, does not include all the 
details of reality, only selected characteristics1. Yet in some VR models this is 
interpreted almost entirely by the bodily perceptual system, which makes it seem 
like an embodiment relation. Ihde seems to assume that a model has to be 
conceptually interpreted rather than perceived directly as it can be, and mostly 
is, in VR. AR, on the other hand, appears as an embodiment relation in terms of 
the external world, in that you experience the real world and not a model. Still, it 
may appear as a hermeneutic relation because the superimposed information has 
often to be interpreted conceptually. 

Instead of just have these two kinds of relation, embodiment and hermeneutic, I 
suggest that these relations are split along two different dimensions: relation to 
the external world and how the user interprets reality (Table 3.1). This 
classification is similar to Milgram's taxonomy of the relations between VR and 
AR (Milgram and Kishino, 1994; Milgram, Takemura et al., 1994)2. 

Directly 
experiencing 
reality 

Indirectly 
experiencing 
reality 

Conceptual 
interpretation 

Typical AR 
application 

Reading a novel 

Perceptual 
interpretation 

The blind mans 
stick 

Typical VR 
application 

Table 3.1 Two dimensions in relating to technology. 
The first dimension indicates the relation to the outside world with which 
technology provides the user, i.e. whether the user is experiencing the real world 
or a model The other dimension shows how the user understands the world 
through the technology, i.e. whether it requires conceptual or perceptual 
interpretation. A pure embodiment relation in Ihde's terminology is the user 
experiencing external reality directly and interpreting the experience 
perceptually, e.g. the bottom left square of the table. Similarly a hermeneutic 

1 For a more detailed description see for example Lindh & Waterworth 1999, and Wartofsky 
1979. 

2 Milgram (Milgram and Kishino, 1994; Milgram, Takemura et al., 1994) differentiates 
between the real environment, a virtual environment and a mixed reality. In addition he also 
outlines a taxonomy for mixed reality where the three different axes are reproduction fidelity, 
extent of presence metaphor and extent of world knowledge 
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relation is the user interpreting a model of reality conceptually, e.g. the top right 
square of the table. 

Perhaps Ihde's alterity relation could be understood as the other two squares, 
where I have put typical VR and AR applications. In both VR and AR the 
technology is a separate unit, with which the user has some kind of dialogue, 
either bodily or by using some kind of language, and the technology may be 
unpredictable. But at the same time the technology could be part of the user or 
of reality. Consequently, these types of application can be seen as a mix of 
Ihde's three different kinds of relations, with the emphasis towards a particular 
type of relation depending on how the technology is designed and used. 
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4. Learning and Memorisation 

The first part of this chapter focuses on views of learning, from a perspective 
that frames learning as the acquisition of skilled behaviour. The second part 
addresses the issue of how we acquire and organise information in memory, 
with a particular emphasis on mnemonic techniques developed in ancient times. 
A common theme is the importance of perceptual processes and mental imagery. 

The two parts together provide another part of the background to designing 
perceptually-seductive technology in a way that is likely to enhance 
memorisation and learning skills, which is obviously particularly important 
when PST is applied to educational settings. 

4.1 Learning and skilled behaviour 

People learn throughout life, the newborn has to learn a great many sensori
motor skills, children learn to talk, cycle and a lot of knowledge in school, we 
learn a profession, to be a wife or husband, to look after children. Even old 
people have to learn to stop working and adjust to the new lifestyle of being old 
with everything that involves. All of this shows that learning has a very central 
position for human beings - to be human is to learn. Education can be said to be 
a controlled way of learning, as for example in today's school system from early 
age to different kinds of higher education and separate courses for adults. 

To learn is also a challenge. And challenges can be exciting and fun, but on the 
other hand they can also be very frightening. As a teacher or a designer of a 
learning environment it is very important to try to create the right atmosphere 
and try to encourage the learner to see the challenge as exiting and fun. This is 
not an easy task though, where there is a simple recipe to follow. A lot of 
theories have been developed to describe what learning is and how it happens, 
but there is yet no agreement about what it is and how it should be done. 

4.1.1 Views of learning 

As within almost every area of psychology there are several ways of 
categorising learning. There also exist many theories of learning and there are 
probably several more to come in the future. Researchers and theorists in the 
area have widely differing views of what learning is and how it happens. Some 
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regard learning as an individual phenomenon, others describe the social 
dimension of learning while others take the cognitive science approach to 
learning (Table 4.1). In the rest of this Section, I discuss various views of 
learning that are particularly relevant to my theme. 

Theory of 
learning 

View of learning 

Classical 
theories 

Individual phenomenon from a philosophical 
view point 

Behaviourism Individual phenomenon that views learning 
as a result of actions of the environment in 
which the learner plays a passive part 

Sestalt 
theory 

Individual phenomenon that stresses 
pattern recognition 

John Dewey Individual phenomenon that stresses the 
importance of active experiencing the 
environment 

Jean Piaget Individual phenomenon that takes a 
biological approach 

Social 
aspects of 
learning 

Stresses the importance of the social 
dimensions of learning 

Cognitive 
science 
approach 

Uses the computer as a model to 
understand human mind and learning. 

Table 4.1 Theories of learning. 
The views of John Dewey, 1859-1952, are particularly relevant, although they 
are hard to categorise according to a specific theory. This is because his views 
have connections to several other more general learning theories. He believed in 
Darwin's theory of evolution and that humans develop characteristics that have 
contributes to the survival of the species. In accordance with Darwin's theory of 
evolution Dewey assumed that thinking and learning evolve because they are an 
important function to humans, they provide the means for survival, as for 
example escaping from danger by foreseeing and solving problems. 
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Dewey criticised the school system as too theoretical. In his view thinking and 
learning is stimulated by giving the students a problem to solve, and especially if 
the learner is interested in the problem. A learner is engaged in learning when he 
or she is both mentally and physically active. This does not mean that learners 
cannot gain information from teachers. On the contrary, teachers should provide 
the learners with information, but that information will only be stored (not used) 
until the learner can use that information to solve a specific problem (Dewey 
1966). He stressed the importance of first hand experiencing and that learning 
happens because of doing and experiencing in the world. 

The method of learning, according to Dewey, starts when a problem arises for a 
person (Figure 4.1). This makes the person start to think. First the learner has to 
formulate the problem clearly. When he understands the problem he starts to 
explore different possibilities to solve the problem. Next step is to go deeper into 
understanding the problem in order to find a good solution. In order to do that he 
examines the different elements that are part of the problem. Furthermore he 
checks against prior knowledge and understanding, to find out it there is 
something that could be used, modified or that could clarify the problem or 
solution further. With all this as a base it is possible to form a plan of action to 
take in order to solve the problem. This leads to formulating a final hypothesis 
about the solution that can be tested. The hypothesis is tested and the result of 
the test is new knowledge. The outcome of the whole process is an 
understanding of the connection between action and its consequences, but most 
of all is the result that the learner has gained some new knowledge. 
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Figure 4.1 Dewey's method. 

To summarise, Dewey stresses the point that the learner should be active, 
experience the problem and use old knowledge and information in order to come 
up with a solution that is tested. 
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Most theories of learning from within psychology view the learner as a more or 
less solitary investigator. In order to broaden the perspective there arose theories 
that included social aspects and that emphasised the importance of the social 
dimension of learning. The basic idea behind these theories is that learners 
belong to a social group that they communicate and interact with. John Dewey 
acknowledges the social nature of learning when he criticised teachers for 
keeping the students isolated at their desks. In doing so Dewey was of the 
opinion that this was to neglect that the school as a community (Dewey 1966). 
He pleaded for learners to work in a group in order to gain better learning, 
although he was not specific about how this helped. 

Leo Vygotsky (1896-1934) criticised Piaget's stages of development for being a 
too static indicator of the intellectual tasks that a child could achieve by itself. 
He was more interested in a child's learning potential, e.g. what a child can 
achieve with the guidance of a peer or an adult (Vygotsky 1978). He called this 
the zone of potential development. 

Vygotsky considered the ability to imitate to be the key factor in social learning 
and especially in young people. More recently, Albert Bandura put imitation in 
the centre of his social learning theory (Bandura 1970). In the last decade, 
Activity Theory, largely based on Vygotsky's views, has become an influential 
approach to understanding how technology can be used to support people in 
achieving their goals, especially in relation to learning (see e.g. Nardi, 1996). 

The distinction is often made between two main types of learning, conceptual 
and perceptual (or sensori-motor) learning. But these two different types should 
perhaps not be seen as two distinct types, but as two ends of a continuum 
(Figure 4.2), and this is a view which has gained popularity. And in recent years, 
many researchers have stressed the importance of perception in conceptual 
understanding, especially those from the cognitive linguistics movement (e.g. 
Fauconnier, 1985; Johnson, 1987; Lakoff, 1987). The importance of this for 
creativity has also been stressed recently (e.g. Barsalou and Prinz, 1997; 
Kovordänyi, 1999). 

Conceptual learning is regarded as acquisition of knowledge that demands 
logical and abstract thinking. The learner uses mostly his mind in the learning 
process. This view of learning is quite common within today's education, as for 
example learning mathematics and pure theory in our Swedish school system. 
Traditional learning within education, like this, could be characterised as 
language based learning since it is mainly based on the idea of purely linguistic 
learning. In accordance with the idea that knowledge is mainly based on abstract 
thinking this type of learning stresses the objective and more or less excludes the 
subjective and personal side of reality. 
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Figure 4.2 Conceptual vs. perceptual learning spectrum. 

On the other side of the spectrum is perceptual learning that could be described 
as mastering a skill. In this type of learning the learner uses her body more than 
her mind in the learning process3. A typical example in this category is to learn 
to ride a bike without any instructions beforehand. A newborn baby learns to 
suck for food by perceptual learning, they learn to crawl and walk by using the 
technique of perceptual learning. Perceptual learning, in contrast to conceptual 
learning, is regarded as subjective and very personal - which implies that the 
learning process is very individual. 

Somewhere in the middle of these two extremes is, for example, learning a 
foreign language by both learning rules and practicing at the same time. In this 
case the learner has to use both his mind and body, e.g. both instructions and 
theory and to practise the skill. There exist very few if any examples at the very 
ends of the scale, and most learning takes place somewhere along the 
continuum. As already mentioned, recent views emphasise the importance of 
perceptions in conceptual understanding. The next subsection looks at the more 
perceptual end of the learning spectrum - the acquisition of skilled behaviours. 

4.1.2 Skill acquisition 

Rasmussen (1986) describes a similar model to Fitts and Posner's early work 
(Fitts and Posner, 1967) in that he describes three different levels of control of 
human actions, skill-based behaviour, rule-based behaviour and knowledge-
based behaviour. He claims that an expert has skill-based behaviour and that 
behaviour takes place at a more or less unconscious level then. A novice on the 
other hand uses knowledge-based behaviour that is at a conscious level. The 
boundaries between the three stages are not distinct, but more like a continuum. 

3 All learning involves the mind. I use the word "body" as shorthand for mastering bodily 
skills, even though the necessary acquired knowledge is also stored in the mind. 
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Skill-based behaviour indicates a sensori-motor or other performance that occurs 
without conscious control. An effect of that is that this behaviour is smooth, 
automatic and integrated into the flow of ongoing behaviour. We perform this 
type of behaviour semi-conscious or even unconsciously. The information that is 
used at this level is time-space signals, which communicate directly with the 
body in carrying out physical actions. Processing at this level is data-driven and 
so feels instinctive. 

The next stage, rule-based behaviour, is oriented towards a certain goal and is 
controlled by the execution of stored rules. This indicates that the rule is selected 
from previous experience of behaviour that has been successful. Information 
exchange between the human and the environment is expressed in signs. Signs 
can only be used to select or modify the rules that control a sequence of stored 
subroutines. Consequently signs can only be used for "external" processing and 
not internally in the human for functional reasoning. 

It is hard to clearly define where the border is between these two stages, but it 
depends on the one hand on the level of training and on the other hand on how 
much attention that is needed. The more it is trained and the less attention that is 
needed the more it regarded as skill-based behaviour. 

Knowledge-based behaviour is used when a human is in an unfamiliar situation. 
The performance is goal-directed and the goals are formulated after an analysis 
of the environmental situation. A person at this stage usually develops several 
plans, among which one is selected and tested against the goal. This kind of 
behaviour demands conscious capacity and requires a high degree of attention, 
which entails that it is relatively slow and prone to errors. At this stage 
information in processed inside the mind by manipulating symbols, e.g. internal 
processing. Symbols are used in reasoning to predict or explain unknown 
behaviour in the environment. This implies that symbols are concepts that are 
tied to functional properties and used for internal processing only to think and 
reason about a situation. 

Rasmussen's three levels can be seen in relation to the type of skills involved 
and also the type of relation they bring about between a person and the 
environment or technology, according to Ihde's (1990) classification (Figure 
4.3). Skill-based behaviour usually involves an embodiment relation between 
the human and the outside world. It indicates that it is data-driven and more or 
less unconscious in that it is more or less automatic behaviour. 
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Figure 4.3 Different kinds of human skill 

Knowledge-based behaviour, on the other hand, mostly implies a hermeneutic 
relation where the human interprets abstract symbols to reason and think about 
the world. This is typical in traditional learning that stresses abstract thinking, 
which in turn places high demands on human consciousness. 

A typical novice learner uses knowledge-based behaviour to learn. He or she has 
to exploit almost all of their available attention span in the learning situation, 
which is very tiring and cannot be done continuously for a long time period. 
After becoming more and more skilled in the object of learning the learner is 
able to use more rule-based behaviour. An expert - somewhat paradoxically -
does not have to use consciousness in performing the learned task, it happens 
more or less unconscious. This indicates skill-based behaviour, which is very 
fast and causes very few errors. Behaviour like this is data-driven via signals 
between the human body and the environment. The somewhat surprising result 
is that experts cannot necessarily explain the basis of their own expertise. 

The development of skills can also be explained in accordance with Dreyfus and 
Dreyfus's (1986) five stages of skill acquisition (Figure 4.4), which provides an 
explicit link between the perceptual and the conceptual ends of the learning 
spectrum. They differentiate between know-that and know-how knowledge. 
Know-that signifies that the knowledge that it is possible to express in facts and 
rules. Opposite to this is know-how that denotes knowledge that is impossible to 
express in facts and rules, for example bodily skills such as balancing on a pair 
of ice skates. Consciously attending to this kind of task actually deteriorates 
performances based on this kind of knowledge. Dreyfus and Dreyfus's (1986) 
five stage of skill acquisition are placed on this spectrum from know-that to 
know-how. 
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In the first stage of acquisition novices learn simple context-free objective facts 
and simple context-free rules that apply to the facts. The novice learner lacks a 
coherent overall view of the task and has to use most of her attention to 
concentrate on and perform the task. Allwood (1989) claims that the knowledge 
a novice uses when interacting with a computer for the first time is of this 
descriptive, declarative character. 

Know how 

Krww that 

Competence 

Figure 4.4 Five stages of skill acquisition 
Cognitive properties of a novice include both properties of the knowledge they 
possess and the strategies they make use of when exploiting that knowledge. 
According to Hammond and Barnard (1984) the novice user, in particular, has 
multiple partial models of a system. This means that novice users' knowledge 
consists of relatively independently packaged fragments of a restricted sphere of 
applicability. When users have constructed these fragments of knowledge they 
can have problems accessing the right fragment in the right context, because 
they are unable to identify the right context. A rather large amount of research 
has been conducted to establish the cognitive properties of computer novices, 
but less known about other novices' psychological properties (Allwood 1989). 

An advanced beginner, at stage two, starts to learn more context-free facts and 
more sophisticated rules. An individual at stage two even starts to recognise 
elements that are present during experience, for example a mother can recognise 
her baby's cry, but not explain why by using learned facts. 

A competent person gets overwhelmed with context-free and situational facts, 
and starts to miss a sense of relative importance amongst different facts. A 
person at this stage has a goal in mind and sees the situation as a set of facts and 
that the importance of facts depends on the presence of other facts. A competent 
person makes conscious choices of goal and decisions after reflection and is 
emotionally involved in this process. He or she dares to break rules in order to 
achieve the goal and feels responsible for the outcome of his or her actions. 
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When a learner has reached the stage of proficiency he or she is deeply involved 
in the task. He or she experiences the task from a specific perspective that is 
based on recent events. Furthermore he or she has gained a lot of know-how and 
trusts his or her intuition more, but still thinks analytically about what to do in 
different situations. 

Experts in contrast to the other stages know what to do because of a mature and 
practised understanding of the object in question. The actions become, as it 
were, part of him or her and he or she performs them more or less unconsciously 
which results in a fast and fluid performance. 

In similar vein, Norman (1993) differentiates between two kinds of cognition, 
experiential and reflective. Experiential mode is when we perceive and react to 
events efficiently and effortlessly, while reflective mode is when we have to 
reflect, think and make decision, which leads to new ideas and novel responses. 
Experts use experiential mode, in fact this kind of mode is the key component of 
efficient performance. Novices use reflective mode most of the time. But as 
Norman points out these two modes are not completely independent nor do they 
capture all gradations of thought. Reflection is more difficult than experiential 
mode because it requires structure and organisation. Experiential mode on the 
other hand can be practised simply by experiencing it, and it is often enjoyable. 
But the best way to learn is probably by combining both modes. 

4.2 Memory and mnemonics 

We believe that early human communication was instinctive and unreflective. 
The development of language improved communication, co-operating and 
collective problem solving. This required an increase in abstract reasoning, a 
long path leading to philosophy and science. But at the same time, concrete 
reasoning still went on in the arts, drama and sports. There was a split between 
conscious doing and conscious being (Waterworth 1999a), where the two parts 
were differently emphasised in different individuals. 

With the appearance of language, implicit knowledge transfer between 
individuals became possible in oral form. Written language appeared that made 
it possible to transfer knowledge into other kinds of storage media than human 
memory. We started to rely more on external memory. External memory 
augmented human memory, giving us the ability to have access to an almost 
infinite amount of knowledge, but at the expense that the external memory was, 
until very recently, heavy to carry and space consuming. True knowledge 
became associated with abstract thinking, or what has been called conscious 
doing, but at the same time it was acknowledged that some individuals belonged 
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at the other line, of conscious being. This has led, as it were, to a separation of 
the body and the mind where the physical doers, as for example artists, have 
time to ponder the meaning of life. In contrast the mental doers, for example 
scientists, are too busy creating the scientific explanations of physical reality to 
waste time on metaphysics (Lindh and Waterworth 1999). New information 
technologies, such as VR and AR, offer some promise of rectifying this 
imbalance. 

The conclusion of this chapter is that what is known about acquiring skills, 
combined with a knowledge of the ancient art of memory, suggests a way of 
designing new information technology that provides a more natural balance 
between conceptual and perceptual processing than is generally the case. In 
essence, the suggestion is that information can be easily memorised by being 
stored along with well-developed, but not necessarily related, skills. In other 
words, conceptual memory can be anchored in perceptual skills - for example 
by associating facts, with familiar images of places. Information technology can 
be used to support this process, for example through the simulation of 
memorable places. 

4.2.1 The history of memory as an art 

"the man with a trained memory has an advantage over others 
which will hel p him get on in a competitive world" 

Yates 1984 

The art of memory was a part of rhetoric involving techniques to improve a 
speaker's memory. An unknown roman teacher of rhetoric compiled a textbook, 
circa 86-82 B.C. The book, Ad Herennium, goes through the five parts of 
rhetoric (inventio, dispositio, elocutio, memoria, pronuntiatio). The author 
claims that memory is " the treasure-house of inventions, the custodian of all the 
parts of rhetoric". According to him there are two kinds of memory, natural and 
artificial (Figure 4.5). Natural memory is born in our mind simultaneously with 
thought, whereas artificial memory (by which he did not mean external to the 
mind of the individual) is strengthened or confirmed by training. The book 
discusses almost exclusively artificial memory and almost nothing about natural 
memory - since natural memory cannot be improved. This thesis also deals 
almost exclusively with artificial memory and how we could use information 
technology to improve learning in various settings, especially educational. 

Artificial memory techniques are based around places (loci) and images. 
Simonides of Cea (c 556 - c468 BC) was the first to reminisce about loci. A 
place (locus) is easy for the memory to comprehend - as for example a house, a 
corner of a building, or an arch. Images are forms, marks or representations of 

42 



4. Learning and memorisation 

something that we wish to remember. Yates (1984) describes the art of memory 
as something like inner writing, because those who are familiar with the letters 
of the alphabet can write and read. The same applies to the art of memory in that 
those who have learned mnemonics can put information they hear in places and 
then obtain it from memory later. 

Figure 4.5 Ad Herennium 's view of the memory. 

Ad Herennium technique to learn a large amount of information involves 
starting with a large number of places. The places have to form a series and it is 
important to remember the series in that order, so that it is possible to start from 
any location in the series and move either forwards or backwards from the 
starting point. It is very important how the formation of places is done because 
the same set of places can be used several times. At each place, images are 
placed with the information to be remembered. If the stored images are not used 
their memory will fade away, but the places remain and new images can be 
stored in them. 

One method to make sure that you remember the order of the places is to give 
every fifth locus some distinctive label. There are five rules for choosing places. 
First, places should be located in quiet spots, preferably in an empty and isolated 
place because a lot of people in the places will weaken the impressions. Second, 
places ought not to be too much alike since resemblance will confuse the ability 
to remember them. Third, places could not be too large nor too small, but of 
moderate size, because if they are too small the arrangement of images will be 
too crowded and if they are too big the images will be vague. Fourth, places 
must not be too brightly lit nor too obscure, because it is important that the 
places can be seen clearly. Fifth, the interval between places must be of 
moderate extensiveness, "for like the external eye, so the inner eye of thought is 
less powerful when you have moved the object of sight too near or too far away" 
(Yates 1984, page 23). 

Noterai memory Artifksol memory 

fà&ïmry 
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The first rule of images, according to Ad Herennium, is that there are two 
different kinds of images, things [res] and words [verba] (Table 4.2). Things are 
the general point of an argument, a notion or a thing, and the right order of that 
argument, notion or thing. They are also the content of the speech and are used 
to recall the right order of an argument, a notion or a thing. Words, on the other 
hand, denote exact remembrance of particular items. It is language that describes 
the content of the speech, and it is used to memorise every single word in the 
right order. This means that language is an exact recall of the image, as 
described in a particular sequence. 

Images are where the actual information is stored. According to Ad Herennium, 
the images ought to arise emotional affects. To achieve this the images should 
be striking and unusual, for example beautiful, hideous, comic or obscene. 
Thomas Aquinas declares that a man cannot understand without images because 
an image is similar to a bodily physical thing and understanding is universal and 
has to be abstracted from particulars (Yates 1984). 

Things [res] Words [verba] 
Image to remind of an 
argument, a notion or a 'thing ' 

Image to remind of a single 
word 

The subject matter of the 
speech 

The language in which the 
subject matter is clothed 

Is used to remind only of the 
order of arguments, notions or 
things of your speech 

Is used to memorise every 
single word in it and also in the 
right order 

Table 4.2 Different kinds of images. (Based on the description in Yates 1984) 
According to Thomas Aquinas there are a few things that can help humans to 
remember well. First one should dispose the thing to be remembered in a certain 
order. Secondly one ought to attach the things to remember with affection. 
Furthermore a person must reduce them to unusual resemblance. Last but not 
least one must repeat them frequently through meditation. 

During the fifteen and sixteen century artificial memory was usually based on 
three different types of place system: the cosmos, the signs of the zodiac and 
real places or real buildings. 

Guilio Camillo "il Delminio" (1480-1544) become famous in Europe because of 
his never finished Memory Theatre, It was a wooden theatre crowded with 
images, and contain all of the world's knowledge. King Louis XII of France 
claimed to know its full secrets. The outline of the theatre is a half circle that 
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consists of seven rising grades and seven gates (Figure 4.6). The theatre is 
sustained on seven pillars, one pillar in front of every gate. These seven pillars 
represent the seven pillars of Solomon's Temple of Wisdom. Entering the 
memory theatre could be seen as entering Solomon's Temple of Wisdom where 
the mind can move in either direction: up to the supercelestial worlds of ideas, in 
the theatre represented by the first row and up to the stage, or down to the 
subcelestial and elemental worlds, in the theatre represented by the rows 
upwards. In ancient theatres the custom was that the most important people sat 
in the lowest seat, and the theatre is based on this idea, where the supercelestial 
worlds are the first row and the stage and the upper rows represent the 
subcelestial and elemental worlds. The first row represents the planets, which 
were believed to guide life. Six of the seven planets Diana, Mercury, Venus, 
Mars, Jupiter and Saturn represent the first grade, and the middle section where 
Apollo should have been represented switched place with the second row, 
represented by the Banquet. The seventh planet, Apollo has moved because of 
that to the second row. The reason for this switch is that it facilitated the mind to 
move in either direction and because of that it could be seen as the doorway 
between the two, probably influenced by alchemy. Camillo changed the order to 
bring out the importance of the Sun. On each of the gangways there are seven 
doors that are decorated with many images. 

Figure 4.6 Camillo's memory theatre (sketch based on Yates 1984). 

The second grade is represented by the Banquet, which stands for the water of 
wisdom. Camillo's theatre represents the creation of the universe through 
different stages where every grade represents a stage in the creation process. The 
third grade, represented by the Cave, stands for creation e.g. the mix of elements 
to form created things. At the forth grade man is created, but it is only the inner 
being of man, his mind and soul. On the fifth grade the body of man is created 
and joined to the soul. The sixth grade represents when memory is awakened 
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and recognises all the operations that man can perform naturally. On the last 
grade, the seventh, are all arts, both noble and vile (Yates 1984). 

Ramon Lull (1232-1316) left behind a huge amount of writings about the art of 
memory, although some of the material is still not published. Lull used different 
things as place systems. A couple of examples that he used are a tree as a place 
system and a ladder for ascent and descent. He also used a circle with letters as a 
memory place system (Figure 4.7). This place system is called the ?Af figure and 
shows the letters B to K set out around a wheel, with the letter A in the centre. 
The letters are joined by a complex triangulation. Many of these ideas are based 
on mysticism, religion and cosmology, which is also true for ideas in general 
within the art of memory. 

A development of the fAf figure and also the most famous of his figures is the 
Combinatory Figure where the outer circle, containing the letters B to K, is 
stationary. Inside this circle reside two other circles, similarly inscribed, but 
these two circles revolve and in that way combine the letters in the three 
different circles. 

&ÖN1TAS 
80sim 

Figure 4.7 Lull's circle as a place system (sketch based on Yates 1984). 

Another famous name within the art of memory is Giordano Bruno (1548-1600). 
He based his memory system around the twelve zodiac signs. Influenced by 
Lull's wheel, Bruno's wheel contained thirty letters and with inner wheels 
containing different sub groups (Yates 1984). In his last work Bruno combined 
three different systems. The first part describes an architectural system that used 
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a sequence of memory rooms in which images are placed. In the second part 
Bruno describes a celestial system that consisted of twelve figures or principles 
that are the causes of all things. Finally in the third part he outlines the thirty 
seals that connect it all. 

Robert Fludd (1574-1637) differentiates in his work on memory between the 
"round art" and the "square art". The round art, which is superior to the square 
art, uses magical and celestial images while the square art uses corporeal things 
such as buildings, men and animals. He combined the two by means of locating 
the real (square) buildings in heaven (the round). This combination he entitles 
'theatres'. Fludd defines a theatre as a stage where comedies and tragedies are 
played (Yates 1984). These public theatres are reproductions of theatres where 
works of Shakespeare and others were played, with doors, windows, a balcony 
and so on (Figure 4.8). In contrast to Camillo, Fludd used the actual stage as 
placeholders for storing items in memory. Camillo on the other hand puts the 
placeholders in the auditorium. 

Similar work with reality as a place system is Tommaso Campanella^ (1568-
1639) City of The Sun. The children of Sun City learn the alphabet of all 
languages by walking around with the Solarian priest looking at pictures that 
were placed as images on the walls. 

Psychological studies confirm the effectiveness of the method of loci, as 
assessed by recall scores, as compared to standard methods such as rote learning 
(e.g. Bower, 1970; Crovitz, 1969; Groninger, 1971; Phye & Andre, 1986; 
Roediger, 1980). 

Figure 4.8 An example of Fludd's memory theatre 
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4.2.2 Virtual and augmented spaces for memory 

Research in information visualisation has investigated the use of virtual space, 
with placeholders to store large amounts of information, since humans are 
thought to be very good at remembering and navigating in physical spaces. 
Some of these efforts made explicit reference to the historic memorisation 
techniques reviewed above. 

One of the first examples of using space to understand a particular set of data 
was the "Spatial Data Management System" developed at MIT's Architecture 
Machine Group (the precursor to the Media Lab), Cambridge Massachusetts 
(Herot 1980, Negroponte 1981). Even though they discussed ancient Greek 
memory theatres they did not follow this up by using spatial mnemonic 
techniques for learning. Another earlier work in the area was "Put That There" 
developed by Hulteen and Schmandt at MIT, Cambridge Massachusetts (Bolt 
1980, Schmandt and Hulteen 1982). Even though they also talk about memory 
theatres they do not us it in order to remember or learn things - rather it is used 
as a way of avoiding the need to memorise. 

Another early attempt at memory augmentation was the "Forget-me-not" system 
developed at the Xerox lab (Lamming and Flynn 1993). The members of the lab 
wore small badges that included personal information about the individual and 
small sensors were placed around the lab, to record information about each 
person. This information was then sent to the user's PDA when he was 
searching for information about a certain event, e.g. where he was at the time of 
learning a certain piece of information. The claim of the project was that this 
information was supposed to aid the user in recalling information. 

Robertson et. al. (1991 and 1993) also used animated 3D worlds to visualise 
large quantities of information with the aim of making the information more 
understandable. The applications helped in understanding data while one was 
looking at it, but it were not intended for memorising the visualised information. 

Brenda Laurel (1991) also used the concept of ancient Greek theatre in order to 
create more engagement in the user. She did not seem to include the idea of 
theatre to provide memory clues in a preliterate way of dealing with 
information. In ancient Greek theatre the actors had to remember everything, 
perhaps by placing the lines in the actual theatre. Laurel's aim in using Greek 
theatre here seems only to create a mystical environment, with the goal of 
evoking emotions and engagement in the user. 

The starting point for designing VR environments to support conceptual work 
are the studies of people who earn their living dealing with abstract concepts, so-
called "knowledge workers". One claim is that conceptual workers often use 
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physical space to create holding patterns for loosely structured collections of 
ideas (e.g. Mander et al. 1992, Kidd 1994, Marshall and Shipman 195, 
Waterworth 1997b). This also echoes the early mnemonic techniques of actors 
and orators (Yates 1984), but again without the memorisation element. In this 
case, the holding pattern preserves a perceptual arrangement that has been 
observed but not memorised, perhaps because of the work involved or because 
this arrangement has not yet been understood sufficiently abstractly for it to be 
classified. There is even a suggestion that when this knowledge has been 
"understood" enough to be filed away, it is ready to be forgotten - to become 
inaccessible to consciousness. This pattern holding behaviour of knowledge 
workers demonstrates how the abstract may sometimes be anchored in the 
concrete in the service of improved cognition. Another way of looking at this is 
as the embedding of the conceptual in the sensory-motor, the bodily side of 
perception. 

More recent work with memory theatre such as Harman (2001) and Mendoza 
(2000) uses the idea of old Greek theatres but without explicitly applying the 
idea to remembering and learning. 

All of these examples, even though they are based on the idea of and refer to 
ancient Greek theatres, use space as holding patterns for huge amounts, 
information. They do not use it for memorisation or learning. In fact they assert 
that if using these techniques you do not have to remember anything because it 
is all there as clues in space. But that means that the knowledge is only available 
when the technology is present. The user does not learn in this way, in fact 
mental skills of visualisation and memory are probably impaired. 

4.3 Summary and discussion 

Learning is an essential part of human life that happens during the whole 
lifetime. Several approaches have been developed throughout history to explain 
how learning happens. The great philosopher Plato claimed that learning is an 
individual passive process. Behaviourists on the other hand, were more 
interested in how humans acquire new behaviour, and in this way the teacher 
can lead the learner to behave in a certain way. One of the main criticisms of 
behaviourism comes from the gestalt theorists. They plead, in contrast to 
behaviourists, that learning is an active process where the learner plays the 
leading part. According to the gestalt view a human experiences the world in 
meaningful patterns - organised wholes. Even John Dewey viewed learning as a 
very active process, but he believed that to learn is to experience a problem and 
to use old knowledge and information to come up with a solution that is 
carefully tested. Piaget believed that humans learn in order to stay in equilibrium 
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with their environment. Social theories of learning emphasise the social nature 
of learning, and that humans learn because they belong to a group that 
communicates and interacts with each other. The cognitive science approach 
uses the computer as a metaphor to understand the human mind and learning. 

It is possible to differentiate between two different kinds of skills, conceptual 
knowledge and perceptual knowledge. Traditional learning usually stresses 
conceptual skill and this could be viewed as a controlled way of learning, while 
perceptual knowledge is the learning of sensori-motor behaviour, which is more 
or less automatic. Another difference between the two types of skill is that 
conceptual skills are language-driven and aimed at manipulating symbols 
internally in order to reason and predict unknown behaviours and events in the 
environment. Perceptual skill, on the other hand, is data-driven which indicates 
that the body communicates directly with the environment through signals. 

Several memory techniques are based on the classical ideas of storing 
information by use of places and images. There were mainly three different 
types of places, viz. based on the cosmos, the signs of the zodiac and real places 
of real buildings. Today it is well agreed that it is easier to remember 
information if it is mentally placed in a familiar space, as for example arranged 
in a present or visualised room at your house. Most established mnemonic 
techniques are in fact based on that assumption. For example if you are going to 
have presentation about your work you store the different parts of the 
presentation in a logical order in your home. Then during the presentation you 
just visually walk around your home along the predetermined way in your mind. 
By concentrating and looking at every place where you stored a part of the 
presentation you remember the stored item. This way of remembering 
information makes a person remember the general ideas and their relative 
position in the presentation, but it does not make the person remember the 
content exactly word by word. 

One common idea is to store information in a memory theatre. Two famous 
concepts are Camillo's and Fludd's memory theatres. Camillo's memory theatre 
is based on the magical number of seven. In 1956 Miller (1956) stated that a 
person only can hold the average of 7±2 units of information in short-term 
memory at the same time. In Camillo's memory theatre the viewer stands on 
stage and the places are located in the auditorium that consists of seven rising 
grades and seven gates. In Fludd's memory theatre on the other hand the viewer 
stands in the auditorium and look at the stage where the places are located. His 
theatre is a combination of round and square art, where round art are magical 
and celestial whereas square art is corporeal things such as real buildings, men 
and animals. These theatres where usually a model of existing theatres, where 
for example Shakespeare and others performed plays. Another type of 
implementation was for example Robert Lull's memory wheel that consisted of a 
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wheel that contained inner wheels. The inner wheels spin individually inside the 
outer wheels. 

Much research has been conducted to understand the differences between a 
novice's and an expert's knowledge, especially programming knowledge. A 
common approach is that information is stored as chunks in memory and that 
experts store knowledge in bigger and more coherent chunks than a novice does. 
All memory techniques are based on the idea of how to create as big chunks as 
possible. The idea of placing information in a series of places is to create big 
chunks according to a predetermined path. In this way the person only has to 
remember the predetermined path, which is very easy if it is based on a natural 
way of walking through the space, e.g. theatre, building, house or where ever the 
places are arranged. In this way the person could walk along the natural path 
without concentrating too much on the route, since this is already a highly 
practiced skill. When the person arrives at a place he or she can remember the 
specific information that was stored there. 

Creating a specific order within a place that could hold further places of 
information could even nest this further. This is very similar to the idea behind 
Lull's memory wheel, which consisted of a wheel that contained inner wheels. 

Human beings are in general very good at navigating in a familiar space and to 
remember their way around that familiar space. This fact can be utilised by 
using information technology to simulate spaces that can be used as 
placeholders to remember and learn different kinds of information. It would be a 
strength to enhance human conceptual skill by linking concepts through physical 
skilled actions in order to more efficiently and less effortfully remember 
different kinds of information. In this way IT can supports both memorisation 
and the learning of new concepts. The idea is to use information technology to 
support the process of effectively converting "knowledge in the head" into 
something like "knowledge in the world" (Norman, 1988) so that it can be easily 
memorised and remembered. Because people are so adept at physical skills and 
mental imagery, actions and images within a stimulating virtual space are 
readily internalised. The idea could be expressed as producing "knowledge in 
the world in the head". 

Recent theoretical research in cognitive science has stressed the importance of 
perceptual understanding, based fundamentally on physical experiences, to 
conceptual understanding (e.g. Lakoff and Johnson, 1980) and also to creativity 
(Barsalou and Prinz, 1997). 
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5. Emotion and the Conscious-Unconscious Distinction 

One of the most important elements of perceptually-seductive technology is 
emotion. Emotions seduce the user by creating engagement and a desire to use. 
Technology may create emotionally-arousing sensations in the user, producing 
motivation and interest. But too much emotion can also impede use and learning 
in educational settings. One technique to turn emotions on and off in a learning 
environment is by directing the learner to switch between absence and presence 
(Waterworth J. A. and Waterworth E. L., 2000). More details on this aspect are 
presented in the next chapter on creativity. 

Increasing the communication between consciousness and the unconscious is an 
important element of both creativity and learning. New insights often seem to 
pop into consciousness from the unconscious, and several accounts of creativity 
involve a phase of unconscious activity. When we learn a new skill, what was 
initially conscious gradually becomes unconscious. One way to control this two-
way traffic between consciousness and the unconscious is through the evocation 
of emotion. In this chapter, I briefly review various theories of emotion in 
relation to the conscious-unconscious distinction. This provides one ground for 
the discussion of creativity in Chapter 6, which in turn leads into the proposal 
for perceptually-seductive technology systems as a valuable new approach to IT 
design (Chapter 7). 

Emotion is a very difficult and poorly understood topic, yet the appreciation of 
its importance to various areas of study is gradually increasing. It has always 
played a major role in psychotherapy, as for example the emotionally toned 
complex in Jung and the abreaction and catharsis of repressed emotions in 
Freud's method (Hillman 1962). Sociology uses the concept of emotion to 
describe and explain, for example, political phenomena, propaganda, family 
relations, and shadow aspects such as prostitution. In theological research into 
faith and belief it is often referred to, especially with regard to the questions of 
enthusiasm and mysticism. Linguists use the term to discuss the meaning of 
words, as for example within semiotics, which analyses the connotation and 
denotation of a word. In business economics the concept is often used in 
discussions about marketing and the motivation of staff. Within human-
computer interaction there is a growing appreciation of the importance of 
emotion, and of the potential of utilising emotional cues in both directions -
from user to computer application, and vice versa (Laurel, 1991; Picard, 1997). 

Emotion often appears in debates about the conscious and the unconscious. It 
seems that there exists some kind of relationship between emotions and 
consciousness versus the unconscious. This chapter starts with a very brief 

53 



5. Emotion and the conscious-unconscious distinction 

discussion about the impact of consciousness and unconscious in emotion in 
order to set the stage for showing the importance of emotion in learning and in 
everyday creativity. Following, there is a brief overview of different types of 
model of emotion. The third Section of this chapter gives an impression of what 
affective computing is and how it could be applied within the framework of 
PST. 

5.1 Consciousness versus the unconscious 

There is an ongoing philosophical debate about whether we are conscious (!), 
what consciousness is and whether there is a spilt between consciousness and 
the unconscious. This work is not a contribution to that debate. Here, the ideas 
about consciousness and the unconscious are described in relation to how to 
increase engagement and creativity. According to Velmans (2000 p. 3) "Our 
conscious lives are the sea in which we swim, so it is not surprising that 
consciousness is difficult to understand' Consciousness is also often claimed to 
differentiate human beings from lower species of animals. Consciousness is 
used to refer to a state of wakefulness, while being in dreamless sleep or in other 
states such as coma usually denote a state of unconsciousness. These two can be 
seen as two different states of mind, since the mind exists even when we are 
unconscious. Sometimes the term consciousness is used to represent current 
knowledge, as being conscious of something indicates having knowledge of it, 
even though much knowledge is unconscious at any particular time, such as that 
stored in long-term memory (Velmans, 2000). 

We believe that the groundwork for exploring consciousness was laid out in 
prehistoric times. Ancient cave art shows that caves were used for magical 
purposes. It is claimed that the solitude inside the cave was a technique to 
initiate the person into exploring her own inner realms of being. Entering into a 
state of trance would make one more conscious or, rather, conscious of more 
(Mishlove 1993). Water is interpreted as the ancient symbol of the unconscious 
where man can stand on the shore or dive into the water (Cytowic 1993). 

René Descartes (1596 - 1650) stated the primacy of consciousness in modern 
philosophy with his cogito ergo sum, "I think therefore I am". It implies that one 
can only be certain of ones own existence through personal consciousness. Other 
animals, as supposedly unconscious creatures, were described as mere machines. 

The unconscious has been the topic of discussion throughout human history and 
it is a uniquely difficult topic given that it is very hard to define what it is, even 
to be certain if it exists or not. Dennett (1991) suggests that consciousness is 
simply what it is like to have a brain, which seems to imply that all mental 
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functioning is conscious. On the other hand, he also suggests that we are not 
actually conscious but are, rather, subject to the illusion that we are conscious! It 
is hard to reconcile these views with the subjective insight that much of what 
goes on in our brains is unconscious - monitoring and controlling bodily 
functions such as breathing and digestion are obvious examples. Dennett's 
position makes sense only from the materialistic standpoint of artificial 
intelligence (AI) research, from where there seems no rational distinction 
between the different parts of an information-processing machine that might 
correspond to the conscious-unconscious distinction. But while the distinction 
may indeed be irrelevant to AI, from a subjective, human point of view it is 
crucial and has a role in most areas of human life, including creativity, skilled 
performance, the arts, morality and the law. 

Sometimes the unconscious has been split up in parts, for example Jung's 
personal and collective unconscious or Durkheim's individual and collective 
parts of what he calls conscience (for a discussion about differences and 
similarities between Jung's and Durkheim's view of the mind, see Lindh, 2000). 

The relation between consciousness and the unconscious is very complicated. In 
this work I take the view that both aspects of mental life are important and 
related to each other. Figure 5.1 presents a gross oversimplification of their 
relations, to make the point that the "door" between the two may be closed, open 
a little, or even open wide; and this has profound implications. Conscious access 
to what is usually unconscious is often associated with the evocation of strong 
emotional feelings. 

Creative insights have also been associated with the activities of the unconscious 
mind (see also Chapter 6 on Creativity). Perhaps the most well-known example 
is that of breakthroughs following the experience of a particularly striking 
dream. If we take a Jungian perspective, we can account for this dimension of 
creativity in terms of the relationship between the conscious ego, the individual 
unconscious, and the collective unconscious (Jung, 1953-1979a). Linking the 
cognitive, abstract stream of thought with the physical, bodily stream (the 
underlying principle of the mnemonic techniques described in the last chapter) 
amounts to linking the conscious with the unconscious, since most bodily 
processing is unconscious. According to Jung, the goal of personal development 
is the expansion of consciousness to encompass more of the unconscious. Or, in 
terms of Figure 5.1, the goal is to open the door between the two as wide as 
possible. 
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Consciousness Unconscious 

Figure 5.1 The relation between the conscious and unconscious 
The ability to create conscious-unconscious links explicitly also suggests that we 
might take the idea of the collective unconscious seriously, and accept some 
kind of relationship between it and the physical world. From the Jungian 
viewpoint, such a relationship may potentially become conscious, and to support 
this, we should provide for casual, not causal relations between the two. This 
might be called the serendipity principle of creativity and has clear implications 
for encouraging creativity. To open the door to creativity, we should design for 
the human participant to be conscious of fortuitous links between the mental and 
the physical. We also need to provide as many alternative concrete 
representations of abstract ideas as possible, since each is partial and to an extent 
arbitrary. And we may wish to experiment with populating a VR with emotion-
arousing mythic objects and landscapes that are likely to encourage conscious 
access to the world of the collective unconscious, for example. 

The door between consciousness and the unconscious provides both 
opportunities and threats, however. As long as the unconscious remains so, we 
don't have to take responsibility for unconsciously motivated actions or how we 
put different pieces of information together. To be conscious in a decision or in 
a mix of pieces of information means that you as a person have to take 
responsibility for your actions and decisions. To mix new pieces of information 
together into "new" information is to some extent done unconsciously but to 
express that new mix and to communicate it to other persons means that you 
take responsibility for it and test it actively and consciously. This transfer of 
responsibility from the unconscious to consciousness is often associated with 
strong emotions, and constitutes what is sometimes called a psychological 
"breakthrough". When we are explaining something we make it conscious or 
take it to a higher degree of consciousness. There appear to be different levels of 
consciousness and of the unconscious. 

Creativity is, at least in part, the ability to let the unconscious mix different 
kinds of information and then transfer it to the conscious part of the mind, which 
can make a model of it and then see, explore and test that model. For this to 
work, it is important that the information is initially unconscious and 
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unstructured, so that mixing and selection can take place without consciousness 
setting the rules. Chapter 6 provides a detailed discussion of potential ways to 
stimulate personal creativity. 

Emotion can in some ways be seen as the doorkeeper between consciousness 
and the unconscious. If there is too little emotion evoked by an environment, the 
door will open wide so that consciousness has something to work on, but this is 
unlikely to be associations triggered by the current situation. If there is too much 
emotion evoked, on the other hand, the door will tend to close, so that evoked 
associations are kept out of consciousness (i.e., in psychoanalytic terms, 
repressed). 

Emotion is also the root of motivation. An idea or principle may be interesting 
or convincing but without attached emotion it is unlikely to be pursued with 
much force. Creativity typically requires persistence to produce useful 
outcomes. Emotion provides the motivation to persist until a solution is found or 
a puzzle solved. 

5.2 Models of emotion 

Emotions come to us without effort, but are difficult to control or avoid, and 
often hard to understand. Emotion is a very difficult and complicated topic, yet 
it plays a central role in human life and an increasingly important one within 
interaction research. Given that emotion is hard to study and analyse objectively 
there exists no homogeneous or agreed definition of the concept. 

Despite the fact that emotion is increasingly mentioned in the literature there 
exists no uniform or consensus definition of the concept. When somebody asks, 
"What is emotion?", the most common answer is a specific list of emotions, 
such as fear, hope, anger, disgust and pain, which are all examples of emotions 
and not a definition of it. A psychological dictionary 1958 even states that "it is 
almost impossible to define emotions apart from defining them in terms of 
conflicting theories" (Hillman 1962). In his masterly thesis on emotion, Hillman 
maintained that there is a general agreement about describing emotion as a 
complex state of the organism of varying intensity concerning "(a) widespread 
bodily changes, (b) a mental state of excitement or perturbation; (c) strong 
feeling; (d) an impulse (usually) towards a specific form of behaviour" (Hillman 
1962, p. 8). Still, there is disagreement about how to describe the complex state 
more exactly and there is disagreement about how to explain this complex state. 

There are naturally many different ways of categorising various approaches to 
emotion depending on the aim of categorisation. Here I follow Hillman's (1962) 
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categorisation. The first category of views is the various denials of the very 
concept of emotion. The denial takes different forms, denying the use of the 
concept, reducing the concept to other concepts, or polemicising against the 
concept as a thing that needs to be explained. These theories aim at defining 
what emotion is not. Hillman suggests that it is possible to draw two conclusions 
of what these views imply. Firstly, that the term emotion has lost its significance 
since it is not qualitatively different from other more basic activities of the 
human organism. Secondly, that because it is not possible to touch, point to or 
cut emotions they are not real but immaterial and because of that they are ghosts 
that cannot cause effects. The philosophy of Dennett (1991) and the psychology 
of Blackmore (1999) are modern examples of this kind of view. 

The next category is diametrically opposed to the above, because it views 
emotion as a distinct entity. Here emotion is seen as a substantially independent 
and distinct object that is not reducible to, nor an attribute or property of, other 
psychological functions. There are, for example, discussions about the number 
of feelings that a human can have. One suggestion is 1300 different kinds of 
feelings, whilst another is that there is no limit to the possible different emotions 
that may exist (Hillman 1962). Other writers proposed several basic elements as 
fundamental to emotional life. Jorgensen (cited in Hillman 1962, p. 40), 
following Descartes, suggested six: fear, happiness, sorrow, want, anger and 
shyness. Others suggest, for example, five, eight or eleven. In this category, 
emotions are seen as a functional unit of the psyche, or as Hillman (1962 page 
43) puts it; "emotions are not things, but there are such things as emotions". 

Emotions could also be considered as an accompaniment, e.g. an aspect, 
companion or result, of something else. A major problem with this category is 
the form of relation between emotion and its accompaniment. In order to explain 
emotion the relation also has to be explained, which has often proved 
impossible. 

Yet another class claims that the essence of emotion is to drive the psychic 
forces of the unconscious. In this class the emotions are explained through the 
concept of the unconscious, for instance Freud's writings on emotion and Jung's 
about emotional phenomena. Neither of them offers a single explicit theory of 
emotion, and what differentiates them is that Freud explains emotion from a 
neurological and biological background while Jung's view originates from 
medical psychiatry and his association with Bleuler. In this group of theories 
emotions are connected to drives and instincts, energy and quantities, conflicts 
and repression, mainly because of a structurally divided psyche. 

There are also a few categories that deal with emotion as questions of location -
where do emotions reside and how does that relate to what they are for? One 
category places emotion in the organisation of psychic life. Placing indicates 
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position within a scale of being, where particular positions are essential and 
primary while others are accidental and secondary. Here spatial concepts are 
used - such as central, inner, outer - for the reason that spatial concepts combine 
value and structure. According to Hillman (1962, page 97) by these accounts 
emotion is viewed as "the essence of life. Where emotion is, life is". Another 
category places emotion in physiological locations of the body. Some of the 
theories in this group identify intellect within the cortex and emotion in the sub
cortical structures that are more primitive such as the limbic system. These two 
parts are thought to have different value sets, for example according to 
Goldstein in terms of abstract and concrete functioning, and to Freud between 
ego and id. Other theories within this category place emotion in the blood, body 
or muscles. Yet another category that deals with the location of emotion claims 
that in order to understand or explain emotion one has to account for the whole 
situation in which it occurs. 

In another category emotions are viewed as representations, either that emotions 
are made up of representations, emotions evolve from representations or that 
representation occurs from emotion. These views of emotion have a direct 
relation to understanding learning. There is one side of a debate that argues that 
emotion has a bad effect on learning and another side that asserts that emotion is 
a necessary element of knowing. While agreeing that too much emotion can 
inhibit learning, as suggested earlier, it is difficult to imagine effective learning 
occur in a situation that evokes no emotion. 

Heiss's theory (described in Hillman 1962) regards emotion as a supplement to 
drive (basic instinctual force) applicable to higher functions. Here it is a carrier 
of experience and an intermediary between outer stimuli and inner drive 
mechanisms. Some see knowing as a process not only for the mind but also of 
the body (soul and flesh). However there is a general uncertainty about how 
emotion works in the creative process. Wordsworth expressed it thus: "/ have 
said that Poetry is the spontaneous overflow of Powerful feelings; it takes its 
origin from emotion recollected in tranquillity; the emotion is contemplated till 
by a species of reaction the tranquillity gradually disappears, and an emotion 
similar to that which was before the subject of contemplation, is gradually 
produced\ and does itself actually exist in the mind"" (W. Wordsworth, "Lyrical 
Ballads with Other Poems, Vol. 1 2nd edn., London 1800, cited in Hillman 1962, 
page 223). But although emotion seems to play an essential part in creativity, at 
least within art, it is not sufficient in order to be creative. 

How emotion is related to the creative process has been described differently 
depending on the model of emotion adopted. One view sees creativity as a result 
of emotional conflict. Another connects it to the unconscious, and yet another 
one views emotion as energy or motivation. There are also those who believe 
that creativity is the result of emotional purposive forces, or that representations 
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are what links emotion and the creative process. Within therapy emotion is 
believed to be curative, as it is creatively organising. It is assumed to be 
creative: producing, re-organising, integrating, and breaking down what is old 
and static. Consequently therapy aims not just at releasing emotion but at 
realising emotion. 

Viewing emotion as creative organisation can be understood in two different 
ways. The first regards emotion as the general homeostatic balance of a being. 
In this case it is emotion that keeps the equilibrium and restores it when a person 
has problems or conflicts. Then it organises and motivates behaviour into a new 
pattern of responses and adaptation in order to compensate for the old. The 
second model regards emotion as something beyond the idea of equilibrium, 
something that produces the totally new, which Kierkegaard called a "qualitative 
leap". 

Most existing views of emotion suggest that it is necessary for stimulating 
creativity, and for the motivation necessary to carry ideas through to produce 
creative outcomes. 

5.3 Affective computing 

Behind the concept of affective computing is the idea that it is possible for 
computers to recognise, express and even have emotions. Rosalind Picard 
(1997) develops the idea in her landmark book about affective computing. This 
area draws heavily on artificial intelligence and this points to a view of emotions 
as formalisable and programmable into a computer. Picard takes a broad view of 
the computer that includes not only the common set-up with monitors and 
keyboards, but also agents, animated interactive "creatures", robots and 
wearables. She believes that it is possible for computers to learn to develop 
emotions almost as infants do. 

According to Picard there are several application areas for affective computing, 
for example in entertainment, learning, preventive medicine, social development 
and consumer relations. Just to mention one, it could be used to help autistic 
people understand and respond in an emotional situation. Autistic people have 
problems with emotions; they cannot recognise other people's emotions and 
they lack the ability to express emotions and to have empathy. They are believed 
to lack emotional intelligence. Picard (1997) suggests that computers can be 
used to help autistics to develop certain emotional skills, as computers never 
lose their patience, as a human can do. The computer can walk the autistic 
person through different kinds of scenarios where emotions are likely to appear. 
One problem with this might be that autistics have a problem to generalise from 
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one situation and pattern to another, which implies that they require a new 
explanation for every situation and pattern. An application to train emotional 
skill for an autistic person could be in the form of game, exploratory worlds or 
social virtual scenarios. Picard is not clear though whether the computer also 
should have emotions or not. 

Another application area is learning, where the approach can be used, according 
Picard, to avoid negative feelings and support progress made. For example, at 
IBM Almaden Research Laboratory Ted Selker has built COACH, which is a 
system for learning the computer language LISP. This system gives the students 
emotionally adaptive feedback and results in better learning as compared to 
users who have to solicit help themselves (Selker 1994). Picard (1997) considers 
it beneficial if computers can learn to recognise the user's emotions and act 
upon them. Of course that might help the learner, but in view of the fact that 
emotions are not clearly understood it might be difficult to create such a system. 
Another application area that Picard suggests within the field of education is in 
analysing emotions between the teacher and the students. One example of this is 
what she calls the "classroom barometer", which recognises whether a student 
does not understand by detecting certain emotional behaviours. It remains to be 
seen whether students would respond positively to situations where their 
emotional state was monitored by the classroom computer system 

A more clearly useful application area is in synthesising text into speech. Today 
many people have problems communicating via text because of different kinds 
of problems such as blindness or paralysis. There exist computerised aids to 
translate written language into synthesised speech. The major problems with this 
approach are that people talk much faster than they type and that the affectations 
and emotions are not adequately expressed in the synthesised speech. Picard 
(1997) claims that an affective AI system could be used to recognise the 
speaker's affect and also to express intonations and affective cues in the speech. 
Lindh (1999), Waterworth E. L. & Waterworth J. A. (2000) and Waterworth E. 
L., Waterworth J. A. & Lauria (2001) suggest another approach to solve this 
problem. While Picard wants to express the emotions as they are but in a 
formalised form, Lindh and Waterworth et al. instead try to show affective states 
directly, through what they call embodied or perceptually-seductive 
communication. This signifies not trying to formalise emotions but rather to add 
visual or other displays that relate non-linguistically to the sender's emotional 
state. The hope is that this will establish perceptually-seductive communication 
between the participants (more details on PSC are given in Chapter 7). 

Obviously there are fears associated affective computing, such as the potential to 
mislead or deceive users, violation of privacy, inaccuracies in recognition of 
affect, and the manipulation of emotion. 
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Picard (1997) denotes the influence of emotion on bodily expressions as sentie 
modulation. Some of these expressions are apparent to other people, such as 
facial expression, voice intonation, gestures, movements, posture and studentary 
dilation. On the other hand other correlates of emotion are not obviously 
apparent to others, for instance respiration, heart rate, pulse, temperature, muscle 
action potentials, blood pressure, perspiration. 

5.4 Discussion about the role of emotion 

The concept of emotion is intriguing and there is disagreement about what it is, 
even how to define it. Simon (1967) emphasised that emotion is part of a general 
theory of thinking and problem solving. There is a consensus among scientists 
that emotion is not logical and that too strong emotions can harm rational 
decision-making, but on the other hand too little emotion can also harm 
decision-making. Damasio (1994) describes examples, from his patients with 
frontal-lobe disorder, who despite being highly intelligent make disastrous 
decisions or are unable to reach decisions, because of their lack of emotion. 
Unlike healthy individuals they do not even seem to learn from their mistakes. 
Emotions are also essential for natural human communication, particularly the 
capability to empathise and recognise emotions in others. 

I suggest that an application based on perceptually-seductive technology should 
trigger emotions in the user, but that does not indicate that the computer has to 
have or even express emotion itself. On the contrary, it is better if the computer 
does not try to express artificial emotions since emotion is such a complex area 
and is very poorly understood. How could it be possible to formalise the concept 
of emotions so that we can program a computer to express emotions usefully? 

In the overview of the different theories of emotion earlier in this chapter there 
are indications that emotion is closely related to the unconscious and even a 
suggestion that it is emotions that bring the unconscious to consciousness. In my 
view emotion is an important part of both learning (Chapter 4) and creativity 
(Chapter 6). Emotion provides motivation and has a role in access to the 
unconscious mind. I suggest in Chapter 7 that perceptually-seductive technology 
(PST) applications have to trigger emotion in order to engage the user and in 
order to facilitate everyday creativity through strengthening interactions between 
consciousness and the unconscious. 
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6. Creativity 

Creativity is an intriguing concept. Generally when speaking about creativity 
one thinks about artists, poets, writers, inventors and scientists who are seen as 
creative. But there is also another kind of creativity which all human beings 
possess, namely everyday creativity (Runco and Richards, 1997). This is similar 
to what Margaret Boden (1990, 1996) calls P-creativity (P for personal) as 
opposite to H-creativity (H for historic). Everyday creativity is a core part of 
humans dealing and coping with everyday life. A person needs to be creative in 
order to solve everyday problems, to learn useful things and to communicate. 
This implies that to learn is often to be creative, and also the opposite - that to be 
creative is often to learn. 

Creativity and learning are not identical. Creativity implies novel solutions or 
outcomes, in the case of everyday creativity novel approaches to personal 
problems for example. Learning implies continuation in time, a mental change 
that endures. But one may learn something that is not really a novel solution to a 
problem. And a novel solution may not endure in time, i.e. it may not be learned 
but rather immediately forgotten. Creative learning - producing novel 
approaches that endure over time - is the main focus of interest in this thesis. 

A few people have the natural (though unusual) ability to experience 
information through several senses at the same time, so-called synaesthesia. This 
phenomenon has been known to medicine for almost three hundred years, and 
the interest in this subject was highest between 1860 and 1930. In the beginning 
of the 20:th century people thought that synesthesia seemed to have a direct link 
to the unconscious. After 1930 it was more or less forgotten because psychology 
and neurology were premature sciences (Cytowic 1989). However, recent 
interest in two related areas - the nature of consciousness and the potential of 
multimodal technologies and media - have led to a revival in the consideration 
given to synaesthesia. As Richard Cytowic (1989) points out, synaesthesia and 
creativity are often found in the same individuals. 

Waterworth (1997) proposes a way in which new technologies, by allowing 
information to be experienced in a variety of vivid media and forms, expand the 
possibilities for creative inspiration. In other words, experiencing the same 
underlying information in different representations, and through a variety of 
sensory channels increases the range of concrete perceptions through which 
information is experienced - producing a kind of "artificial synaesthesia". These 
richer perceptions may then lead to more original concepts. For this to happen, 
as we will see below, there should ideally be both the feeling of presence 
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afforded by rich perceptions, and the absence of mind required to examine any 
resultant insights conceptually (Waterworth J. A. and Waterworth E. L. 2000). 

This chapter starts to outline some general models of creativity and discusses the 
idea of everyday creativity. Then the next part gives a rough idea of synaesthesia 
and an explanation of how knowledge about synaesthesia could give some ideas 
of how to present information to several senses at the same time and what 
impact that has on the individual. This is useful when designing an aid to assist 
creative learning, which is my main focus. After this follows a sketch of the idea 
of presence versus absence. Traditional secondary education tends to engender 
mental absence because it stresses abstract thinking, whereas recently developed 
information technology, such as virtual reality and interactive multimedia, tend 
to give rise to a sense of presence. I suggest that it is important to support both 
presence and absence. 

The chapter concludes with a suggested model for supporting everyday 
creativity - the "wheel of creative learning". 

6.1 Models of creativity 

Creativity is recognised as an important part of human life that improves and 
embellishes our existence. Everyday creativity is the individual and personal 
aspect of creativity that every person has within herself and that is a necessity in 
order to cope with everyday life. Margaret Boden defines creativity as "the 
ability to generate ideas or artefacts that are novel, surprising and valuable -
interesting, useful, funny, beautiful..., etc." (Boden, 2000). She (Boden 1990, 
1996, 2000) differentiates between two different kinds of creativity, P-creativity 
(P for psychological) and H-creativity (H for historical). P-creativity is an idea 
that is novel to the mind of the individual only while H-creativity is when the 
idea is novel to the whole of human history. According to Boden, this indicates 
that P-creativity is more fundamental that H-creativity, and that H-creativity is a 
special case of P-creativity. What is generally understood as creativity is what 
Boden denotes as H-creativity, meaning that it is something new and novel to 
the whole human history. It makes us think of people such as for example Bach, 
Einstein, Beethoven, Shakespeare, Picasso, Darwin, Babbage and the Beatles, 
who are all seen as being very creative people. Everyday creativity on the other 
hand is similar to what Boden refers to as P-creativity, and has much in common 
with learning, both educational and everyday learning, and problem solving in 
general. 

Mark Runco and Ruth Richards (1997) look at everyday creativity as a "general 
style of thinking, even of living". Creativity is "the essence of originality" in 
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everyday life. Runco and Richards argue that creativity is an important tool for 
people to adapt to their environment and to the changing world. By this view, 
creativity is an essential tool for survival that everyone needs. This suggests that 
all humans are everyday creative in order to cope with their daily life and learn 
novel approaches, from the day they are born until the day they die. In fact, 
humans need everyday creativity in order to survive in the world - it is part of 
being human, as opposed to relying purely on animal instincts and reflex 
responses. What is it that makes creativity evolve? According to Runco and 
Richards (1997) the generative process might be reflected on as an evaluation of 
information. Information here is interpreted in a general sense, and gaining 
information usually includes a segment of learning. 

Boden (1990) believes that creativity demands some kind of expert knowledge 
but also a large number of everyday psychological abilities such as for instance 
recognising, noticing and remembering. According to H Poincaré (1924) "to 
invent ... is to choose" but that does not necessarily mean that all the different 
combinations are present in the conscious mind. "Never in the field of his 
consciousness do combinations appear that are not really useful, except some 
that he rejects but which have to some extent the characteristics of useful 
combinations." (Poincaré 1924, p 80). Some parts of his proposed creativity 
cycle are unconscious and some parts are conscious, and he suggests that in 
order to be creative or to assist creativity there has to occur a switch between 
consciousness and the unconscious; both are essential. 

In order to analyse how creativity arises Poincaré introspected and described 
what happens when he is creative and gets an idea. He claims that the most 
striking is the "appearance of sudden illumination, a manifest sign of long 
unconscious prior work". This points to the idea that some work behind an 
invention is unconscious. But at the same time this unconscious work is only 
fruitful if it is preceded and followed by a period of conscious work. 
Consequently creativity is dependent on both conscious and unconscious work, 
and the collaboration between the two. Even though Poincaré was a 
mathematician, at the same level as Albert Einstein, he hypothesised about the 
importance of emotion in creativity. According to him, the most beautiful 
combinations are the most useful ones. Albert Einstein at one time said that 95% 
of creativity is perspiration and only 5% is inspiration, and that "the secret of 
creativity is knowing how to hide your sources". 

Einstein and Poincaré are creative people in the sense of unique creativity, what 
Boden calls H-creativity (1990, 1996, 200), which Runco and Richards denote 
as eminent creativity (1997) and Barsalou and Prinz describe as exceptional 
creativity (1997). Although the focus here is everyday creativity, I suggest that 
there is a continuum from the everyday to the exceptional, and that insights 
about the process of exceptional creativity can help us understand how everyday 
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creativity arises and might be supported. I suggest that what is exceptional about 
exceptional creativity is the people concerned, not the process itself. 

6.1,1 Poincaré 's four phases of creativity 

Poincaré (1924) distinguished four different phases of creativity, but it was 
Hadamar (1954) who later named them as preparation, incubation, illumination 
and verification (Figure 6.1). The first phase, preparation, involves a conscious 
attempt to solve a problem. This involves using familiar methods, but mostly 
without success. During this phase the problem is formulated, facts and 
materials are collected. Poincaré was of the opinion that since the attempt is not 
successful it is better to leave the problem completely and start to do other 
things. 

Figure 6.1 Four phases of creativity 

During the second phase, incubation, the work is done unconsciously while the 
conscious mind is focused elsewhere. While the person is doing something 
completely different the unconscious is working continuously to combine 
different possibilities, edit old solutions, create and try out new ones through a 
kind of unconscious mental modelling or simulation. According Poincaré the 
work done during the preparation phase activates potentially relevant ideas in 
the unconscious, that in turn are combined without the person being aware of 
that. Koestler (1989) was of the same opinion as Poincaré about the importance 
of the unconscious. Both Poincaré and Koestler explained creativity as the 
unconscious combining of ideas drawn from different domains. However only 
Koestler mentions anything about mental structures, that creativity makes use of, 
unconsciously guided by certain conceptual matrices. This is the reason why 
Koestler discards Poincaré's elucidation as mechanistic. Koestler believed that 
creativity requires more than just the automatic mixing of ideas. 

In the third stage, illumination, an idea appears through a sudden flash of 
insight. Poincaré says that a "sudden illumination [is] a manifest sign of long, 
unconscious prior work" (cited in Boden 1990, p 20). It indicates that the result 
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of the unconscious work becomes conscious in the mind, and the person 
becomes aware of the idea. Unfortunately these flashes usually appear when the 
person is in a place where she cannot take care of the idea. Most people claim 
that they get their most creative ideas in the wrong places, as for example in the 
bus, bed, and bath, or when they are out in nature, at an inconvenient time. 

Finally during the last phase, verification, the conscious mind takes over the 
problem solving again and the new insight is itemised and tested. Boden (1990) 
stresses the importance of exploration and evaluation in creativity. Both are 
important because the new idea must be compared and judged according to 
some pre-existing mental structure. The idea must also be interesting. 

6,1.2 Everyday creativity and mental life 

Koestler, unlike Poincaré, does not describe any particular creative faculty that 
is only granted to an elite. He tries to describe everyday creativity, the ability 
that every person has, in Boden's (1990) terminology P-creativity, and not a 
specific kind of expert skill. David Perkins, an educational psychologist, 
supports the idea that creativity does not require any specific power, but it is an 
aspect of intelligence in general. He sees creativity as grounded in universally 
shared psychological abilities, for instance memory, perception and the 
capability to perceive interesting items and recognise analogies (Perkins 1990). 

Barsalou and Prinze (1997) state that "mundane creativity graces everyone" and 
that "Although exceptional acts of creativity produce dramatic changes in 
human culture, mundane creativity underlies the general power of natural 
intelligence. Like exceptional creativity, mundane creativity involves the 
production of novelty. All humans produce new cognitions and behaviors all the 
time. Because we observe such novelty day in and day out, it fails to strike us as 
noteworthy. Nevertheless, mundane creativity is central to what it means to be 
human, and explaining it is at least as important as explaining exceptional 
creativity" (Barsalou and Prinze 1997, p 267). In effect, mundane creativity is a 
"work horse" that is the source of human achievement and also what makes 
exceptional creativity possible. 

In this work everyday creativity is defined as the combination of Boden's P-
creativity (1990, 1996, 2000), Runco and Richard's (1997) everyday creativity 
and Barsalou and Prinze's (1997) mundane creativity. Everyday creativity is the 
resourcefulness of everyday life. It is doing something new in the course of 
activity, both at work and leisure time. Two criteria for everyday creativity are 
that the activity involves innovative elements and that it is meaningful in order 
to cope with everyday life. It is not connected to a special skill, rather it is an 
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ability that everyone has. This indicates that one does not have to be very 
intelligent in order to be everyday creative. Moreover everyday creativity is an 
important human tool to adjust to the environment and changes in the world. 
Humans need to be everyday creative to learn, solve problems and deal with 
everyday life in general. 

Gelernter (1994) argues that human thought can be seen as a spectrum from 
low-focus thought to high-focus thought. High-focus thought is used for 
example in problem solving, when the thoughts are very abstract and 
concentrated on a specific clearly defined problem, whereas low-focus thought 
applies to thoughts that are not concentrated and have a dreaming character. 
High-focus thoughts are used in the first phase of the creativity cycle, 
preparation, when formulating the problem and collecting facts and material. 
These kinds of thoughts are also used in the verification phase when the idea is 
itemised and tested. Low focus thought could be seen as concrete thought, and 
according to Gelernter (1994) this kind of thought involves emotion while high-
focus thought does not. This view that high focus thoughts do not include the 
use of emotion is not generally accepted however. On the contrary, many people 
recognise emotion as an important part of both decision-making, which is based 
on high focus thoughts, and problem solving generally (see Picard, 1997). 

Norman (1993) differentiates between two kinds of cognition, experiential and 
reflective. In experiential mode we perceive and react to events efficiently and 
effortlessly, while in reflective mode we have to reflect, think and make a 
deliberate decision, leading to new ideas and novel responses. But, as Norman 
points out, these two modes are not completely independent nor do they capture 
all thoughts. Reflection is more difficult (i.e. effortful) than experiential mode 
because it requires some structure and organisation. Experiential mode on the 
other hand can be practised simply by experiencing it, and it is often enjoyable. 
When people use high-focus thoughts they also work in a reflective mode, while 
the use of low-focus thoughts brings out the experiential mode. 

Most of the traditional computerised aids for work and education support high-
focus thoughts and most of the time only stimulate at most two of the human 
senses, the faculty of vision and the auditory sense. These kinds of aid naturally 
encourage reflection and abstract thought. One disadvantage of this is that it 
limits human thought; since only information that is abstract, has important 
attributes and is closely related to the specific problem is accessible in memory. 
This kind of thought does not evoke emotion and does not appeal to all human 
beings; it is not an approach likely to stimulate creativity. 

One important aspect to consider when designing a computerised aid, in 
particular for education, is to support creativity since everyday creativity is 
important to the learning process. According to Gelernter (1994 p 79-80) what 
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happens when you are creative is that "Rather than beating your head against the 
wall of a difficult problem that doesn't yield to ordinary, methodical approaches, 
you discover a different way to see the problem; you conceive of the problem in 
new and different terms; you "restructure" the problem". This shows that you 
have to use low focus thoughts to be able to find analogies to the problem, and 
not to be so abstract in your thought about the problem. Nevertheless, to be 
creative and to be able to get a new idea includes the use of both low focus and 
high focus thoughts. 

6.1.3 Recent work on creativity 

West (2000) provides a useful summary of what is known about creativity and 
innovation at work. In line with the definition of creativity above, he sees the 
generation of a new idea as a cognitive process located within an individual. In 
general, people are at their most creative when alone, free from pressure, and 
feeling safe and positive. On the other hand, innovation often involves groups, 
and implementation is best done in teams. Innovation and its implementation 
often arise as a result of pressure or even threats from outside the group. We can 
see from this that very different conditions are needed to promote creativity 
versus the innovative implementation of new ideas. 

West suggests that individual creativity is inhibited when others question a new 
idea too closely or too soon, when they make fun of an idea, or when they ignore 
a new idea. An individual raising a new idea is socially vulnerable and can be 
easily deterred from following through to the innovation stage. Implementation 
of innovative ideas, on the other hand, generally requires diversity of knowledge 
and professional background. But there should also be a high level of social 
integration within the group. An innovative group that does not inhibit 
individual creativity will be one where individuals feel safe, with little 
competition between members. 

Shneiderman (2000) describes work to provide "user interfaces for supporting 
innovation", based on a four part process consisting of Collecting (learning from 
published work in libraries and on the Web), Relating (consulting with peers and 
mentors), Creating (exploring, composing and evaluating possible solutions), 
and Donating (disseminating results). This is a very general framework for all 
kinds of "creative work", but the focus in on rather mundane activities such as 
searching for relevant information, composing documents and other intellectual 
products, consulting with others, and visualising information. There is also a 
useful review of a few "creativity-enhancing" software tools, such as the Axon 
Idea Processor for producing "Mind Maps". 
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For an extensive survey of software for "creativity and idea generation", see 
Cave (1999). My work is based on the conclusion that, although useful for some 
purposes, such software packages provide only very limited support for 
restricted parts of the creative process, or are concerned with general production 
tasks such as preparing a book manuscript for publication. 

Other recent authors have also suggested that too much rational thought can 
stifle creativity and even intelligence (Caxton, 1997). De Bono (e.g. 1990) is 
famous for the idea of "lateral thinking" amongst other techniques that help 
suspend rational judgments. Part of the idea is to leave time and mental space 
for novel insights to develop. It is also a way to engage and capitalise on 
unconscious processing capacity - to try out multiple combinations for example 
- because conscious capacity is so severely limited. 

6.1.4 A simple model of the creative process 

Figure 6.2, (taken from Lindh, 1997) outlines a simple model of the creative 
process, including both low focus, experiential cognition and high focus, 
reflective cognition. 
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Reflect ( Experience ) (judge) 

accept. 

\ 
concrete, 
low fo eus 
thoughts 

emotions 

unconscious 
control 

abstract 

f 
abstract, 
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thoughts 
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Figure 6.2 A sketch of aspects of the creative process (Lindh 1997). 

This model differs from Poincaré's model in that it stresses and describes the 
work done during the second to the fourth phase of Poincaré's model. It is more 
general in the sense that it is applicable to problem solving, learning and to 
inventing a new idea. This implies that the first phase, preparation, is more or 
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less excluded from the model; it is part of the input to the model, labelled 
"stimuli". 

A new idea starts with stimuli that evoke concrete and low focus thoughts, 
almost the same as the incubation phase in Poincaré's mode. The stimulus could 
be just a clue from the environment, a brief thought or as in problem solving a 
conscious formulation of the problem together with collected facts and material. 
This part of the process is controlled by the unconscious and gives rise to sparks 
of ideas. As with many unconscious activities, emotions play an important role. 
When an individual is engaged in low focus thought they have potential access 
to their whole memory and this also entails the role of emotions (Gelernter 
1994). After a while one or a couple of these sparks gain in strength and are 
perceived by the individual, who then becomes aware of them as thoughts and is 
said to conceive them. This part is almost the same as Poincaré's illumination 
phase and could be seen as the start of the process of checking and testing new 
ideas. The thoughts move along a spectrum from low focus to high focus 
cognition. The control is accordingly transferred to the conscious part of the 
mind and gives rise to abstract thoughts, which are susceptible to reason and 
give the idea a clearer shape. When the idea is clear the individual starts to 
reflect further about the possible new idea and if it is judged satisfactory a new 
idea is born. If the individual finds it necessary to modify the idea the process 
starts all over again and the skeleton of the new idea is transferred to 
experiential mode again. 

One important aspect that this model brings forward is the use of both 
experiencing and reflecting, of both high and low focus thought and last but not 
least the use of both the body and the mind, since emotions play an important 
role. Another important aspect of the model is that the creativity cycle is 
iterative, and does not stop after the cycle has been completed once. 

6.1.4 The context of creativity 

Boden differentiates between three different forms of creativity: combinational, 
exploratory and transformational (Boden 1990, 1996). Combinational creativity 
is the form where most research has been conducted in recent years, especially 
within artificial intelligence. It denotes the construction of novel combinations 
of well-known ideas. The other two types are more dependent on the individual 
person and his/her style of thinking and culture, which is more important and 
relevant when it concerns everyday creativity. In this case, to be creative is to 
explore and sometimes transform these styles (or conceptual spaces as they are 
sometimes called by Boden). They differ in that the exploratory form accepts the 
given rules and follows them, while the transformational form alters, removes or 
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adds a new dimension to the accepted conceptual space. A new transformation 
provides the means to perform new types of exploration. This happens within 
the individual, and as such it is very hard to control, although an effective 
creative tool ought to provide clues that encourage and facilitate these kinds of 
action. 

According to Boden (1996) it is also possible to distinguish two kinds of 
creative ideas; first-time novelty and radical originality. First-time novelty is 
produced and can be described using the same set of generative rules as other 
familiar ideas. This type is most common within everyday creativity, as Boden 
calls P-creativity, and is a necessity in order to deal with everyday life. A 
radically original idea on the other hand, what Boden denotes as a "genuinely 
original creative idea" cannot be derived from the generative rules of other 
familiar ideas. An implication of this is that constraints are important, or even 
make creativity possible. But at the same time a truly creative idea is not 
possible without what Koestler (1989) calls "the bisociation of unrelated 
matrices": the set of familiar generative rules have to be changed in some way. 
Another writer who acknowledged the dimension of random generation and 
selective retention in creativity is Donald Campbell (1960, 1974). 

Hans Eysenck (1996) asserts that in order to study creativity one has to consider 
the four components, the creative process, the creative product, the creative 
person and the creative situation (sketched in Figure 6.3). The creative process is 
the production of novel and original contents, meaning the path from a stimulus 
to the actual new idea. It involves all phases in the model of creativity outlined 
above (Poincaré 1924 and Lindh 1997). The next component is the creative 
product which is the outcome of the creative process, the actual idea. Thirdly the 
creative person is an important component. Last but not least is the creative 
situation, which represents the environment or more specifically the social 
situation and period when the creative idea is taking shape. According to 
Eysenck (1996) the process of intuition is also important and closely allied with 
creativity, where intuition implies the engagement of emotional feelings and of 
unconscious mental processes. However, I consider this to be part of the creative 
process. 

One aspect of the creative environment is the actual situation that the person 
finds herself in especially during the second phase, incubation, what I call a 
personal creative space. A person's creative space could be anywhere where it is 
possible to relax and disconnect from the problem itself, a place where she can 
let go of the problem and start to think about other things or just be passive. I 
believe that every person needs her own creative space where one can put 
oneself in the right mood for everyday creativity to be encouraged. It could be a 
specific place, where it is possible to transform oneself in the mind, or it could 
just denote a particular set of environmental conditions. It is a place where one 
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goes, either physically or mentally, when one wants to rest, relax and calm 
down. It is possible that a virtual, augmented, or mixed reality environment 
could serve as a personal creative space, as is suggested in the next chapter. 
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Figure 6.3 The components of creativity to study 

As stated in the beginning of the chapter, creativity is not easy do describe or 
learn, since it involves both conscious and unconscious parts of the human mind. 
It happens without us really knowing how or when, but there are some clues that 
could be used in designing an environment that supports the creative process. 

6.2 Synaesthesia 

Synaesthesia has often been associated with creativity, especially artistic 
creativity. It is a very rare condition that is only experienced by a few people. It 
has been known to medicine for almost three hundred years but the interest was 
highest between 1860 and 1930. There has, however, been a revival of interest 
in the topic within the last decade or so. The first reference to synaesthesia in 
medicine appeared around 1710. Thomas Woolhouse, an English 
ophthalmologist, described a blind man who was able to perceive sound-induced 
colour visions. Synaesthesia comes from the Greek words Syn that means 
together and aisthesis that means perception. It is possible to describe it as 
joined sensation and it is the unintentional experience of cross-modal 
associations. According to Richard Cytowic (1989, 1993, 1997) one in 25.000 
individuals are known to be born with synaesthesia, but he believes that figure to 
be an underestimation. 

Synaesthesia has been used and studied within art, music, literature, linguistics, 
natural philosophy and theosophy. A famous example of a synaesthetic person is 
the Russian novelist Vladimir Nabokov who as a toddler complained to his 
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mother that the letters in his wooden alphabet had the wrong colours. His mother 
understood his comment since she also was a synaesthete. 

Synaesthesia is an individual experience and there are several different forms of 
synaesthesia. The five senses pair up to give the synaesthete that specific 
sensation, but the most common form is coloured hearing. Most synaesthetic 
combination involves only two senses, but for some people it involves three or 
even more senses in the synaesthetic experience. It is usually a unidirectional 
relationship, which means that for a particular synaesthete sight may induce 
touch, but that touch does not induce visual perception. It is very rare that taste 
and smell trigger a synaesthetic response. Usually synaesthetes keep their 
experience private and hidden, and they are often surprised that other people 
have similar experiences. 

One characteristic of synaesthesia is that it is involuntary, but elicited. This 
suggests that it is a passive experience and that it is elicited by stimuli that can 
be identified without any difficulty. Furthermore synaesthesia is projected, in 
that it seems to be outside the body but near. In this way it is like normal 
perceptions of the world which, unlike thoughts or mental images, are 
experienced as located in the world, not the head (Velmans, 2000). A 
synaesthetic perception is durable and generic which indicates that it is never 
pictorial or elaborated. The inter-sensory associations of synaesthesia remain 
stable during a person's whole lifetime. If, for example, a person experiences a 
taste of salty seawater while looking at a hammer, this joint perception will 
remain during her whole lifetime. It seems that synaesthesia can also be 
inherited, and that not only the condition but also the experienced phenomena 
run in families. That the perception is durable signifies that the cross-sensory 
associations do not change over time, and generic indicates that a synaesthete 
might, for example, see blobs, lines and spirals when listening to Beethoven's 
7th while a non-synaesthete might imagine a pastoral landscape. 

Synaesthetes generally have very good memories, perhaps because the extra bits 
of information per item help them remember. The perception itself seems to be 
more memorable because they experience parallel sensations, for example in 
recalling that "she has a green name, and it was either Ethel or Vivian" (Cytowic 
1997). Synaesthesia is also emotional given that the experience comes with a 
sense of certitude and a belief that what is perceived is real and valid. These are 
all signs that synaesthesia is about experiences of reality not about ideas. 

In a study by Cytowic (1993) it was discovered that seven of forty-two 
individuals had immediate relatives who also were synaesthetic. There are more 
female synaesthetes than male. In an earlier study conducted in the U.S. 
Cytowic (1989) found a ration of 3:1 (female: male) whereas in the U.K. Baron-
Cohen et al. (1993) found a ratio of 8:1. Synaesthetes seems to have uneven 
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cognitive skills despite their overall high intelligence. Several of them have 
subtle mathematical deficiencies, have problems with right-left distinctions and 
have a poor sense of direction. 

Cytowic (1989) proposes that synaesthesia is stimulus induced functional 
disconnection of the language region from other parts of the brain. His studies 
(described in Cytowic 1989, 1993) show that "synaesthesia depends only on the 
left-brain hemisphere and is accompanied by large metabolic shifts away from 
the neocortex that result in relatively enhanced limbic expression" (Cytowic 
1997, page 28). This indicates that the limbic system plays an important role in 
synaesthesia. Thus, there is a correlation between synaesthesia and emotions 
since the limbic system deals primarily with emotion. Cytowic (1997) claims 
that it is possible to propose and test the concept of synaesthesia as the 
premature display of a normal cognitive process. That implies that we are all 
synaesthetic, but that only a few people are consciously aware of the holistic 
nature of perception. Furthermore he claims that our "inner knowledge" is 
largely inaccessible to introspective language, and suggests that what we feel 
about something may be more valid than what we think or say about that 
something. 

It seems plausible that it is the access to normally unconscious mental 
processing, the resultant rich perceptions of novel combinations of elements, and 
the associated emotions, that link synaesthesia with enhanced creativity - and 
point the way to supporting everyday creativity through the design of 
appropriate information technology. 

6.3 Creativity and learning 

My focus in this thesis is primarily on everyday creativity and its support. As 
already mentioned, I view useful examples of this kind of creativity as also 
involving learning. Creativity means to come up with a novel solution and 
learning implies to acquire something that is durable over time. This work 
combines both the concept of creativity and learning in order to gain creative 
learning. It is possible to be creative without learning, as for example when one 
comes up with a "quick fix" that is just applicable to the specific thing and 
moment. It is a novel solution but the knowledge is more or less forgotten 
afterwards. Some things we learn are not novel solutions, such as for example a 
phone number to a company that we had to contact for a short while. Creative 
learning on the other hand entails that the acquired knowledge is durable over 
time and that it is a novel solution that can be used in the future. Creativity also 
implies the creation of something, by the individual concerned. It is of course 
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possible for an individual to learn something novel that another person has 
generated, but this would not be creativity from the individual concerned. 

A problem with many current work-related and educational support technologies 
is their emphasis on conceptual problem solving - reflective cognition - or on 
purely experiential cognition, as in some "edutainment" applications. As 
suggested by the sketch of the creative process shown earlier in the chapter, my 
view is that these two modes of mental engagement must both be elicited to 
support creativity. In the remainder of this Section, I expand on these two modes 
of engagement and then describe the "wheel of creative learning" as a way of 
conceptualizing how they may be combined to provide technological support for 
creative learning, where learning is viewed in a general way including dealing 
with everyday life in general. 

6.3.1 Presence vs. absence of mind\ and the locus of attention 

The distinction between concrete and abstract processing is crucial to an 
understanding of presence and absence of mind, and of how VR can support 
creative learning that is not merely training of the body. Various terms are used 
to make this rather elementary distinction in the literature. I consider the 
following terms within two sets to be synonymous for the purposes of this 
thesis. Firstly: abstract, conceptual, and reflective processing (or cognition) all 
refer to what I also call absence of mind; that is dealing with concepts which 
stand for things which may or may not be currently present (and which has also 
been called "knowledge in the head"). Secondly: concrete, perceptual and 
experiential processing (or cognition) all refer to what I call presence, that is 
dealing with things that currently exist in the external environment (and which 
has also been called "knowledge in the world"), including sensori-motor 
responses. The notion of presence, then, refers to the extent to which 
consciousness is engaged in the currently perceivable situation, including the 
state of the body - the concrete "here and now" - rather than in dealing with 
abstract conceptual representations. 

Conceptual learning is about the generalised, the abstract, that which is usually 
physically absent. Perceptual learning is mostly about dealing with the present 
here and now in concrete ways. Typically, both types of learning are initially 
conscious. And typically, perceptual learning is more rapidly, and less 
problematically, automatised into the unconscious. We are quite comfortable 
with the idea that perceptual skills - such as responding correctly to the colour of 
a traffic light - should become automatic and not require conscious 
consideration. And in many fields, such as sports, musical performance, fighter 
piloting, and car racing, only unconscious responses to the present situation are 
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fast and accurate enough for optimal performance (Rasmussen, 1986, see also 
Chapter 4). But even conceptual skills become largely automatised with time, as 
I also pointed out in Chapter 4. The expert speaker of a foreign language, for 
example, does not need to think about the grammatical rules underlying 
competent use of the language, and knowledgeable experts are often not aware 
nor able to explain the basis of their expertise. 

Many new information technologies intrinsically emphasise perceptual presence 
- they tend to focus attention on the situation presented (present) in the computer 
environment rather than on concepts that might explain generalities or which 
linguistically describe situations that need not be presented perceptually (i.e. 
which are absent). Culturally, we are being driven by the technology we have 
developed towards the concrete (or rather, virtually concrete) and away from the 
abstract. This can be seen as a shift from mental problem solving - the conscious 
doing that underlies mental reflection - and towards virtually-physical 
manipulation - in the state of conscious being that underlies a sense of presence 
(more details of this "history of being" can be found in Waterworth 1999a). One 
of the areas where this is most actively resisted is in formal education. These 
technological developments explain the recent spate of interest in the sense of 
presence - in what factors generate it, and in its effects. 

Presence is regarded as the hallmark of virtual reality. VR designers typically 
aim to create a convincing, engaging environment in which users feel present. 
When this feeling of "being there", immersed in a virtual world, is strong users 
do not seem to have to conceptualise about the virtual world to make sense of 
what is portrayed. They just have to experience it and be there. One 
interpretation of this is that such virtual environments do not require mental 
modelling (knowledge in the head) to make sense. Rather, they contain 
"knowledge in the (virtual) world" which is amenable to direct perceptual 
processing. The gold standard of VR can then be seen as passing the "VR for 
Animals" test (Waterworth 1996) - could the VR convince a non-human 
mammal (since such animals exceed human perceptual skills, but lack most of 
our conceptual capabilities)? By this view, since most other mammals do little 
or no conceptual processing, they are always present when conscious 
(Waterworth E. L. and Waterworth J. A., 2001). 

There is certainly a growing interest in the notion of presence; in entertainment, 
media studies, professional training, informatics, and education. While TV 
broadcasters and professional trainers are happy to maximise presence, 
educationalists worry that to experience something vividly does not always 
result in useful conceptual learning. This interest in presence in VR has led 
researchers to focus on issues such as the ways in which presence can be 
assessed, and on models which attempt to explain how various factors affect the 
evaluated level of presence in specific VR implementations. Assessment of the 
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sense of presence is an almost universal feature of recent approaches to 
evaluating virtual environments (see for example Welch, 1999). Most 
commonly, this is done by asking VR users how present they felt - usually by 
means of some subjective scaling procedure. 

Waterworth (1999b) presents a spectrum of VR application types and their 
evaluation, as shown in modified form in Figure 6.4. The spectrum ranges from 
the most abstract (abstract-external) to the most concrete (concrete-internal). At 
the far right, the concrete-internal perspective emphasises concrete, bodily 
experiences; changes due to the VR that can be measured physiologically. Here, 
presence is very much the focus, and we could see physiological change as a 
candidate measure of presence. An example is in interactive art works that 
engage the immersant in a vivid, present reality (e.g. Davies, 1998, 1999). 
Another is in the way VR can be successfully used in the treatment of anxiety 
disorders, such as phobias, which require a re-programming of emotional bodily 
responses to certain environmental stimuli (e.g. Strickland et al., 1997). At the 
other end of the spectrum, the abstract-external perspective emphasises expert 
assessments of outcomes, and reflective processing of information. Here, a sense 
of presence is often treated as incidental. Educational applications of VR 
typically fall between these two extremes. 

While it is generally accepted that feeling present is motivating for learners, 
there is also disquiet that vivid experiences are not sufficient for conceptual 
learning; to experience is not to understand. So while presence is obviously 
necessary for training concrete skills, as in a driving or flight simulators 
(concrete-external), there is some debate about the role of presence in 
conceptual understanding (abstract-internal). Such understanding involves the 
internalisation of an abstract body of knowledge, whereas training systems 
develop appropriate concrete responses of the body itself. 

Presence is a psychological state rather than a quality of virtual or physical 
environments, which is perhaps one reason that models of presence are in 
general somewhat underdeveloped. Slater et al. (1994) suggest that presence is 
not the same as immersion, but that high immersion tends to yield high 
judgements of presence. Immersion depends on the technology used in the VR -
a head-mounted display is more immersive than desktop VR. They suggest that 
presence, rather, is a state of consciousness. But the question of when more 
immersion yields greater presence, and when it does not, is left open. It is not 
impossible that a highly engaging desktop VR will elicit higher presence ratings 
than an uninspiring head-mounted display VR. 
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Figure 6.4 A spectrum ofVR application and evaluation types 

Other models of presence, while more predictive, are not always plausible. For 
example, the Immersion, Presence and Performance (IPP) model (Byström, 
Barfield and Hendrix 1999) suggests that immersion produces sensory fidelity, 
which directs the allocation of attention in such a way that subjective disbelief is 
suspended, yielding high presence and, as a result of that, better task 
performance. While this model has the advantage of explicitly relating presence 
to both level of immersion and the allocation of attention it seems to be 
obviously wrong. Clearly, people performed tasks in computer environments 
before the advent of virtual worlds in which they felt present. This is not to say 
that there is never a correlation between task performance and sense of presence 
but this outcome is rather exceptional (Welsh 1999). The model (Byström, 
Barfield and Hendrix 1999) also suggests that there will be no sense of presence 
without sensory fidelity, but this is also not borne out by the VR literature. 

Most reported studies have tended to confound presence and performance, and 
the existence of a correlation does not determine whether better performance 
causes greater presence, or greater presence results in better performance, nor if 
some third factor is affecting both. Modjeska and Waterworth (2000) found in 
recent experiments that performance was better in a hypermedia environment in 
which students felt no presence than in an equivalent virtual world where they 
felt highly present. The task was exactly the same. When they compared three 
different virtual worlds varying in vividness they found differences in rated 
presence but no differences in performance. As Welch (1999) suggests, it seems 
likely that presence sometimes helps performance. Sometimes presence will 
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make no difference, and sometimes - depending on the nature of the task - it 
can be expected to interfere with performance. 

The root of the problem with many existing models of presence is perhaps a 
confusion between presence and suspension of disbelief. Suspension of disbelief 
is the result of conceptual processing which then leads to a secondary sense of 
involvement - as when one reads a gripping novel in which one becomes 
engrossed. On the other hand, I see presence as that which arises in situations 
where no belief suspension is needed - because the display is immediately 
perceptually engaging (though not necessarily faithful to normal sensory 
perception). 

One way of characterising the dichotomy between the two streams of mental life 
- presence and absence - is as a question of where attention is mostly focused. 
The problem of consciousness is that of limited capacity. We have very little 
conscious attention at our disposal and we must share it between dealing with 
the physical (or virtually-physical) environment (experiential cognition, 
producing a sense of presence) and carrying out conscious mental work 
(reflective cognition, producing mental absence). 

Changes in this balance between abstract, reflective cognition and concrete 
reasoning affect the nature of our experience of the world around us. For 
example, when our conscious processing load is heavy (during difficult abstract 
reasoning), our experience of duration is short - "time passes quickly" 
(Waterworth, 1983). We pay little attention to our bodies or the world around us, 
we are "absent minded" and do not feel present. And when our conscious 
processing load is light, duration seems long - "time passes slowly" and we are 
highly present in the current situation - we frequently sample what is going on 
around us. Typically, we trade off stimulus sampling with conscious processing 
as we share conscious attention between the abstract and the concrete. 

To make this more understandable, imagine that you are in a hospital room 
visiting a patient, a friend who is paralysed but has a wonderful memory. There 
is a telephone in the hall outside your friend's room, and he needs you to make 
some calls for him. Neither one of you has a pen or paper, so he must tell you 
the number to dial, and you must keep it consciously in mind while you walk out 
to the telephone and dial. Now suppose the number is long-distance and 
therefore long, say ten digits (e.g. 091-847-3062). You repeat this number to 
yourself as you walk to the hall phone. In this case, your conscious capacity for 
attending is largely taken up with abstract processing (articulating the numbers 
in consciousness). Because of this, your have little capacity left for sampling 
concrete details from the environment around you, and time passes quickly for 
you. You do not notice much about the environment around you, rather like the 
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stereotypical "absent-minded professor" because your consciousness is mostly 
occupied with things other than the present environment. 

Now imagine that the number is local and short, say five digits (e.g. 78638). 
This conceptual processing task is relatively light and easy, and you have 
conscious attention to spare as you walk to the phone. This time you notice more 
from the present environment, and time passes relatively slowly for you. You 
observe that you are hungry and that there is a sandwich machine at the end of 
the hall, aspects of the environment that had escaped your attention on your first 
trip down the hall. 

The little story above illustrates the trade off between presence and absence. 
Presence arises when we mostly attend to the currently present environment 
within and around the body. The capacity we have for such attention depends on 
the amount of conceptual processing the situation demands. As we process more 
in an abstract way, we can consciously sample fewer concrete aspects of the 
present situation, and so our sense of presence diminishes; we become absent. A 
common experience of this trade off is when, whilst driving, we stop conversing 
with our passengers when a tricky traffic situation arises. This is because we 
must focus attention on the present concrete situation, rather than on the abstract 
and usually absent topics of in-car conversation. 

m t mit 

Figure 6.5 The mind as a two-roomed apartment 
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Figure 6.5 illustrates this trade off in more general terms, viewing the mind as a 
two-roomed apartment lit by a single light source. The rooms represent concrete 
and abstract processing, respectively. The light is consciousness, and areas in 
darkness are unconscious. 

If the light is angled to the left, concrete processing of the present situation is 
emphasised, and there is a strong sense of presence. At the extreme, an observer 
in this state of mind has no capacity left for abstract thought. She is having a 
vivid experience that seems to take a long time to unfold, though she will have 
little intentionally recallable memory about it. If the light is angled more to the 
right, however, abstract processing of concepts is emphasised, and there is little 
or no sense of presence. The individual has little awareness of what is going on 
around her. Time passes quickly, and her experience is only of the concepts with 
which she is dealing and of which she will have a good intentional memory. 

6.3.2 The wheel of creative learning 

Presence is a strength in educational applications because the attentional 
concentration produced by a strong experience of presence can be expected to 
activate and motivate the observer. But it is a weakness if attending to the 
present display inhibits the formation of more general, abstract concepts about 
the kinds of entities portrayed in the display. In other words, it may be that 
presence stimulates initial conscious experience in a desirable way, and thus 
supports relevant perceptual experience, but that it tends to inhibit the kind of 
conceptual processing that underlies generalisable, abstract knowledge. Such 
knowledge depends on absence, as well as presence. 

Fencott (1999), in similar vein, points to the importance of both perceptual cues 
and surprises for conceptual learning in educational VR. Cues perceptually 
reinforce the unconscious expectations one has when acting within a virtual 
world; in other words, they engender and support a sense of presence. Surprises, 
on the other hand, break those expectations (and the sense of presence) and 
stimulate reflection. Whitelock and Jelfs (1999) report compatible experiences 
with a range of virtual learning environments. 

I suggest that to be creative in everyday life and learning one has to cycle 
between presence and absence. My view is that all useful learning includes a 
creative aspect. This implies that learning and creativity have a lot in common, 
including the movement between presence and absence, as well as knowledge 
transfers between consciousness and the unconscious, as suggested earlier. The 
wheel of creative learning (Figure 6.6), is very similar to the suggested creativity 
model shown above (Figure 6.2) and first outlined in Lindh (1997). The wheel is 
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intended to combine the best of traditional education and newer VR-based 
applications which elicit presence. Furthermore it combines the strengths from 
both traditional learning and learning by doing. 

The wheel of creative learning (Figure 6.6) should be viewed as a wheel rolling 
forward to new experiences. It does not describe the whole learning process, as 
for example of learning to cycle or learning a new language. It portrays the 
ongoing process in learning; the wheel rolls around all the time. This takes place 
both for novices and all the range of learners up to, and including experts. 
Furthermore it does not matter much whether the learning is conceptual or 
perceptual. There is no start or ending of the wheel's journey to new knowledge, 
but if we think of a specific learning task or problem situation, that will 
determine where we enter the wheel. 

abstract  concret .  

infrequent  
sampl ing  

frequent  
sampl ing  

sparks  

Change 
Figure 6.6 - The wheel of creative learning 

6.4 Summary and discussion 

Everyday creativity is an essential part of our lives, in fact a necessity in order to 
handle everyday life, and intrinsic to being human. It is needed in order to be 
able to learn, solve problems, communicate via abstract symbols, and so on. 
Creativity could be seen as a process consisting of different phases that go on 
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continuously. It is not a single cycle where one goes through all stages 
sequentially. On the contrary, one can go through the different stages 
continuously but not necessarily all stages or even sequentially in a certain 
order. In this work I suggest that the creativity cycle consists of five stages, 
preparation, incubation, illumination, reflection and elimination (see Figure 6.7). 

The preparation phase is similar to Poincaré's and Hadamard's model, it is when 
an initial conscious attempt is made to solve the problem. This comprises 
formulating the problem and collecting facts and material. After some 
unsuccessful attempts the problem is left and more or less sinks from 
consciousness. This transfers it to the second phase, incubation. The 
unconscious takes over the problem and starts to process it while the person's 
attention is directed elsewhere. Phase three, illumination, represents when the 
idea suddenly flashes to the person. The implication of this is that the idea 
appears in consciousness as a solution to the problem. Often this happens when 
the person is in her own creative space or has just spent some time there, a place 
where she can turn off conscious attention and feel in balance so that the 
unconscious can present its ideas without distraction from the environment. 
During the fourth phase, reflection, the idea is played with, compared, adjusted 
and to some extent enhanced in order to prepare for the last phase, elimination. 
In the elimination phase either the idea is thrown away because it did not fulfil 
the requirement, it is presented and used, or it is used as input for a new loop of 
the process. 

Figure 6.7 The five phases of the creative process 

Synaesthetes are known to be creative. Knowledge about synaesthesia could be 
used to simulate and create artificial synaesthesia in order to support the 
everyday creativity within a person. On possible way of doing this is to present 
information to several senses and in several forms at the same time, which ought 
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to improve memorability and also to provide a richer view of the information 
when it is processed. 

Presence and absence are also two important features when designing a creative 
environment. Both are very important in all kinds of learning, and this in turn 
points out the importance of regular breaks between the two in a creative 
learning situation. It is important both to reflect on and practice the learned skill 
or information. 

There is an ongoing debate about whether it is possible to measure creativity or 
not. Given that creativity is personal and very subjective, especially when it 
comes to everyday creativity, it is very hard to measure it objectively. One 
major problem with the common definition of creativity is that it is very hard to 
differentiate intelligence from creativity. Eysenck (1996) discusses the topic and 
articulates that intelligence is not enough, nor necessary, in order to be really 
creative. Particularly when it comes to everyday creativity intelligence and 
creativity are not the same thing. It is possible to be everyday creative without 
being very intelligent, since in this case creativity is a trait within the person in 
order to lead him to produce acts, items and instances that are of value from his 
own perspective. Eysenck (1996) proposes four components to use when 
studying creativity; the creative process (the five phases of creativity), the 
creative product, the creative person and the creative situation, in my model 
called the creative space (Figure 6.3). These four components can be used to 
assess creativity, but even using them does not give truly objective 
measurement. 

It is important to the aims of the present work to consider whether a computer 
environment supports one, several or even all of the five phases of the creative 
process. This involves providing the possibility to switch between presence and 
absence, but also to support both conscious and unconscious work. The creative 
product is also important to have in mind in order to grasp how to design for 
everyday creativity. 

Last, but certainly not least, is the creative person. The design has to support its 
user's individual needs, which necessitates the aid being very flexible and 
having the possibility to be adjusted according to the individual's particular 
requirements at the time. An important implication of this is to provide support 
for a person's need to have private creative space. This is especially important in 
the second and third phases when the unconscious plays an important role. 
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7. Design Models for PST 

In the previous chapter on creativity, everyday creativity was characterised as 
the combination of creative ideas and learning, enabling the individual to better 
cope with aspects of everyday life. In this chapter, aspects of learning are 
considered in the light of the creativity models presented in the previous chapter. 
The combination of these two strands comprises an approach to designing PST 
for everyday creativity. 

When written language was first developed it made it possible to transfer 
knowledge into other kinds of storage media than human memory. The ability to 
speak directly out of memory and to easily store information in memory were 
weakened by this process. We started to rely more on external memory, which 
gave us the ability to access an almost infinite amount of knowledge, but at the 
cost that, until very recently, external memory was heavy to carry and took up a 
lot of space. There were, and still are even with current information 
technologies, considerable additional problems in locating relevant stored 
information when it is needed. A great deal of effort can be expended in retrieval 
and search processes, and there is no guarantee that they will be successful. 
Earlier memorisation techniques, now discarded or otherwise lost, were in some 
ways more robust. An individual could not only remember a great deal, he knew 
what he could remember. 

People learn throughout life, starting from the newborn baby and continuing 
until they die. Learning has a very central position for human beings - to be 
human is to learn. But often as we learn, we also unlearn. As we acquire new 
knowledge, we tend to lose old knowledge or at least forget it so that it can no 
longer be accessed. This is partly because we often do not really learn, but apply 
technological access techniques to a new area of knowledge. What is not being 
currently accessed is simply not known, because the knowledge was not 
internalised in memory properly. Just as pocket calculators have reduced the 
apparent value of mental arithmetic, information technology often makes 
memorisation seem redundant - until the technology breaks down or is 
unavailable. 

The next Section (7.1) focuses more specifically on PST and learning, and 
includes a consideration of how PST can be used as educational technology. 
Related work is also briefly reviewed. In Section 7.2, the important role of a 
sense of presence (and of absence) in education is outlined as part of a three-
dimensional model of experience, and including a consideration of the 
implications for the user's relation to the technology. Section 7.3 then combines 
these elements in an integrated approach to designing PST for learning. The 
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final Section (7.4) integrates earlier suggestions into an integrated model of 
perceptually-seductive technology designed to support everyday creativity 

7.1 Perceptually-seductive technology and education 

Education can be viewed as a controlled way of learning. One problem with 
today's education is that it stresses abstract, logical thinking (conception, or 
reflective cognition), at the expense of concrete representation and reasoning 
(perception, or experiential cognition), which I call presence (see Waterworth J. 
A. and Waterworth E. L., 2000). Traditional learning, as in most of today's 
secondary education, could be characterised as linguistic learning since it is 
mainly based on the idea of abstract processing of arbitrary symbols standing for 
things in the world. In accordance with the idea that knowledge is mainly based 
on abstract thinking this type of learning stresses the objective and more or less 
excludes the subjective and personal side of reality. This leads to the idea that 
emotions should certainly not be a part of learning since they are personal, 
subjective and mostly controlled by the unconscious. We believe that our 
capability to handle and create internal images to store knowledge is not as 
strong as it was before the invention of the written language, since our bodies 
and emotions play a very important role in handling images internally. 
Linguistic learning and the use of information technologies - both emphasised in 
most educational systems - are based on the false Cartesian split between mind 
and body. 

Virtual environments are ideal aids to engaging the user in the learning process, 
because they naturally produce a sense of being present in the (virtual) world. 
But I suggest that they should also encourage abstract thinking to produce real 
learning This implies that learners are not only explorers of places or easy 
solutions, but changers. Changers are people who integrate the concrete world of 
the present with the abstract possibilities of the absent to gain a better 
understanding of the object of study. 

The basis of all learning is human memory. And yet, paradoxically, the 
development of traditional educational technologies has tended to reduce human 
memorisation skills. This is not so surprising if we compare information 
technology with physical machines such as automobiles and earthmovers. As we 
use our muscles less, because of the availability of these technological aids, we 
tend to lose some of our earlier physical strengths. Similarly with information 
technology; the more we depend on technological aids to hold information, the 
less capable we are of retaining information in memory. I claim that this loss of 
memory skills has also tended to reduce creativity in education, since I view 
useful learning as a creative process and creative thought as a learning process. 
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This seems to be especially true for people with special needs; for them, the link 
between learning and everyday creativity is particularly obvious and necessary. 

In this research I focus on recent information technologies, in particular virtual 
and augmented environments. They tend to exercise perceptual faculties rather 
than replacing cognitive skills of memorisation and retrieval. By presenting 
information in different perceptually-seductive and emotionally stimulating 
ways, I suggest that we can provide technological tools for the enhancement of 
both memory skills and creativity, implementing what I call perceptually-
seductive technology (PST). This is in contrast to Norman's (1993) suggestion 
that (with new "experiential" technology such as multimedia and virtual reality) 
"One can have new experiences in this manner, but not new ideas, new concepts, 
advances in human understanding: For these, we need the effort of 
reflection"(Norman 1993, p 17). While I agree that reflection (that is, abstract, 
linguistic processing) is important, I have explored ways in which perceptually-
seductive technology, incorporating techniques largely discarded since the 
earliest information technologies became widespread, can provoke creative 
ideas, robust learning and possibly also more engagement in the learning 
process. Another possible outcome of this kind of perceptually-seductive 
learning could be a strengthened learning effect in the three different learning 
phases of coding, retention and activation. 

What is true for learning is, I suggest, also true for creative thought. Waterworth 
(1997) pointed to the way in which new technologies, by allowing information 
to be experienced in a variety of vivid media and forms, expand the possibilities 
for creative inspiration. Experiencing the same underlying information in 
different representations and through a variety of sensory channels (using so-
called 'synaesthetic media', Waterworth 1997) increases the range of concrete 
perceptions through which information is experienced. These richer perceptions 
may then lead to more original concepts. This view is compatible with recent 
work that suggests that an emphasis on abstract conception, rather than concrete 
perception, can have an inhibitory effect on creativity (Korvordanyi 1999). 

7.1.1 PST as educational technology 

Today's view of education separates the body and emotional knowledge from 
intellectual or factual knowledge. This is also why experiential information 
technology is seen as problematic (e.g. Norman, 1993). To overcome some of 
the problems with this one-sided approach to learning, and in one way to put the 
two strands of mental life together again, I suggest that perceptually-seductive 
technology can be designed in ways which enhance current approaches to 
education. 

91 



7. Design models for PST 

One main constituent in both learning and creativity is the use of memory. It is 
in memory that all information has to be stored and actively processed. One 
approach to supporting learning is to use PST to enhance memorisation skills. 
The idea is to include emotion and creativity in the learning situation by using 
experiential information technology, but in a specific way. By allowing the 
technology to mirror and encourage our natural capacity to handle images it is 
possible to improve and ease memorisation. This idea could also be viewed as a 
way to implement ancient mnemonic techniques, as described in Chapter 4, but 
enhanced by the use of recent information technologies. Prototypes based on this 
approach to implementing PST are described in Chapters 8 and 9. 

Other important constituents of the idea are the inclusion of both perception and 
conception, and the opportunity to experience information in a variety of vivid 
media and forms (Waterworth 1997). This could be viewed as a simulation of 
the experience of synaesthesia, although the experience is through the 
technology, e.g. the technology is projecting the information in several different 
modal forms to the user. A synaesthetic experience is known to stimulate the 
person's emotional system and, as described in the last chapter, synaesthesia is 
often associated with creativity. In Ihde's (1991) terms, there is an embodiment 
relation between the person and the technology; it is as if the technology were 
part of the user's body. But because the roots of emotion are largely 
unconscious, and therefore not available for analysis, educationalists have 
tended to reject or ignore its importance. But emotion is an important ingredient 
of creativity (parts of which are also unconscious), synaesthesia and 
memorability. 

Most of today's systems are single-modality even though they may offer new 
experiences in different ways, as for example a speech synthesiser reading a web 
page to a blind person, or the visualisation of numerical data as a graphical 
display. This is very different from a synaesthetic experience since there is no 
mixing of the senses and the same information is not presented to and expressed 
in two or several senses at the same time. This multimodal way of experiencing 
information gives it an additional dimension. For a non-synaesthetic person it is 
very hard to imagine this kind of experience, which has a life of its own and is 
emotionally charged, sometimes even distressing. PST could make it possible 
for anybody to experience information in such multimodal ways. 

Another way of including emotions in a controlled way in the learning situation 
might be to implement breaks between presence and an absent state of mind. A 
possible way of doing that is to design surprises in the application. Letting the 
technology help to create emotive sensations will make the learner feel engaged 
and interested at the same time as improving recall - because emotionally-
charged imagery is particularly difficult to forget. One example of this is in an 
application for learning Microsoft Excel in which, suddenly, just before a new 
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lesson about how to create a database, a big explosion appears in the VR world. 
This sudden event breaks the user's current state of mind and she fully attends to 
the happening situation or event (example shown in Figure 7.1) 

Figure 7.1 An example of breaks between presence and absence 

PST can thus be used to improve learning by make it possible for most people to 
experience knowledge to be learned in a potentially creative manner, with 
sensory mixing and emotional stimulation. With PST, information is presented 
in concrete forms, signifying that the information is presented largely non-
linguistically and is directly interpreted by the perceptual system and not via 
abstract thinking. This form of presentation is much faster to comprehend than 
information that has to be interpreted conceptually. Abstract information is 
placed within this concrete environment and, as with the ancient mnemonic 
techniques described earlier, linking the two improves memorability. Usually 
information experienced through PST is presented in a 3D space. This 3D space 
could either be a personal or a shared space. Furthermore it could be based on 
and implemented as physical, virtual or as mixed reality. PST is used to make 
information interesting, exciting, and memorable. 

One approach that is stressed in the current work is that the information may be 
presented in so called memory theatres, as utilised in ancient mnemonic 
techniques, especially when the PST environment is aimed directly at learning. 

7.1.2 Related work 

Learning and technology is a fairly well represented research topic in the 
literature. Numerous examples of research have examined different kinds of 
courses on the web, for example. This topic was very popular in the middle of 
the nineties when distance education was very topical. For example, a workshop 
was held at the University of Maryland System Institute for Distance Education 
in May 1996 called "The second annual professional development workshop -
Distance Education and Technology: Future visions". The aim of the workshop 
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was to "serve as a training resource for distance educators". The general idea, 
common to other similar efforts, was to use the Web as a virtual classroom 
space where the participants of the course could get information and 
communicate with other participants and the faculty members. The idea was that 
it should be possible to attend courses anywhere and anytime all over the world. 
A lot of courses were therefore developed aimed at giving distance education 
over the Web. 

In contrast, the main aim of my research is not to make a course accessible on 
the web but to use information technology to improve learning in a traditional 
classroom situation, and for students with special needs in particular. Given that 
students with special needs are often absent from school because of treatment 
and illness it would of course be convenient if the student is able to participate 
in the classroom via the Internet, or at least access the actual lesson is some 
form. However, "anytime, anyplace" education is not the main goal here. 

One of the first computerised applications in education was the LOGO system 
developed by Seymour Papert (Papert 1980) and his colleagues from MIT and 
elsewhere. Papert was a disciple of the Swiss philosopher and psychologist Jean 
Piaget (1896-1980), and LOGO is based on Piaget's ideas about child 
development. It is a mathematical micro world that makes the principles of 
geometry visible for children. The program is based on a constructivist approach 
to learning. In the program the student can draw simple geometrical shapes, such 
as circle or triangle, by using a simple graphic programming language. One 
assumption behind the LOGO is that very young children can program. It is 
based on the metaphor of a turtle dragging its tail in the dirt. The student 
pretends to reside inside the turtle and directs the turtle by giving simple 
commands, such as "Go right", "Go forward". After some practice the student is 
able to draw more complicated geometrical shapes. The program demonstrates 
the power of interactive systems, by allowing the student to control the drawing. 

One conclusion of LOGO is that the easier a system is to use the more powerful 
it is for learning. But a criticism of the approach is that it only applies to certain 
kinds of knowledge (geometry) and, even within geometry, imparts a very 
limited kind of insight. It is not a general approach to learning. It is, however, a 
very good way to make certain geometrical principles understandable to young 
children. Children can use LOGO in creative ways, but the scope is inherently 
limited. All drawings made with LOGO look similar. In this respect, it is rather 
similar to Lego™, the child's construction kit based on interlocking small bricks. 
Children can create many different things out of the bricks, but they are all 
based on the same limited construction principles, and all look much the same. It 
is, for example, impossible to make any non-vertical surface that will bear a 
significant load. Children will not realistically learn how to construct bridges, 
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ceilings, cranes, roofs, tables, and so on, by using the basic, simple components. 
They will learn, and enjoy learning, how to build things out of small bricks. 

Virtual reality (VR) also attracts considerable research attention, often from an 
educational perspective. Some research aims at simulating and imitating real 
world events and places, which are then used in learning. At the Human 
Interface Technology lab (HIT lab) at University of Washington they have 
developed the Virtual Pilot project (ViP) that enables the user to fly a fighter 
aircraft (Wells 1997, Wells and Hoffman 1998). 

The Ultrasound Project is a medical augmented reality system, developed at the 
University of North Carolina (see for example Bajura et. al. 1992, Livingstone 
and State 1997, Fuchs et. al. 1998) that allows the physician to see inside the 
patient. It uses ultrasound echography imaging, a video see-through head-
mounted display and a high performance computer graphics engine. When the 
physician moves the transducer over the abdomen of the patient, slices are 
sampled into the 3D display volume. For instance an obstetrician wishing to 
examine a foetus within the mother might use this application. The system is 
non-invasive, fast and does not involve harmful radiation. But the quality of the 
ultrasound visualisation is still not high nor is it fast enough to use in real-time. 
According to Waterworth (1998) surgeons are disappointed with augmented 
reality because it narrows their view of the patient. This implies that they might 
prefer to switch between the two instead of having them fused together. 
Surgeons want to have a direct view of the patient and not only through opaque 
glasses. If they are going to use augmented reality it has to be based on see-
through glasses and probably with the possibility to turn the overlaid 
information on and off as needed. 

Virtual Reality has also been used in medical and psychological education. For 
example today it is possible for medical students to view and practice certain 
surgical operations in a virtual environment before performing them on real 
patients. An example is HIT lab's Suturing simulator. In another case, 
experienced surgeons use VR to integrate different kinds of scans in order to 
plan a complicated surgery, as for example separating two Siamese twins or 
planning an operation to remove a brain tumour (see Waterworth 1998 for 
different uses of VR in medical applications). 

There is no doubt that VR can evoke emotions. This is usually done either to 
distract the user from something unpleasant, or to help the user learn to deal 
with a situation that evokes unwanted emotion. For example, VR has been 
successfully used as pain control to treat children with severe burn injuries 
(Hoffman et. al, in press). A patient with a severe burn injury often relives the 
original burn experience when the wound is treated. But with the VR system, the 
patient flies through an icy canyon that has a river and a frigid waterfall and is 
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encouraged to shoot snowballs at snowmen, robots and igloos. The patient is 
distracted from the pain and the memory of the experience of the injury. VR has 
also been successful in the treatment of children with ADHD, Attention Deficit 
Hyperactivity Disorders (see for example Rizzo et al. 2000). VR is also very 
successful in the treatment of different kinds of phobia, such as fear of heights, 
spider phobia (Carlin et al. 1997), fear of flying, and fear of speaking in public, 
amongst others. The basic idea is that virtual reality can create a sense of 
presence that facilitates the patient experiencing the whole range of phobic 
reactions and responses. Furthermore, VR makes it possible for the therapist to 
control the situation. For a discussion about VR research in phobia studies see 
Strickland et al. (1997). 

VR is also used as an emotional healer, to place the patient in contact with her 
own emotions. The Meditation Chamber is a project at Georgia Tech University 
that focuses on creating virtual environments using visual, audio and tactile 
clues to evoke the same emotions that one could get through transcendental 
meditation. The aim is to use meditation and guided imagery in order to treat 
and prevent for example stress. 

VR has also been applied to the treatment of amnesia. Preliminary results from a 
study conducted by Brooks and Rose shows that a patient using a VR simulation 
of their real environment seems to learn and improve their memory skills (Attree 
el. al., 1996, Brooks el.al. 1999, Rose et. al. 2000). Brooks and Rose suggest that 
the advantage of using VR in this kind of learning situation is the ability to 
repeatedly perform the same task without any distractions or negative 
consequences in the real world. Dinh et al. (1999) and Grealy et al. (1999) also 
work with memory processes and VR. 

Christine Youngblut (1998) compiled a survey of VR use in education where 
she reviewed efforts that were developing, evaluating or using VR in education. 
She distinguishes between pre-developed VR applications and applications that 
the students develop by themselves. Both she and Fällman et. al. (1999) draw 
the conclusion that not much has been done in this area. This is particularly 
obvious of the part that concentrates on learning as contrasted with what is done 
about training and simulation in education. Learning in this context is different 
from training in that the former consists of acquisition of information provided 
by the virtual environment while the latter involves the users motor responses to 
the environment. 

What differentiates this work from the above is that the designs are based on 
explicit models of creativity and experience, as well as ancient image-based 
mnemonic techniques, in order to stimulate emotions, create engagement and 
improve learning. My focus is not on the training of motor or emotional 
responses. Rather PST engenders bodily responses to produce a desired 
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experience, often with the aim of supporting memorisation and knowledge 
acquisition. 

7.2 Dimensions of information exploration and experience 

In Waterworth and Chignell (1991), a model of human information exploration 
was characterised along three axes (Figure 7.2). This model has stood the test of 
time, with a few slight changes of terminology. By this model, information 
exploration activities can be located in a space defined by the dimensions of 
structural responsibility, interaction loop speed, and specificity of user 
requirements. These dimensions reflect how individuals deal with the 
information that is the product of exploration, and in this, a consideration of 
consciousness and the emphasis of conscious activities are central. 

Figure 7.2 Dimensions of information exploration 

The high-low specificity axis refers to how clear the explorer is about what is 
being sought - a specific information query versus browsing around. The 
system-user responsibility axis refers to whether the system or the user does the 
searching (and must therefore be aware of the information terrain). The rapid-
slow interaction loop refers to the style of interacting with the information 
system. Rapid loops typify interactions based around direct manipulation and 
the manual following of links by the user. Slow loops arise when the user adopts 
a conversational style, perhaps describing a complete information request to an 
automated agent that will return with a response some time later. 
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From Figure 7.2 it is possible to identify dimensions of variation affecting the 
overall sense of presence in a particular computer environment. A sense of 
presence during information exploration will be experienced most strongly when 
the learner has structural responsibility, the opportunity for fast interaction with 
representations of information, and probably also when she is not very clear 
what she is seeking. This typifies highly conscious, unconsolidated knowledge, 
biased towards learning the use of knowledge in the (virtual) world, and is only 
part of the cyclical pattern inherent in long-term conceptual learning. To 
complete that process and develop new knowledge in the head, breaks in the 
sense of presence are also needed, as suggested earlier. Some recent VR-like 
computer games combine presence and absence, exploration and problem 
solving. But the conceptual work only helps deal with the virtual world itself 
(puzzling out how to get to the conclusion of the game successfully) and so does 
not build up generalisable conceptual knowledge. 

Today's secondary school education tends to stress abstract and logical thinking 
(which in the terms used in this work is to be relatively absent) and requires a 
high degree of attention. One problem this produces is that people are not good 
at applying high attention to relevant concepts over a long period, and the mind 
tends to wander onto other, less demanding, things. Most current VR 
applications, on the other hand, stress experiencing and exploring information, 
emphasising presence, which makes the users feel that they are there within the 
created reality. The weakness of this approach is that, although it is initially very 
engaging, there is little evidence that the user will gain much new knowledge, 
even when viewing the display for a long period (this is the problem of purely 
"experiential cognition", Norman 1993). And after a while, boredom sets in, and 
once again the mind starts to wander. This highlights the potential benefits of 
every now and then breaking the absence in traditional education and of 
breaking the presence in VR-based learning. The opportunity to change the 
world that is modelled in a VR provides one possible focus for breaking 
presence - since meaningful change requires conceptual work for its planning 
and execution (Waterworth J. A. and Waterworth E. L. 1999). A constructivist 
approach to education could be interpreted in these terms. The shifts of focus 
also provide an opportunity for relief from the burden of maintaining a 
continuously high level of attention. 

These breaks should occur differently depending on where the learner is in terms 
of skill acquisition stages. A novice has to direct all of her attention to the skill 
being learnt when it comes to both conceptual and to perceptual learning. 
Furthermore a novice uses knowledge-based behaviour requiring much 
conscious attention. This again points to the necessity of moving between being 
present and being absent and in this way alleviating the heavy workload 
involved in learning a new task. Another advantage of shifting between presence 
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and absence in the learning situation is that it makes the user both more engaged 
and involved in the learning situation. 

An expert on the other hand does not need to use much attention when adding 
new items to existing knowledge because she has already both declarative and 
procedural knowledge about the topic. Also, the expert is able to mostly rely on 
skill-based behaviours which, as we saw in Chapter 4, are largely unconscious, 
or to use rule-based behaviour. Neither of these kinds of behaviour requires 
much attention from the learner. This suggests that the existing model of an 
expert is only expanding, but in order to keep the expert engaged and feeling 
motivated to learn more without being bored, it may still be advantageous to 
keep transferring between a mental state of presence and that of absence. 

7.2.1 Focus, Locus and Sensus 

The Focus, Locus and Sensus model (Waterworth E. L. and Waterworth J. A. 
2001) was conceived as a way of understanding the psychological realities of 
virtual experience (Figure 7.3). The sense of presence is a key aspect of 
experience in virtual worlds, but in order to understand and evaluate those 
experiences fully we need to consider more than mere presence - which I have 
characterised as a conscious emphasis on direct perception of currently-present 
stimuli rather than on conceptual processing. I consider these two types of 
conscious mental activity as end points of the focus dimension of the model. 
Focus thus describes the degree of psychological presence versus absence in the 
environment. It is closely related to the interaction loop speed dimension in 
Figure 7.2; indeed, these are parallel dimensions, different ways of 
conceptualising essentially the same aspect of dealing with information. 

Conscious 

5 
Absence 

Unconscious 

Figure 7.3 The Three Dimensions of Experience 
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The other two dimensions are Locus - that is, whether attention is directed 
towards the virtual or the physical world - and Sensus - which is the level of 
attentional arousal, on a continuum from completely unconscious to fully 
conscious. The combination of these three dimensions provides a conceptual 
design space in which various types of experience, and computerised 
environments, can be placed. This has obvious implications for designing PST 
and other environments of various types and with varying aims. 

7.2.2 The Focus of attention 

Humans are complex creatures. We experience, sample and process information 
from reality, both consciously and unconsciously. We not only perceive the 
world around us directly, as do all animals; we also reflect on what we have 
perceived, rehearsing facts and events and trying out hypothetical scenarios in 
consciousness. As already stated, in this work absence is characterised as a 
psychological focus on such conceptual processing, and presence as a 
psychological focus on direct perceptual processing (of things that are present in 
the current environment, whether real or virtual). 

Despite reservations about existing models of presence (see Chapter 6), it seems 
necessary to consider experienced presence when trying to understand how VR 
environments might help develop conceptual learning in students. For example, 
Salzman et al. (1999) present a model that purports to explain this. But by 
failing to consider different aspects of the conscious experience of the learner, 
their framework comprises merely an interconnected web of situational 
characteristics. However, there are other significant dimensions of virtual 
experience to be considered. 

When in a virtual environment, presence is typically shared between the VR and 
the physical world. "Breaks in presence" (Slater and Steed 2000) are actually 
shifts of presence away from the VR and towards the external environment. In 
terms of the current model, this is a shift of Locus - see next subsection. But we 
can also have "breaks in presence" when attention moves towards absence -
when an observer is not attending to stimuli present in the virtual environment, 
nor to stimuli present in the surrounding environment - when the observer is 
present in neither the virtual nor the physical world. 

Note that I consider the notion of presence to be useful only as a way of 
describing how an individual experiences an environment external to their 
mental constructions. This distinction - between an internal conceptual world 
and an external perceptual (physical or virtual) world - is fundamental to my 
view of presence and its opposite, absence. Although dreams, daydreams, 
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images, fantasies and other mental experiences may be extremely vivid, they are 
in competition with the experiences underlying presence in real or in virtual 
worlds. Put simply, you cannot feel present in a virtual world, or in the real one, 
whilst also being lost in thoughts, dreams or fantasies. 

This is not, however, to assume a dualistic conception of mind along Cartesian 
lines, as some have suggested. Of course mind is a product of the material 
structure of the brain; but that is not to say that there is no difference between 
imagined worlds and perceived worlds - whether real or virtual. Not only is 
there such a difference, but also the balance of attention between the two 
determines the nature of our experience of the world around us - whether real or 
virtual. 

7.2.3 The Locus of attention 

Locus refers to the extent to which attention is directed towards the real world or 
a model of a world, as in a typical VR. This has implications for understanding 
the observer's relation to, and through, the technology. Below I will briefly 
recap the discussion of Ihde's categorisation of this relationship presented earlier 
(Chapter 3) and then use this as a framework for placing the Focus and Locus 
dimensions of experience. 

Immersion in VR is in some ways like residing in Plato's cave. As prisoners in 
the cave we experience only reflections of reality. We can contrast Plato's view 
(Plato, 1961) with Galileo's revolutionary (at the time) ideas of how knowledge 
is acquired - through careful observation of the real world aided by appropriate 
technology such as the telescope. Galileo's telescope was an example of an 
embodiment relation (Idhe 1990) between a person and technology. The 
technology is, as it were, taken into the experience and the world is perceived 
through the technology. The technology is between the observer and the object, 
and changes how reality is experienced - but it does not present a model of 
reality. Other examples of such embodied technology are microscopes, 
sunglasses, hearing aids and a blind person's stick (Merleau-Ponty 1962). 

At first sight, it seems that augmented reality (AR) might exemplify an 
embodiment relation between person and technology, since the user experiences 
the real world, albeit augmented with additional information. VR, on the other 
hand, apparently displays a different kind of relation between a person and a 
technology. Here, the observer experiences a model of reality as the only source 
of knowledge, and so could be seen as an example of what is termed a 
hermeneutic relation (Idhe 1990, 1993) - the technology provides a 
representation of some aspects of reality. Other examples of the hermeneutic 
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relation between people and technology include petrol and other gauges on a car 
dashboard, most of the instruments in an aeroplane cockpit, and the familiar (in 
north Sweden) wall thermometer indicating the outside temperature. 

But if we look again at VR and AR, this classification appears unsatisfactory. 
Although what is experienced in VR is a model, the model is presented as if 
real. The experience is directly perceptual and so more akin to the embodiment 
relation. And the augmentation inherent in AR generally involves conceptual 
interpretation, even though the real world is also perceived through the device. 
The necessary conceptual interpretation that AR demands of the user suggests a 
hermeneutic relation. In many ways, AR and VR break down the neat distinction 
between embodiment and hermeneutic relations (Idhe 1990, 1993). Both are 
perhaps seen as examples of a third class of relation, and we can identify a 
continuum for this relation ranging between the real world and a completely 
virtual world (similar to Milgram et al. 1994). This third class of relation is 
equivalent to Ihde's alterity (Idhe 1993). 

The technology in an alterity relation is seen as an "other", with "a life of its 
own within the environment that allowed this form of life" (Idhe 1990, p 99). To 
interact with the technology gives the sense of interacting with something 
"other" than either oneself or reality. The technology has a life of its own, and 
appears to be very unpredictable (Idhe 1993). To a certain degree both VR and 
AR can be seen as examples of this kind of relation, particularly those 
applications that do not have a simple connection to the real world (for example 
the artistic VR installations of Char Davies; 1998, 1999). In this kind of relation 
the user experiences a model (hermeneutic relation) and at the same time the 
experience does not have to be interpreted cognitively by the user (embodiment 
relation). Examples of AR demonstrating alterity relations can be found in, for 
example, medical applications such as ultrasound imagining (State et al. 1994). 
Here ultrasound echography imaging, a video see-through head-mounted display 
and a high performance computer graphics engine are used to provide 
augmented views of patient anatomy. When the physician moves a probe over 
the abdomen of the patient, slices are sampled into the volume of interest. The 
human, the technology and the reality are three separate parts in relation with 
each other. 

Taking relative presence and absence into account, as well as the notions of 
embodiment, hermeneutics and alterity, I propose a two-dimensional view that 
encompasses both the relationship of the technology to the real world, and the 
nature of the experience when interacting with, or through, the technology (see 
Figure 7.4). One dimension is thus presence versus absence (Focus), and the 
other is the extent to which the real world is experienced directly as opposed to 
experience of a model of a world (Locus). 
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Figure 7.4 -Focus and Locus in the relation between person and technology 

7.2.4 The Sensus of attention 

Sensus refers to the level of conscious arousal of the organism. Any living 
animal must process information continuously, and this is largely carried out 
unconsciously. Even as we sleep dreamlessly, our bodies are constantly 
monitored and maintained as, to some extent, is the surrounding physical 
environment. But our level of conscious awareness is very low, unless some 
internal or external crisis - stomach cramps or the sound of a window smashing -
prods us into alertness. Conscious arousal is one result of a basic physiological 
response to novel, threatening or other biologically-significant events, a 
response which underlies emotional affect and which we share with all animals 
of significant complexity. 

As repeatedly suggested, both conscious and unconscious states are important to 
creativity, and PST should be designed accordingly. 

7.2.5 VR evaluation in light of the model 

The spectrum of VR evaluation techniques outlined in the previous chapter can 
now be revisited in the light of the Focus, Locus and Sensus model. This has 
implications for the implementations of PST to be described in the next two 
chapters. 
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We have seen that the range of applications currently addressed through VR 
stretches from very constrained practical tasks for dedicated professionals - such 
as surgeons wanting to plan a minimally-invasive route for brain surgery - to 
artistic experiences that radically, if temporarily, change how people feel about 
themselves, their bodies, and the world around them. It makes little sense to try 
to apply the same evaluation techniques across this broad range. In HCl studies, 
it has been traditional to think of evaluation as something that revolves around 
users' purposes in terms of the tasks they wish to perform. VR can serve as both 
a task-related tool and a provider of experiences, and it is often impossible to 
correlate the quality of the environment or tool with time, accuracy, or other 
traditional objective performance measures. While it might be good to explore 
an information space very briefly, because that means one quickly found what 
was wanted (the purpose of the interaction was satisfied), a long browsing 
session might mean that much interesting material was found, even though it 
was not initially being sought after. The potential value of "traveller's tales" has 
been suggested as a subjective measure for the evaluation of interactive 
experiences where a task-based approach is not appropriate (Waterworth 
1997b). 

The problem is more than just tasks versus experiences. In artistic and some 
recreational applications of VR, the effect may be to render the immersant more 
or less incapable of giving a coherent account of his or her experience. People 
who have experienced emotionally very powerful installations such as Char 
Davies' Osmose (Davies 1998) will testify to the difficulties of expressing the 
nature of the event. In this respect, VR can be rather like a recreational drug, and 
the more powerful and effective it is the less likely we are to be able to give 
coherent subjective accounts. In these cases, internal, physiological measures 
have an obvious role. As suggested earlier assessment techniques can be 
arranged along a spectrum of application types (Figure 6.4). Below, the different 
parts of the spectrum are related to the three dimensional FLS model of virtual 
experience (Figure 7.5). 

At the far right, the concrete-internal perspective emphasises concrete, bodily 
experiences; Sensus changes due to VR exposure that can be measured 
physiologically. An example is in interactive art works that engage the 
immersant in a vivid, present reality; changes in physiological response are a 
strong indicator of the effectiveness of the VR (though not necessarily closely 
related to prevalent measures of presence, see Ijsselsteijn, Ridder, Freeman and 
Avons 2000). Another is in the way VR can be successfully used in the 
treatment of anxiety disorders, such as phobias, which require a re-programming 
of emotional bodily responses to certain environmental stimuli. A third example 
is to use VR for seriously handicapped people to let them experience things they 
could not do otherwise. One example of how to implement this is to use a tent 
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construction, similar to the interactive tent (described in the next chapter), and 
project an experience of being out in the wildness, maybe in the mountainous 
North of Sweden, where they can experience the feelings, smells, sound and 
vision of "being there". This might enrich and stimulate their everyday creativity 
and everyday life in general,, and is somewhat similar to the "bedside wellness" 
system of Ohsuga et al. (1998). 

Loots Focus Sensus 

External afe*tract External csœcretfc Interno} ä&sträct Internal 
giretto» 

htmrk 

teNsns 

m i wm *} 

fatowu 

typ«: 

AlifeÖfÜTifcf 
fwtttwsd 

gw&œiNd» typ«; rfer.r t̂o ĉtir 
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Figure 7.5 - The Spectrum of VR Evaluation Methods in Relation to the Model 
At the other end of the spectrum, the abstract-external perspective emphasises 
expert assessments of outcomes, and reflective processing of information. Here, 
a sense of presence is largely incidental, and the relation of the VR to external 
reality - Locus aspects - are of prime importance. Educational applications of 
VR typically fall between these two extremes, and benefit from detailed 
assessments of Focus - of presence versus absence. Depending on the nature of 
targeted learning, concrete measures such as speed on tasks, postural responses 
(Ijsselsteijn. Freeman. Ridder, Avons and Pearson 2000) or abstract measures 
such as subjective accounts and performance on written tests, may be more 
appropriate. Duration estimates can be a useful adjunct to both types of Focus 
assessment. 

The claim made here in relation to evaluation is that different types of VR 
application require different types of assessment and, further, I suggest that the 
three dimensional FLS model provides a useful perspective on the aspects on 
which to focus in evaluating PST applications of different types. 
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7.3 Designing PST for creative learning 

I propose a view of creative learning that follows from the three-dimensional 
model of experience presented above. This stresses the importance of breaking 
the sense of presence to carry the learner forward through various stages of the 
learning process (Dreyfus and Dreyfus 1986), and which also provides the 
necessary variation along the Sensus dimension. I suggest that the model could 
be used to understand the acquisition of conceptual knowledge as well as 
perceptual skills, although the learning situation differs between the two. 

From the theories and models described earlier it is clear that a PST learning 
model has to stress the importance of breaking the sense of presence to carry the 
learner forward in the learning process. As Norman says of purely experiential 
cognition: "It seduces the participant into confusing action for thought. One can 
have new experiences in this manner, but not new ideas, new concepts, advances 
in human understanding: For these, we need the effort of reflection." (Norman 
1993, p 17). This model also considers where the learner is in terms of skill 
acquisition stage. Another important factor is to try not to have long continuous 
periods where the learner has to use a high attention span. 

The main components of the model are the difference between absence and 
presence (Focus), the quantity of attention demanded at the moment (Sensus), 
and the five skill acquisition stages (Figure 7.6). 
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Figure 7.6 - A framework for understanding creative learning 

The framework is an aid to understanding, analysis and the design of creative 
learning environments. As mentioned before the framework applies both to 
conceptual learning and to perceptual learning, which by this view only differ in 
how they are performed. 
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An example of conceptual learning is, for example, when one wants to learn a 
new language (see Figure 7.7a). At first one has to learn a few single words and 
some simple rules to put the words together in order to create simple sentences. 
This takes all of the learner's attention and makes her absent - using abstract 
thinking. This is typical of knowledge in the two first steps in the skill 
acquisition stages, novices and advanced beginner. These stages are very 
abstract and conscious. Then suddenly the learner starts to experiment with their 
new learned skill and tries to speak the new language more spontaneously, 
which indicates that she has become competent and more present, but still a high 
degree of attention has to be used in order to practice the newly learned skill. 

As the learner becomes more and more experienced it is possible to use less and 
less attention in the interaction, but one still has to learn more words and rules 
which means every now and then to break the presence and return to absence. 
An expert does not need much attention to learn more because by that stage it is 
possible to learn at the same time as using the skill. This implies that the jumps 
between presence and absence are more or less unconscious, but that in a 
situation of need the expert has the possibility to switch to a high attention 
absence or a high attention presence depending on the situation. 

Figure 7.7 a) an example of conceptual learning, b) an example of perceptual 
learning 

When learning a perceptual (sensori-motor) skill on the other hand, as for 
example to ride a bike, the learner starts with learning the importance of keeping 
the balance of the bike and trying to practice that skill on the bike. This takes 
almost all of the learner's attention in a state of high presence (Figure 7.7b). 
After reaching the stage of preserving balance it is time to learn to steer, brake 
and control the bike, which leads the learner in to the next stages of acquisition 
skill, advanced beginner and competent learner. As the learner improves the 
skill she is able to use less attention riding the bike, and that attention could be 
used for other things. As in conceptual learning an expert does not need much 
attention to learn more because by that stage it is possible to learn at the same 
time as using the skill, so this implies that by the time the learner becomes 
proficient or expert the curves have become the same. 

As a more detailed example of perceptual learning in terms of the framework, 
consider a person who is quite good at cycling, but who has never cycled in 
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winter when it is frozen and slippery on the roads (here in Sweden, at least). We 
start with the position where our friend is out cycling and suddenly experiences 
the bike starting to slip and approaching to fall. This is a concrete experience 
where one's body and emotion perceive this input without the need for thought. 
The unconscious control most of the actions but our bike rider has to frequently 
sample the environment consciously. Time passes very slowly and suddenly a 
spar, an idea emerges of how to handle this new situation. This means a move 
from presence to absence to check the new idea. 

While absent time seems to pass faster in order to conceptually examine and 
create a plan for a new idea the biker has to stop sampling the environment as 
frequently as before. The consciousness takes control of designing and 
executing the plan, which means that the biker uses high attention thoughts, 
concretising the abstract mentally. After the new plan to solve the problem is 
formed, the biker has to judge and execute the plan, which leads to experiencing 
a changed situation, and the process continues. 

It is easy, in principle, to transpose this learning experience into a virtual 
environment, where all the relevant features of the experience are synthesised 
and learning proceeds in the same way as in real life, but without the potential 
for physical damage to the individual concerned. However, it is unlikely that the 
benefits would justify the costs involved in this case. Similarly, true-to-life 
sensori-motor simulations are exemplified by flight simulators and some 
rehabilitation systems for disabled individuals, where the high costs involved are 
justified by the importance of the application. 

As a more detailed example of conceptual learning, imagine that a class of 
intermediate level students in their history lesson is studying the battle of 
Waterloo. To learn about Napoleon in general and Waterloo in particular they 
are using a desktop VR application that is build like a role playing game. Every 
student has a part to play, for example one plays Napoleon, one plays Lord 
Wellington (who was in command of the English troops), and one plays Blücher 
(who was head of the Prussian army). We start our example where the student 
have arrived at Waterloo with the troops and are occupying initial positions. 
This kind of action demands presence from the student. The student frequently 
samples the environment in order to keep a watch on the current situation and 
discover any significant moves by the other players in the battle. The student is 
highly vigilant and experiences the environment richly, acting through 
unconscious control with the body and emotions largely in charge. Suddenly the 
game stops and the student gets a written question on the screen, specific to her 
own concerns in the battle. For example, the student may have to specify her 
plan of immediate action. 
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This surprising event breaks the sense of presence and forces explicit conception 
of the situation. The student no longer samples the environment as frequently as 
before and moves to high attention thought. This means that time seems to pass 
much more quickly and she starts to create a plan to solve the questions so as to 
continue with the game. When delivering the answers the student checks to see 
if it is likely to be right, which indicates that she judges the situation. If the 
question is answered reasonably the she is allowed to continue the game, 
switching back into a state of presence. Suitable cues must be provided by the 
environment to engender such periods of presence, which motivate and engage 
the student. Surprising breaks in the virtual action force periods of explicit 
conceptual learning, rewarded with presence during another episode of more 
direct experience. 

Oscillating between presence and absence is more powerful than either in 
isolation. Pure presence would be engaging, at least in the relatively short term, 
but would not lead to much explicit conceptual learning, although some implicit 
perceptual knowledge might adhere to the student. Pure absence - the same facts 
conveyed through a lengthy, "dry" lecture perhaps - would not be sufficiently 
engaging to hold the attention. In the latter situation little long-term perceptual 
or conceptual learning would take place, although the student might be able to 
cram in enough facts to pass a written test in class. 

7.4 An integrated model of PST for everyday creativity 

The starting point for creating a model of PST in everyday creativity is the 
model of the creative process outlined in Chapter 6. To recap, these are: 

i) preparation (including sensory stimulation), 

ii) incubation (often involving isolation and/or relaxation), 

iii) illumination (a new insight), 

iv) reflection (analysing the insight) and 

v) elimination (discarding useless material). 

All five steps of the creative process should be covered by an integrated 
approach. This indicates that the individual has to switch between both presence 
and absence and also to switch between consciousness and unconscious 
processing, depending on where she is in the creative process. 
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In the first phase, preparation, the individual tries consciously to solve her 
problem, or in the case of explicit learning tries to understand the topic to be 
learned. In order to do that facts are collected and an attempt is made to include 
them in already learned and accepted knowledge. According to the FLS model 
and the wheel of creative learning this indicates that, consistent with the Focus 
dimension, there are quick switches between presence and absence, pointing 
towards sharing the attention between these two with a slight turn in each 
direction every now and then. As stated earlier, it is very important the there 
exist breaks every now and then in order to encourage these moves along the 
Focus dimension. In this phase the problem or topic is formulated and facts as 
well as material are collected. This is the phase that could most obviously 
benefit from rich sensory stimulation, as the same information is experienced in 
different ways, ideally including different modalities (to tap the potential 
benefits of artificial synaesthesia - see Section 6.2 of the previous chapter on 
creativity). 

After some more or less unsuccessful tryouts, and the individual does not quite 
grasp the information in order to really understand and be able to use the new 
knowledge, and hence leaves the problem and enters into the second phase, 
incubation. During this phase the individual more or less forgets about the topic 
and starts to do other things, in order for the unconscious to take over the 
process. In relation to the Sensus dimension of the FLS model this entails that 
the unconscious takes over the process and as a result the individual is free to 
direct her attention elsewhere. Because of this, the Focus dimension is not 
directly relevant the process during this phase. Locus is, however, relevant since 
it is important that the individual during this phase transforms herself into the 
creative personal space, imaginary, virtual or real. As stated before, the creative 
personal space is more like a state of mind that the individual enters in, to feels 
safe and relaxed. On the other hand it could also be a physical space, as for 
example where people believe that they get their brilliant ideas when they are 
out walking in nature, alone on the bus or in a bath or bar, or even when they are 
in bed. Expressed as components of creativity, it is important at this stage that 
the individual (the creative person) is in the personal space (the creative 
environment) where she can relax and feel safe in order for the unconscious to 
open up memory to mix and process the information, i.e. to produce the creative 
product. 

Then suddenly, most likely when the individual is still in the personal creative 
space, illumination occurs. The individual gets a flash of insight, a sensation of 
knowing, all the relevant information fits in place and she suddenly knows how 
to use it. The implication of this is that the idea appears in consciousness as a 
solution to the problem, or that the individual suddenly understands the to-be-
learned topic. When the insight suddenly flashes into consciousness, the 
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individual transforms on the Focus dimension towards absence and directs her 
attention away from the environment, in order to deal with the newly gained 
knowledge and check that it is coherent and right. An implication of this is a 
transformation along the Sensus dimension from unconscious to consciousness. 
This phase is usually quite short and the move to the fourth phase, reflection, 
happens rapidly. 

During the reflection phase the idea is played with, compared, adjusted and to 
some extent enhanced in order to prepare for the last phase. This denotes that the 
insight is checked and compared against reality (shifts along the Locus 
dimension) in order to find out if the insight is really useful to the individual. If 
the environment supports it, the individual will also oscillate between presence 
and absence - along the Focus dimension. The insight is further enhanced and 
adjusted as a result of this testing. During this phase the individual resides 
mostly on the conscious side of the Sensus dimension. 

The result from the reflection phase guides what will happen in the last phase, 
elimination. Elimination refers to a cleaning process where ideas that have been 
tested and found wanting in the previous stage are removed, and the individual 
may re-enter the process at an earlier stage. 

An integrated model of PST applied to everyday creativity is depicted in Figure 
7.8. This includes absence versus presence (Focus), conscious versus 
unconscious (Sensus) and a model versus the real world (Locus). The wheel of 
creative learning (see Chapter 6) represents a model here, and the landscape 
represents the real world. One aspect that cannot be depicted in a two 
dimensional still picture is that the different components of the model are 
moving relative to each other, as we saw above. 

Figure 7.8 An integrated model for the design of PST 
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This integrated model provides a basis for designing computerised perceptually-
seductive environments that stimulate everyday creativity. Several initial 
prototype implementations have been made, each based on some elements of 
this integrated model. The construction of these implementations, and 
evaluations of their use, is described in the next two chapters. 
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8. Implementing Perceptually-Seductive Environments 

This thesis rests on three foundations and the links between them: perceptual 
seduction, creativity, and learning. In the previous chapter, the links between 
perceptual seduction and learning were emphasised, especially the importance of 
alternating between a sense of presence in an environment (a function of 
concrete, perceptual processing of information) and "absent-minded" reflection 
(in other words, more abstract, conceptual processing of information). 

The model of the creative process presented in Chapters 6 and 7 (summarised in 
Figure 6.7 and recapped in Section 7.4) frames the design of PST in general. An 
environment could be designed to support all or any number of the phases. 
Different implementations might then support different phases, and would 
consequently have very different features. An environment to support 
incubation, for example, might engender quiet relaxation, whereas one aimed at 
preparation might produce extremely lively sensory stimulation. 

The Focus, Locus and Sensus model, described in the previous chapter (Section 
7.2) provides a design space for perceptually-seductive environments. It also 
leads to predictions about how such environments will be experienced, and 
points to ways in which their effects might be evaluated. 

This chapter describes one implementation of the idea of a perceptually-
seductive environment - the Interactive Tent - in some detail. An experiment 
conducted on materials created for an interactive production within the Tent -
the Illusion of Being - is also described. This tested the extent to which aspects 
of the Focus, Locus and Sensus model, used in the design of the production, had 
the predicted effects on the experience of participants. 

The Interactive Tent is a novel environment designed and produced at the 
Interactive Institute Tools for Creativity studio in Umeå. It was expressly 
designed as a suitable environment for certain phases of the creative process 
suggested in this thesis, especially preparation (involving sensory stimulation) 
and incubation (involving mostly relaxation). Two salient characteristics of the 
Tent help achieve this purpose: the fact that the solitary "occupant" is lying 
down and experiencing an immersive display of information, and the use of 
sensors to allow the display to be modified according to both the occupants 
conscious movements and their bodily state (of which they may not be 
conscious). 

The final Section of the chapter outlines the approach taken to implementing 
PST for more obviously educational environments for a learner's personal use. 
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Drawing on the discussion of different ways of relating to technology presented 
in the previous chapter (Section 7.2.3 on The Locus of Attention) and earlier in 
Chapter 3 (on philosophical connections), two different approaches are taken. 
One views PST as similar to a cave, which is implemented as a desktop virtual 
reality. The other is a form of augmented reality, where relation to the 
technology is somewhat like the use of a telescope. 

Three different implementations are described and contrasted, two versions of 
the VR-based approach, and one of an AR-based design. In the following 
chapter, these implementations and their formative evaluations are described in 
detail. 

8.1 The Interactive Tent and the Illusion of Being 

In a Tent we are secluded but also in touch, with nature and with ourselves. An 
ordinary Tent can provide a meditative, relaxing environment, but also an 
aesthetically or intellectually stimulating one. We can refresh ourselves and 
explore new thoughts. A Tent can be a very personal, unthreatening and 
emotionally engaging place. These characteristics guided our choice of using a 
tent-like structure as one environment in which to implement perceptually-
seductive spaces to support parts of the creative process. 

8.1.1 The Interactive Tent 

As already mentioned, the Interactive Tent (Figure 8.1) was designed to be an 
environment within which several of the stages of my hypothesised creative 
process could be realised, especially preparation and incubation. It is thus a test-
bed for experimenting with the nature and possibilities of experience in virtual 
environments, as characterised by my Focus, Locus and Sensus model (see 
Section 7.2). Moreover it can be a place where it is possible to simulate and 
enter into one's personal creative space in order to support the creative process, 
because it is designed for a solitary user. The Tent was conceived as a retreat 
from the pressures and external stimuli that can disturb ones creativity, the sort 
of place where one can experience novel sensations or merely relax in a tranquil 
setting - the sort of personal space where good, novel ideas would rise to 
consciousness. 

The Tent has a simple and inexpensive material structure - rather like a normal 
tent. Video images are projected onto the outside of the tent, which is 
constructed from back projection material, and viewed from inside as an 
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enveloping visual display. There is also a 3D sound system and an inlet for 
smells, providing the potential for multimodal information presentation. A 
powerful sound system with large subwoofer ensures that low frequency sound 
are not only heard but felt in a visceral way. We have not yet experimented with 
the use of smell, however. An unusual feature of the Tent is that the occupant is 
lying down whilst experiencing highly immersive displays. 

c •jĴ " 

Figure 8.1 - the Interactive Tent 

We can also manipulate, and/or allow the occupant to control, the nature of 
displays: to stimulate presence or absence (Focus), and vary the degree of 
realism - effectively moving the occupant along the real-modelled dimension 
(Locus). Exactly how the occupant interacts with the Tent is also of great 
importance - this can be more or less conscious and deliberate (Sensus). 
Different kinds of sensors can be used to detect conscious or unconscious 
behaviours of the Tent occupant. For example, depth of breathing or general 
posture could be used to control the display in some particular way. This has 
quite a different effect on the level of consciousness needed to interact than if 
arm gestures or spoken commands are used (in other words, these vary on the 
Sensus dimension). Char Davies used breath and balance as ways for the 
"immersant" to navigate in her immersive VR art piece, Osmose (Davies, 1998), 
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and this very bodily form of interaction seems to produce a particularly 
receptive state of consciousness. 

8.1.2 The Illusion of Being 

The Illusion of Being is a production for the Tent, created like the Tent itself, by 
members of the Interactive Institute Tools for Creativity studio in Umeå. The 
Illusion was designed to allow participants to experience the Focus, Locus and 
Sensus model of experience outlined in the previous chapter, in a vivid and 
moving way - a way that is both experientially poignant and thought provoking. 
This was done by transporting the Tent occupant between states of excitement 
and calmness, and between modes of presentation which elicit thought or direct 
sensory experiences. The production was thus designed to instantiate the Focus, 
Locus and Sensus model as an interactive art piece. 

In the Illusion of Being, the Tent occupant is carried through a cycle of four 
"elements": snow, fire, earth, and water, as shown in Figure 8.2. The light 
(snow) - dark (earth) opposition symbolises the poles of the Sensus dimension 
of conscious-unconscious. Both extremes of white (representing pure 
consciousness) and black (representing pure unconsciousness) are silent and 
still, whereas the other poles, fire and water, are both extremely noisy and 
visually lively. 
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Figure 8.2 - Cycle of Elements in The Illusion of Being 

The other two dimensions, Focus and Locus, are exercised dynamically through 
the behaviour of the Tent occupant. In its current implementation, pressure 
sensors were used to detect head movements. Moving the head in one direction 
determines whether the elemental cycle is experienced in a concrete, perceptual 
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way or in a more abstract version requiring conceptual processing (the Focus 
dimension). As shown in Figure 8.3, moving the head in the other direction 
determines whether what is experienced is captured from reality or is entirely 
synthetic (the Locus dimension). 
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Figure 8.3 - The Four Media Streams in The Illusion of Being 

To make this possible, members of the studio produced four versions of the 
simple elemental "story" described above. The four versions of the same story 
run in synchrony and continuously, although the occupant experiences only one 
at any one time. A shift in head position causes the presentation to change to the 
appropriate parallel track - real/concrete, real/abstract, virtual/concrete or 
virtual/abstract, which are characterised as follows: 

• Real/Concrete - filmed events with natural soundtrack (Camera stream) 

• Real/Abstract - text, sketches and spoken words describing events 
(Words stream) 

• Virtual/Concrete - detailed virtual reality version, with synthesised sound 
effects (3D stream) 

• Virtual/Abstract - wireframe 3D with text labels and stylised synthetic 
sound effects (Wire stream) 

These four media streams are designed to instantiate alternative ways of 
experiencing (as characterised by the Focus and Locus dimensions of 
experience) the same underlying reality of the relentless cycle of the elements. 
The prediction was that participants would feel present or engage in reflective 
thought, depending on the type of stream they were sampling - concrete or 
abstract. It was also expected that whether the material was originally sampled 
from reality or from a virtual model would have an effect. Changes in the 
occupant's bodily attitude determine which stream is experienced at any given 
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time, in a metaphorical allusion to the way in which mental attitude affects one's 
experience of being in the world. 

Several hundred people have now experienced the Illusion of Being, and these 
public exhibitions suggest that it meets the goal of providing an emotionally 
compelling and thought provoking experience. An interesting outcome has been 
that several Tent occupants report psychological changes depending on which 
media stream they are experiencing at any given time. The Illusion experience is 
often reported to be both memorable and moving and, less often, disturbing or 
frightening. I suggest that this is at least in part due to the changes between 
abstract and concrete materials, producing states of subjective presence and 
absence, that every participant experiences. A few participants report feeling 
more creative after the experience, and a small number have even referred to 
feelings of death and rebirth. Of course, the effectiveness of the Illusion to a 
large part depends on the very high quality of materials produced by members of 
the studio. I suggest that is also, at least to some extent, a product of the unusual 
Tent environment and way of interacting with the displays. 

The Illusion of Being exemplifies one aspect of the research approach of the 
Tools for Creativity studio, whereby we test theoretical formulations, about 
performance or experiences in an innovative interactive environment, by 
creating an artistic production around the predictions of the theory. That the 
production was a success in artistic terms can be taken as partial validation of 
the theoretical approach taken (the Focus, Locus and Sensus model). The effect 
of the different media streams on individual experiences was also tested more 
scientifically, as summarised below. 

An experiment was carried out at the Tools studio by Johanna Holmgren and 
Tomas Rimbark (undergraduate D-level students of Informatics at Umeå 
University) to test whether the different media streams had the predicted effects 
on sense of presence (more presence with concrete presentations). Estimates of 
subjective duration were also taken, to test the prediction that periods with a 
high sense of subjective presence seem longer than periods of relative absence. 
The experiment also investigated the effect of the real-virtual distinction. 

8.2 Presence and subjective duration 

The relation between presence and experienced duration is a contentious issue. 
Different researchers disagree on how presence affects the subjective experience 
of duration. Several researchers have suggested, contra the suggestion made 
here, that when the degree of presence of an experience is high the subjective 
duration will be short (e.g. Ijsselsteijn et al., 2001; Lombard, 2000). 
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The experiment was carried out with student volunteers in the Interactive Tent, 
and using the four different "streams" produced for the Illusion of Being, as 
described above. As already mentioned, two of the streams were designed to 
elicit concrete processing and two were designed to elicit abstract processing. 
One of each of these pairs of streams contained content captured from reality, 
while the other contained virtual or modelled content, as described in Section 
8.1.2 and illustrated in Figure 8.3. 

Sixteen volunteers were tested individually in the Tent. Four different durations 
of the media streams were used - 23 sec, 50 sec, 77 sec and 104 sec - in a block 
of randomised order. Immediately after each sequence, the volunteer was asked 
to estimate its duration in minutes and/or seconds. After each stream (four 
sequences in a block), the volunteer was brought out of the Tent to fill in a 
questionnaire, to assess the presence experienced during that media stream. For 
this, eight questions from the Igroup Presence Questionnaire (IPQ) of Schubert 
et al. (in press) were used. 

When an Analysis of Variance (ANOVA) was carried out, the results revealed a 
highly significant effect of media stream on rated presence (F=43.19, p<.0001), 
as predicted from the Focus, Locus and Sensus model. The average presence 
ratings for 3D and Camera (the two concrete streams) were significantly higher 
than the ratings for the two abstract streams (Fisher's PLSD test, p<.05). The 
Wire stream produced a rather low presence rating, much lower than the two 
concrete streams, but had a higher presence rating than the Words stream (see 
Figure 8.4). 

Each volunteer's perception of duration was compared with his or her presence 
ratings for each of the four media streams. There was a significant positive 
correlation for the Wire stream (abstract/virtual), with higher presence ratings 
being significantly correlated with longer duration estimate (R= .57, p<.05). 

There was also a positive correlation of the same type for the 3D 
concrete/virtual stream, but here the relationship was weaker and only 
approached statistical significance (R= .426, p<.10). 

For the other two streams (abstract/real Words and the concrete/real Camera), 
there was no evidence of any correlation between rated presence and judged 
duration. This pattern of correlations suggests that the real-virtual (Locus) 
dimension may have an effect on the relationship between rated presence and 
estimated duration. Specifically, these two factors tend to be positively 
correlated for virtual content, but unrelated for streams with real content. 
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Figure 8.4 — Rated Sense of Presence (mean values for each question) 

The suggestion that subjective sense of presence increases with more concrete 
processing, but decreases with more abstract processing was thus clearly 
confirmed, emphasising the importance of the Focus dimension of experience. 
But the idea that duration estimates can be used as an indicator of presence was 
not supported, since an analysis of variance revealed that there was no direct 
effect of media stream on subjective estimates of duration. 

There was no evidence that sense of presence and duration experience are 
inversely related, as Ijsselsteijn et al. (2001) and Lombard (2000) have 
suggested. There was, however, a tendency for duration estimates to be 
positively correlated with rated presence, but only with content categorised as 
virtual. With real content, there was no correlation at all. This could be taken as 
weak confirmation of the validity of the Locus (real-virtual) dimension of the 
model. 

Overall presence ratings for individual volunteers indicate very different ratings 
after having experienced the same media streams. Part of the explanation for this 
may relate to the great differences people reported from experiencing the 
Illusion of Being production, as mentioned in Section 8.1. Different people 
responded to different aspect of the production in different ways. Some liked the 
exciting, active scenes, others preferred the more tranquil aspects. Some found 
the experience frightening, others deeply moving, intriguing, or boring. It seems 
reasonable to expect that mood and artistic tastes of individuals would affect 
rated sense of presence. 
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Sometimes people experiencing The Illusion of Being reported feeling 
extraordinarily present in the environment - more so, in fact, than in the real 
world. This could be because of the combination of bodily, non-linguistic 
interaction with a sense of physical and social safety, in a personal, protected 
space. Perhaps we can safely afford to be more present in the Tent than we 
normally are in the world, because in the outside world we must almost always 
reserve some conscious capacity for reflecting about our own safety - both 
physical and social. 

8.3 The Cave and the Telescope 

As described in Section 7.2.3 (on the Locus of attention), it is possible to loosely 
characterise VR-based implementations of PST as like being in a cave (after 
Plato) and AR-based implementations as more like looking through a telescope 
(after Galileo). Designs derived from these two approaches were implemented 
as prototypes - the Cave and the Telescope. The aim was to begin to develop 
PST in forms that could readily be evaluated in schools, homes and offices. 

In the case of the Illusion of Being described above, the variation along the 
Locus dimension (real-virtual) could be seen as corresponding roughly to more 
Cave-like (virtual) versus more Telescope-like (real). However, although the 
Tent environment was designed to be general purpose, its structure is undeniably 
more similar to a Cave than a telescope. This structure is probably part of the 
appeal of the Tent, but it is not suitable for use in educational settings. 

The Cave was implemented as a desktop virtual reality in two versions. The 
appearance of the application was either a typical Shakespearean theatre from 
the Elizabethan period, or a direct model of the student's own classroom. In the 
theatre or classroom different lessons are placed, in accord with ancient 
mnemonic techniques reviewed in Chapter 4. 

Another approach would have been to use immersive virtual reality, where the 
student puts on a helmet and is completely immersed in the environment. One 
advantage of such an implementation is that it transfers the student into a 
personal space where she might feel safe, comfortable and where would not get 
distracted by others. But this has also a major drawback since that leads to the 
person not being able to communicate with other students or with the teacher 
and also not being aware of what is happening in the real environment. There 
are other disadvantages with immersive VR, one of which is the high cost 
involved in the equipment. Most secondary schools today, at least here in 
Sweden, have tight finances, which makes it hard to motivate the cost of the 
equipment needed in order for the students to use such applications. Another 
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problem is how to handle the interaction with the learning application, e.g. the 
theatre or the classroom, and the actual topic to be learned. 

In sum, in the Cave version of a PST environment we used a desktop virtual 
reality of either a Shakespearean theatre or a direct model of the student's own 
classroom. 

There are several ways in which PST could be implemented as a Telescope. The 
basic idea is that it should be implemented as a form of augmented reality, but 
there are several possible ways that this could be achieved. The first, maybe 
most obvious, is to use see-through glasses, and put tags in the classroom 
representing objects which trigger the lesson to start when selected. The lessons 
are superimposed on top of the view of the real world classroom as extra 
information. One advantage of this is that the student can easily switch between 
the learning application and the topic to be learned in a relatively unobtrusive 
manner. On the other hand there are several disadvantages with this approach, as 
for example the quality of existing see-through glasses is quite poor, and they 
give a narrow view for the wearer. Another problem with this approach is that it 
demands that the student moves around the classroom, so that she is relatively 
near a tag in order for the glasses to display the superimposed sign and selected 
lesson. That would make it disruptive for the other students. Furthermore this 
would not make it possible for the student to work at her desk or computer at the 
same time as viewing the lesson. 

Another technique to implement the Telescope would be to use the augmented 
glasses that are not possible to see through and show a model of the classroom, 
or even a filmed version of the classroom that includes the objects that start the 
lessons. This implementation is very similar to the desktop version of the Cave, 
The difference is that the desktop version is shown on the screen and the 
Telescope version shows the virtual world in the glasses. In this version of the 
Telescope the student sits at her desk and can at the same time work with the 
computer even though she then has to take the glasses off. 

A third version of the Telescope would be to implement something similar to the 
MagicBook approach (Billinghurst et al. 2001). MagicBook is a Mixed Reality 
(MR) that, according to the authors, allows for a seamless transition between 
physical, augmented and virtual reality. It looks like an ordinary book that can 
be read in the ordinary way. At the same time it has a handheld display that 
enables the user to view three-dimensional virtual images that appear overlain 
on the pages. In addition, it is possible to fly into the scenes and experience 
them as immersive VR worlds. In the suggested implementation for PST in an 
educational setting, the learner uses a book with text about the learned topic and 
images that are the entrance to a virtual world. The learner interacts with the 
book by using augmented glasses and by looking at an image the learner is 
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transferred into the virtual world, in this case the memory theatre or the 
classroom. By using the augmented glasses the learner can either fly over or 
move around in the memory theatre or classroom and look for lessons similar to 
the style of interaction described above for the other implementations of the 
Telescope. 

An advantage of this approach is that the student can stay at her desk during the 
session and because of that, even work with her computer. The style of 
interaction is fairly unobtrusive given that it is rather easy for the student to put 
the glasses on or take them off depending on the chosen action. Another 
advantage is that in the book it is possible to mix abstract information expressed 
in ordinary language with images that represent concrete information where the 
learned topic is put into practice. This demonstrates how abstract information 
can be mixed with concrete information in a smooth way. This provides the 
necessary switches between presence and absence on the Focus dimension. 

The Telescope was actually implemented as a version using video see-through 
of the physical environment. The Cave was implemented in two versions, the 
Memory Theatre or the Classroom Theatre, as described above. 

The next chapter describes the designs and evaluation of these educational 
environments in detail. The main aim was to gain feedback on the strengths and 
weaknesses of the designs, based around the notion of two different ways of 
relating to technology, as perceptually-seductive environments for learning 
specific information. 
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9. Experiences with the Cave and the Telescope 

In this chapter, three formative evaluations are described, and related to the 
design of perceptually-seductive environments in general. The studies are 
presented in the order in which they were carried out. The first examined two 
desktop VR "memory theatres" designed around the idea of PST as a Cave. In 
one design, the memory theatre resembled a familiar environment; in the other it 
was a fantasy world. In the second evaluation, one of these Cave designs - the 
familiar environment - was compared with an AR environment based around 
the idea of PST as a Telescope. In the third evaluation, two versions of the 
fantasy Cave were accessed over the Web. See the previous chapter (Section 
8.3) for a discussion of the ideas behind the Cave and the Telescope. 

9.1 The Cave 

The first study explored the use of perceptually-seductive technology applied as 
computerised memory theatres in an educational setting. The approach adopted 
was a formative evaluation where students used two different desktop VR 
memory theatres, the Classroom theatre and the Memory theatre, during a period 
of two weeks per memory theatre. The Classroom theatre was a simplified 
version of the real classroom where the students have their lessons. One of the 
main ideas behind the design of the Classroom theatre was that it is familiar to 
the students. The Memory theatre, on the other hand, was designed as a typical 
Shakespearean theatre in the same style as Robert Fludd's memory theatre (see 
Section 4.2). In this case the idea was that the environment is not something that 
is real or known to the student; it is a fantasy world. The environments were 
evaluated and compared in educational use by secondary school students with 
special needs. 

The following account of the initial evaluation of the Cave concept includes a 
description of the two theatres, a statement of the aims of the assessment, a 
description of the method used, a detailed description of the obtained results and 
conclusions, as well as suggestions for further development and improvements 
to the two theatres. The evaluation of the Telescope concept and comparison 
with the Cave is described in Section 9.2. 
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9.1.1 Description of the two theatres 

Both theatres, the Memory theatre and the Classroom theatre, were designed to 
make it fun to learn and to stimulate the student's personal everyday creativity. 
They were aimed at engaging the learner, through a sense of presence in a 
virtual world, and locating conceptual information within an environment 
demanding perceptual interpretation. In this way, they were intended to evoke 
the necessary shifts between presence and absence for creative learning. 

The basic approach behind the applications was to use two different designs of 
memory theatre to hold the information to be learned. It could be seen as an 
attempt to integrate traditional education and some types of computer games, 
based on old mnemonic techniques. The designs were based on the ideas of 
perceptually-seductive technology (PST) outlined earlier, although it was not 
possible to be as perceptually-seductive for this application as it was for the Tent 
production described in the last chapter. As already stated, PST is an approach 
to design that uses a class of IT that can be seen as sensory augmentation, where 
information is presented in multiple modalities, in concrete forms and in 3D 
spaces which may be real, virtual or both. 

The two theatres run in web-browsers, which have plug-ins that support both 
VRML-code, and Flash-applications. The structure of both theatres is as a web-
page consisting of two frames, one that shows the VRML-world of the actual 
theatre and the other that shows the Flash-movie of the actual lesson (Figure 
9.1). Once in the VRML-world, the learner "walks" around the theatre to find 
clues to the lesson that he or she is going to study. The lessons were hidden 
behind different kinds of objects in the theatre, for example on doors, balconies, 
computer screens or whiteboards. When the learner points to a marker in one of 
these places a message is shown to indicate which lesson he or she is pointing at. 
The Flash-movie of the lesson starts in the right-hand frame when the learner 
clicks on the marker of the lesson. 

The lessons were based on the book Datorkunskap - DAA200 (1999) that is 
used to teach basic knowledge of how to handle a computer. It includes among 
other things lessons for learning Microsoft Excel™ and Microsoft PowerPoint™. 
The first session of the evaluation was based on learning how to use databases in 
Microsoft Excel™. In this session all the information that was in the book was 
represented in the different Flash-movies of the lessons. There was no sign of 
where the exercises were hidden apart from the message that was shown at the 
bottom of the window. 

The second session of the evaluation was based on learning Microsoft 
PowerPoint™. The learner got the general information from the book or the 
teacher and only exercises were included in the films. The exercises were based 
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on the same theme as in the book but the actual tasks were different. In this 
version of the theatres there was a coloured sign where a lesson was hidden 
unlike the first version used in the first session. 

The Classroom theatre (Figure 9.1a) was a simplified representation of the 
learner's actual classroom. It included the main objects in the room, but minor 
objects were excluded. The Memory theatre (Figure 9.1 b) on the other hand 
was a fantasy world designed as a Shakespearean theatre from the middle ages, 
according to Robert Fludd's ideas of memory theatres (see Chapter 4). It 
consists of brick walls, balconies, pillars and so on. 

Välkommen till 
Klassrumsteatern 

fra runt t klassrummet och leta «fter övningar. HSU markören Över olik« «kker i rufnmet och 1« nertilf vilktrt Övning se« visas i detto fônsttr rtàr du kliekor på de» valdó soke*. 
t » -
Zw. Mr bf«1*«!!» 

SI**? fil fr < 
<twt 

JO 

Välkommen t*H 
Minnest«ot«rn 

64 runt i »«tur» «fc tet* eft«r 
ôvninçar Häll mwtórot dvtr 
«lik« s<jk«r i rvmroe* och läs 
ncrtiJi vilken dvnitç sam vi$as > 
detta fonstw nar du klickar p2 
6tn vendei »oken. 

IwtfrA Www*»*» 

Sw ̂  «swkwW .f» .»Wirt«* A :: 
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Figure 9.1 a) The Classroom theatre, b) The Memory theatre. 

The learner worked her own way through the material, at her own speed; there 
were no time constraints placed on the learner during the interactions with the 
theatre. In addition to the applications, the learner was free to use other sources 
of help such as the reference book, a teacher or another assistant. 

9.1.2 Aims of the evaluation 

Given the objectives of the memory theatres, this evaluation was aimed at 
assessing whether this kind of application, more specifically a desktop VR 
application, and the ideas behind PST engage the learner in the topic and make it 
more fun to study. The evaluation provided feedback on the design of various 
components of the applications, in order to come up with improvements and 
further developments of the theatres, so that they fulfill the aims to improve 
everyday creativity and memory within the learner. At the same time they 
should engage the learner, who finds it more fun to study. In this evaluation 
comments on the design and how they experienced using the applications were 
provided by the students. A comparison was made between the two different 
theatres, the Classroom theatre and the Memory theatre, and also a comparison 
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of the two different versions of the content, i.e. the full version of the 
instructions and the version that included only the exercises. 

The evaluation was conducted at Riksgymnasiet för rörelsehindrade at 
Dragonskolan in Umeå, Sweden, a school for students with special needs. The 
persons participating in the evaluation attend the first year of upper secondary 
school (in Swedish, "gymnasium"), in an introduction course on computers in 
general and different computer programs specifically. The actual lessons in the 
first session were for the students to learn about databases in Microsoft Excel™, 
and the second sessions were about learning Microsoft PowerPoint™. The class 
consisted of seven students with different kinds of disability. Two of the 
students where absent during all the sessions because of illness, while the other 
five students participated in all sessions. These five remaining students were all 
boys aged between sixteen and seventeen. In these kinds of classes the students 
are often absent from school because of treatment or illness, but during these 
sessions the five students were present even though they did not always feel 
quite well. Whether that was a coincident, a Hawthorne effect or whether they 
truly enjoyed using the application is hard if not impossible to judge. 

9.1.3 Evaluation method 

The evaluation was a formative evaluation because it provided feedback on the 
software and suggestions for improvements of the design. A summative 
evaluation, as opposed to a formative one, is generally meant as the final 
assessment of whether or not a finished system should be adopted, while a 
formative evaluation aims at improving a prototype system that is still under 
development. In the present case the students' subjective judgements were the 
principal source of data. 

The software was examined through assessment of the students' opinion by 
administering a specially designed questionnaire (see Appendix 2 and 3) where 
the students evaluated and also compared the two different theatres. 

Before the actual evaluation took place, the students were instructed how to use 
this type of software, more specifically how to navigate in a virtual VRML-
world. This was accomplished by letting the students practice on a similar 
application, more exactly by playing the web-game Barriers - The Awareness 
Challenge created by The Rehabilitation Sciences Virtual Reality (RSVR) Lab 
at the University of Ottawa, (http://www.health.uottawa.ca/vrlab/start.html). 
During the first lesson using the software the students were introduced to the 
structure of the software and how to use it. Half of the group of students had 
access to the Classroom theatre first and the other half of the group had access to 
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the Memory theatre first. After the introduction the students worked with their 
respective theatres. After using one of the theatres for two weeks, six one-hour 
sessions, the students were given a questionnaire to evaluate the theatre they had 
used and how they experienced using the theatre in question. 

In the following two weeks of six more one-hour sessions, the students switched 
theatre and used the theatre they had not used previously. After this session the 
students got the same questionnaire as after the first session in order to evaluate 
the theatre they had used second and how they liked using the theatre in 
question. At the same time the students were given a third questionnaire that 
evaluated the theatres in general and also invited a comparison between the two 
theatres. 

The aim of the assessment was, as mentioned before, to evaluate how the 
environments were experienced (such as whether they were fun to use and 
whether they made it seem easier to learn) and how to improve the designs in 
later implementations. The software used in this evaluation was somewhat basic 
and I suspected that it did not take full advantage of the potential of PST, that 
the software in itself was not engaging enough, but I thought that it was valuable 
as a first prototype to get feedback from - in order to see whether the 
implemented ideas were useful and worth taking further. The evaluations gave 
both direct and indirect feedback from the students, the teachers and the 
assistants, but also from my own observations. 

Another aim was to see whether there was a difference between using a familiar 
environment as compared to using an imaginary environment. In the evaluation 
the familiar environment was implemented as a simplified virtual world of their 
classroom, where the different lessons where hidden behind different objects in 
the classroom. The motive behind using the classroom as the familiar 
environment was that the room is actually present during use and also that it is 
common to all the students. The imaginary environment was implemented as a 
fantasy theatre inspired by the Robert Fludd's memory theatre that has some 
similarities with a typical Shakespearian theatre from the Middle Ages. 

9.1.4 Results from the questionnaires 

In this Section I present the averaged results for each question separately for all 
three questionnaires. Since the first two questionnaires (one for each version of 
the Cave) were exactly identical I present the results from these questionnaires 
together, and the third questionnaire (the comparison of the two versions) 
separately. 
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The rating scales on the questionnaires were designed to alternate the order of a 
good/bad rating to the left and to the right, but in the presentation of the results 
below some of the rating scales have been reversed for ease of reading, so that 
all good ratings were at the right and all bad ratings were to the left. The 
descriptive values on the scale have been translated to a numeric value in the 
analysis. The lowest value, the value to the left, of the scale has been assigned 
the value of 1 and the highest value, the value to the right, has been assigned a 5 
on the numeric scale. The statistical significance of the results was assessed by 
paired comparison t-test. The t value and probabilities are listed below for those 
comparisons that revealed a significant difference or that approached 
significance. 

The first question was how interesting the Classroom theatre / Memory theatre 
was (see Table 9.1). The mean value for using the Memory theatre was 2,04 and 
for the Classroom theatre 2,18. One interpretation of this is that the students did 
not seem to be very engaging in the sense that the students find them interesting. 
This could indicate that the designs of the prototypes were too simple and 
unexciting to tickle and trigger the student's emotion and attention enough to be 
very interesting. 

The 
memory 
theatre 

Very 
boring 

quite 
boring 

|X-

don't 
know 

a bit 
interesting 

very 
interesting 

The 
Classroom 
theatre 

Very 
boring 

quite 
boring 

|X— 

don't 
know 

a bit 
interesting 

very 
interesting 

Table 9.1 How interesting was the Classroom/Memory theatre? (Ql) 

The second question was how much fun was it to use the Classroom theatre/ 
Memory theatre (see Table 9.2). The mean value for the Memory theatre was 
2,74 and for the Classroom theatre 2,87. As with the first question this could be 
an indication that the theatres were not very catchy in design and lacked enough 
to features to trigger emotion, which would engage the students and make the 
use of the theatres as more fun. 

The third question was whether they would like to use the Classroom theatre/ 
Memory theatre again (see Table 9.3). The mean value for the Memory theatre 
was 2,92 and for the Classroom theatre 3,68. Once again this perhaps indicates 
that both theatres lack something to trigger strong engagement in users. 
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The 
memory 
theatre 

Very quite don't a bit very 
boring boring know fun fun 

i  i  Y _ _ |  i  I  

The 
memory 
theatre 

1  j  1  -  i  

The 
Classroom 
theatre 

Very quite don't a bit very 
boring boring know fun fun 

I  1  V I  1  

The 
Classroom 
theatre 

1  1  ^  1  1  

Table 9.2 How much fun was it to use the Classroom/Memory theatre? (Q2) 

The 
memory 
theatre 

Definitely no don't yes yes 
no know definitely 

I  1  X I  1  1  

The 
memory 
theatre 

1  1  1  1  

The 
Classroom 
theatre 

Definitely no don't yes yes 
no know definitely 

I  I  I  Y  I  I  

The 
Classroom 
theatre 

j  j  j  A  1  1  

Table 9.3 Would you like to use the Classroom/Memory theatre again? (Q3) 

The 
memory 
theatre 

Almost not don't pretty very 
nothing much know much much 

I  | Y  I  I  I  

The 
memory 
theatre 

j  j  j  j  

The 
Classroom 
theatre 

Almost not don't pretty very 
nothing much know much much 

I  1  V I  1  1  

The 
Classroom 
theatre 

1 1 vY-| 1 -| 

Table 9.4 Did the Classroom/Memory theatre help you to learn 
Excel/PowerPoint? (Q4) 

The fourth question was whether the Classroom theatre/ Memory theatre helped 
in learning Excel/PowerPoint (see Table 9.4). The mean value for the Memory 
theatre was 2,05 and for the Classroom theatre 2,90 (t=2,89 and p<0,05). The 
students claim that the prototypes did not help them much in learning 
Excel/PowerPoint. This is a very interesting indication and contradicts the 
teacher's opinion. He experienced that it was unusually easy for the students to 
learn the programs and that they learned them both faster and more extensively 
than classes usually do in their ordinary educational situation. 
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The fifth question was whether the Classroom/Memory theatre was easy or 
difficult to use (see Table 9.5). The mean value for the Memory theatre was 4,34 
and for the Classroom theatre 4,41. This shows that the goal to design the 
theatres to be simple to use has been achieved quite well, and could be an 
indication that handling the tool itself did not demand too much attention of the 
user. 

The 
memory 
theatre 

Very pretty don't pretty 
difficult difficult know easy 

very 
easy 

-X-

The 
Classroom 
theatre 

Very pretty don't pretty very 
difficult difficult know easy easy 

I 1 1 L X  

Table 9.5 Was it easy or difficult to use the Classroom/Memory theatre? (Q5) 

The sixth question was whether the user felt in charge of the action in the 
Classroom/Memory theatre (see Table 9.6). The mean value for the Memory 
theatre was 3,04 and for the Classroom theatre 3,40. This points, although not 
very strongly, towards the conclusion that users felt in charge of the action most 
of the time. 

The 
memory 
theatre 

Not at 
all 

not 
much 

don't 
know 

pretty 
often 

all the 
time 

•IX-

The 
Classroom 
theatre 

Not at 
all 

not 
much 

don't 
know 

pretty 
often 

all the 
time 

-X-

Table 9.6 Where you in charge of the actions in the Classroom/Memory theatre? 
(Q6) 

The seventh question was whether the information in the Classroom/Memory 
theatre was useful (see Table 9.7). The mean value for the Memory theatre was 
3,64 and for the Classroom theatre 3,34. This might point to the conclusion that 
the students found the information pretty useful, even though they did not think 
that they learned much from using the prototypes (Q4). 
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The 
memory 
theatre 

Useless not don't pretty very 
much know useful useful 

I 1 1 X  1 1 

The 
memory 
theatre 

j 1__ 1  A  - |  -  1  

The 
Classroom 
theatre 

Useless not don't pretty very 
much know useful useful 

I i I y  I I 

The 
Classroom 
theatre 

1  1  1 ^ 1  1  

Table 9.7 How useful was the information in the Classroom/Memory theatre? 
(Q7) 

The eighth question was whether the users were tense or relaxed when using the 
prototype (see Table 9.8). The mean value for the Memory theatre was 4,46 and 
for the Classroom theatre 3,93. In accordance with question 5 (Q5) the students' 
experience seems to be rather a relaxed one. 

The 
memory 
theatre 

Very a bit don't pretty very 
tense tense know relaxed relaxed 

1  1  I  I  Y  I  

The 
memory 
theatre 

j  j  j  j  A  1  

The 
Classroom 
theatre 

Very a bit don't pretty very 
tense tense know relaxed relaxed 

I  1  1  X I  1  

The 
Classroom 
theatre 

1 —1 1 ^1 — 1 

Table 9.8 Where you tense or relaxed when using the Classroom/Memory 
theatre? (Q8) 

The 
memory 
theatre 

very pretty don't a bit notât 
tiring tiring know tiring all 

I  I  I  X 1  1  

The 
memory 
theatre 

j  j  j  A  1  1  

The 
Classroom 
theatre 

very pretty don't a bit not at 
tiring tiring know tiring all 

I i I X 1 1 

The 
Classroom 
theatre 

I  1  1 ^ 1  1  

Table 9.9 Was it tiring using the Classroom/Memory theatre? (Q9) 

The ninth and last question was whether it was tiring to use the 
Classroom/Memory theatre (see Table 9.9). The mean value for the Memory 
theatre was 3,55 and for the Classroom theatre 3.76 (t=2,4 and p=0,07). This 
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could be a positive sign that the prototype itself does not take much of the users 
attention to use, so more attention could be used for the task itself, in this case to 
learn Excel/PowerPoint. 

In summary of the first two questionnaires one might conclude that the students 
found the different theatres easy to use but a bit dull. A positive finding on 
usability is that handling the prototype itself did not require much attention, 
which was one of the design goals. Of course it is not possible to draw any 
general conclusions from this minor test, but it is possible to spot some trends. 

The third questionnaire contained questions of a more general nature. Some of 
the questions overlapped with the first two questionnaires to some extent. The 
first question asked which theatre was experienced first and the responses were 
only used to interpret answers to the other questions. The second question was 
about how useful as an aid the student considered the theatres to be when 
learning Excel/PowerPoint (see Table 9.10). The mean value was 3,49, which 
does not indicate a strong feeling of whether it was helpful or not. Some of the 
students found it quite helpful while others only thought it was a bit helpful. The 
third question asked the students if this kind of program would have any effect 
on their study. The mean value was 3,10, which indicates that it does not seem 
to them that it would have a big effect on their study. However this contradicts 
the teacher's opinion that the students learned the topics faster and more 
thoroughly. 

Question four dealt with whether the students experienced their studies to be 
easier or harder work when using the prototypes. The mean value on the 
question was 3,40 that is a very weak indication of that the students believe that 
the prototypes facilitate studying, a least to a small extent even though they did 
not explicitly answer that in the two first questionnaires. 

The fifth question was about whether it was easy or hard to understand how to 
use the theatres. In this question the mean value was 4,30, which confirmed the 
finding from the first two questionnaires that they were quite easy to handle. In 
the sixth question the students were asked whether it was fun or boring to use of 
this kind of program in education. The mean value of 2,67 suggests that the 
design was not thrilling enough, and that the design ought to be more exciting in 
order to catch the user's interest. A suggestion for redesign was to include some 
unexpected events that break the boredom and make the user more alert and 
engaged. 

The rating scale question reflected whether the user would consider using this 
kind of program again. Here the mean value was 2,79 that suggests that the 
students would be willing to use this kind of program again, but were not very 
enthusiastic about that idea. 
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Question eight demanded a forced choice between the two theatres, the 
Classroom or the Memory theatre, asking directly which they preferred. Four of 
the five preferred the Classroom theatre. 

Q2 How helpful 
was the theatres 
when learning 
Excel/PowerPoint 

Not at a bit don't quite very 
all help know helpful helpful 

I I I Y I I 

Q2 How helpful 
was the theatres 
when learning 
Excel/PowerPoint 1 1 1 ^ 1 1 

Q3 How does this 
kind of program 
effect your 
experience of 
your study 

Much more a bit no a bit much 
boring boring effect fun fun 

I I LY I I 

Q3 How does this 
kind of program 
effect your 
experience of 
your study 

1 1 1 ^ 1 1 

Q4 My opinion is 
that the study 
becomes 

Much a bit don't a bit much 
harder harder know easier easier 

I I I Y I I 

Q4 My opinion is 
that the study 
becomes 

1 1 1 ^ 1 1 

Q5 Was it easy or 
hard to 
understand how 
to use the 
theatres 

Much much 
harder easier 

I I I I Y I 

Q5 Was it easy or 
hard to 
understand how 
to use the 
theatres 

1 1 1 1 ^ 1 

Q6 How was it to 
use this kind of 
program in 
education 

Very a bit a bit very 
boring boring fun fun 

I 1 Y I I I 

Q6 How was it to 
use this kind of 
program in 
education I I ^ 1 1 1 

Q7 Would you 
consider using 
this kind of 
program again 

No sometimes yes 
never always 

I ! Y_| I I 

Q7 Would you 
consider using 
this kind of 
program again 1 1 ^ 1 1 1 

Table 9.10 Mean value of the third questionnaire 

A paired comparison t-test between the ratings of the two different theatres from 
the first two questionnaires, showed that they differed only on question four, 
whether the student thought that the theatre helped in learning. Responses to 
question four were significantly different with a t=2,89 and p<0,05. The 
Classroom theatre was thus rated better than the Memory theatre as a tool for 
learning Excel or Powerpoint. One interpretation of this could be that the 
students found the Classroom more appealing because it was a familiar 
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environment so that they could concentrate on finding the different lessons and 
on the learning itself. The Memory theatre on the other hand was an unfamiliar 
environment that the user first might want to explore before coming around to 
the main task, which was to learn Excel/PowerPoint. Since the Memory theatre 
was a fantasy world it may evoke a similar response as a computer game to 
some extent, and in that respect it fails as it does not have the excitement of a 
computer game. This might have the effect of disillusioning and disappointing 
the user, so that the theatre does not fulfil the expectations. 

Differences in responses to Question eight approached significance (t=2,4 and a 
p=0,07), suggesting that students were more relaxed when using the Memory 
theatre (4,5 on average) than the Classroom theatre (3,9 on average). 

From the third questionnaire, only question eight distinguished between the two 
designs - students were asked which of the theatres, the Classroom or the 
Memory theatre, they preferred. All but one of the students preferred the 
Classroom theatre to the Memory theatre. But a chi2 test indicated that this was 
not a significant difference, given only five respondents in total. 

9.1.5 Summary of the findings 

The evaluation was intended to be formative, to give some suggestions for 
redesigning and improving the prototypes. Certainly it is not possible to draw 
any general conclusion from the results but they hint at some possible future 
directions. I believe that the evaluation fulfilled this purpose and that it showed 
that the ideas behind PST are worth continuing working with. One reflection 
from my own and the class teacher's point of view was that all five students 
participated in all the sessions, which is very rare. Even though a student did not 
feel well and was not present at the lesson before the theatre-based lessons they 
showed up for these sessions. This could indicate that they found the use of the 
theatres very interesting and because of that they did not want to miss out. But at 
the same time it could be a Hawthorne effect, just that they wanted to participate 
because somebody showed them interest and that they were selected as pioneers. 
It seemed to me that they really enjoyed the sessions whatever the reason was. 

Students felt more relaxed in the Memory theatre than in the Classroom theatre, 
although four out of five preferred the latter and it was rated as better for 
learning. In the Memory theatre they may have used more attention just to 
experience the environment itself, since it was unfamiliar and a fantasy creation. 
In the Classroom theatre, on the other hand, they were perhaps more focused on 
the lesson because the environment was familiar even though virtual, and that 
entailed that more of their attention could be used to reflect, especially on the 
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lesson contents. The Memory theatre might be more fun (though less 
entertaining than a game) and they seemed more relaxed when using it, but at 
the same time they found it boring. The Classroom theatre appeared to be more 
successful, perhaps because it was a familiar room and also it was the place 
where learning usually takes place for these students. One interpretation of this 
may be that a familiar environment is a better place in which to anchor abstract 
information. 

All three questionnaires had an open question at the end where the student could 
add ideas for improvements to make the theatres more fun and effective to use. 
Unfortunately, this question did not result in many answers. One suggestion was 
that the Classroom theatre should be bigger and include more details. This 
makes the room more engaging, more exciting and more convincing. 

A speculative conclusion from the evaluation is that the theatres should mix 
direct experience and reflection better. This could be achieved by creating 
breaks between perception and reflection, for example by adding some 
unexpected events in the design. One example might be that when a student 
discovers the right lesson to study and clicks on the label something unexpected 
happens. For example the troll, who was the instructor in the animations of the 
lessons, might say something or do something unexpected. This event should be 
different for different lessons and preferably at different times. Another 
suggestion was to include sound in the application, in view of the fact that it 
appeals to more senses and at the same time and should it more interesting and 
memorable. 

A weakness of the prototype was that it did not include the actual work area of 
Excel where the student could execute the exercises. This could be achieved 
quite simply by starting Excel in the frame that shows the Classroom or the 
Memory theatre, and making it possible to switch between the two 
environments. A last reflection from the evaluation is that not everything 
covered by the book should be included in the application, only the exercises, in 
order to force the student to be more active in the learning. 

92 The Telescope 

The second evaluation compared a Cave version of the Memory theatre with a 
Telescope version of a Memory theatre. As in the first evaluation the approach 
adopted was a formative evaluation where people used both a desktop version of 
the Memory theatre (the Cave) and a version of the Memory theatre that was 
based on using augmented reality technology. 
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The task of the participants in the evaluation was to find six different words in 
the environments and put the words together to form a sentence. When a person 
found a word a story was told about that particularly word. Words and the 
stories about the words were presented in either written language, spoken 
language or in both written and spoken language, together with an image that 
symbolised the word. The desktop Memory theatre (the Cave) again realised an 
old Shakespearean theatre, as in the first evaluation, but it was an improved 
version. The new version was bigger, contained a navigable staircase, it was 
harder to find the different tasks, and the screen was not split - so the theatre 
filled the whole screen and the tasks were presented in a new window on top of 
the memory theatre. The augmented reality version used a pair of optical see-
through glasses, which the person wore. In this case the person looked for tags 
that could either represent a single word or were just "empty" tags. Both 
environments were evaluated by the users and then compared to each other, 
including a consideration of the use of these techniques in education. In this 
evaluation the subjects were a mix of different kinds of people and not students 
with special needs. 

The presentation below includes a description of the two set-ups, a statement of 
the aims of the assessment, a description of the method used, a detailed 
description of the obtained results and conclusions and suggestions for further 
development and improvements to the designs. 

9.2.1 Description of the two settings 

The basic idea of the evaluation was to have two different kinds of environment, 
one using desktop VR and the other augmented reality, and to find out whether 
one environment was preferred to the other in a learning situation. Both 
environments were designed to make it easier and more engaging to learn and at 
the same time stimulate the person's everyday creativity. As in the first 
evaluation both environments were based on old mnemonic techniques -
specifically the method of loci. 

The task for volunteers was to explore the Memory Theatre and to find six 
different words hidden there. These six words should be put together to form a 
sentence. When a word was found the word was presented along with a little 
story that did not have anything to do with the actual sentence. The word was 
presented either as written language, spoken language or as both written and 
spoken language at the same time. The whole evaluation included two different 
sentences and each sentence was set up in three different versions so that every 
word was presented in each format: written words, spoken words or both. The 
sentences were taken from a Swedish children's book by Thorbjörn Egner 
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(1978) called "Klas Klättermus och de andra djuren I Hackebacke skogen". One 
reason for choosing the sentences was that they had to be simple, and because of 
that a children's book was chosen. The target sentences were six words long, 
taken by random selection from the book. The stories accompanying each word 
were made up especially for the evaluation. 

Half or the participants experienced the desktop-VR before the AR version, 
while the other half experienced the AR version before the desktop-VR version. 
Fifty percent of the participants experienced target sentence number one in the 
VR-version and the second target sentence in the AR version whilst the other 
half of the population experienced sentence number two in the VR-version and 
the first sentence in the AR version. The different versions of each descriptive 
sentence, spoken written or both, were presented in a balanced way across 
conditions. 

After testing the first environment the participant had to fill in the first 
questionnaire with questions about the specific environment. Subsequently the 
participant tested the second environment and after completing the second task 
he or she filled in a second questionnaire with specific questions about the 
second environment. After experienced both environments, and answering both 
questionnaires, the participant had to answer a third questionnaire that included 
questions about which environment the participant preferred and some questions 
that compared the two environments, as in the evaluation of two versions of the 
Cave described in the previous Section. 

Figure 9.2 Screens from the VR environment of the memory theatre 

Both environments run in a web-browser, which had plug-ins that support 
VRML-code and Flash-films. The desktop-VR environment runs on an ordinary 
PC-computer, and the structure of the memory theatre was a web page that 
shows the VRML-world of the Memory theatre. The Memory theatre was build 
as a Shakespearean theatre with nine doors and a balcony that stretches along 

139 



9. Experiences with the Cave and the Telescope 

the theatre (Figure 9.2). A staircase takes the participant up to the top floor that 
had eight doors. 

Behind some of the doors the words were hidden. When pointing and clicking 
on a door with a word behind it a new window opened that presented the word 
(Figure 9.3). If the word was presented in spoken form then the window had a 
white blank page. It was possible to navigate in the Memory theatre by using the 
mouse or the arrow keys. When a word was found the cursor changed to a hand 
- indicating that an anchor had been found and it was possible to click on the 
object. 

t 

Figure 9.3 Window with written presentation of a word 

The AR-environment used optical see-through Sony Glasstron™ glasses and ran 
on a laptop PC. A Logitech QuickCam™ was mounted on the glasses to read the 
markers on the wall. Earphones were also mounted on the glasses so that the 
user could hear the spoken words. The application that read the markers and 
displayed the flash films was based on the ARToolKit (from the Human 
Interface Technology lab, HIT lab, University of Washington, Seattle). This was 
integrated with a java program and a VRML-program and run on a virtual HTTP 
server called Apache (http://httpd.apache.org/). 

The program read a marker on the wall and displayed the information (if any) 
about the words. There were ten different markers or tags of 8x8 centimetres and 
every tag was represented as a black digit on a white background surrounded by 
a thick black frame (see Figure 9.4). Some of the digits (e.g. two, five, six, seven 
and nine) had to be adjusted by adding some extra lines in order to get higher 
readability. Behind six of the tags a word was hidden and behind the remaining 
four only a black spot was shown instead of a word. When a person looked at a 
marker through the camera mounted on the glasses a window popped-up that 
showed the word and the story of the word in one of the three versions (spoken, 
written, or both at the same time). 
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Figure 9.4 The ten different markers 

The ten markers were placed in different places in a room where the evaluation 
took place and the person's task was to find these markers, read them and 
memorise them. After finding all six words they should be put together to form 
the target sentence. In this environment the actual room represents the memory 
theatre instead of a virtual VRML-environment. 

The participants could work at their own speed. 

9.2.2 Aims of the evaluation 

Given the objectives of the memory theatres, this evaluation aimed at assessing 
whether one environment (VR versus AR) was preferred to the other in a 
learning situation. Another important outcome of the evaluation was to provide 
feedback on the design of various components of the applications in order to 
come up with improvements and further developments of the designs. 

The evaluation was conducted at The Interactive Institute - tools for creativity 
studio in Umeå, Sweden. Twelve people, aged between 19 and 32 years, 
volunteered to took part in the evaluation, of whom three were female. 

9.2.3 Evaluation method 

The study was a formative evaluation because it was designed to provide 
feedback on the software and suggestions for improvements to the designs. This 
evaluation, as with the first evaluation, used the participants' subjective 
judgement as the main source of data. 
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The software was examined through assessment of the volunteers' opinions by 
administering specially designed questionnaires (see Appendix 4 and 5) where 
the user evaluated the two different environments and also compared the two 
different environments. 

The volunteers were tested individually. They were instructed how to use the 
equipment and software. After that the task was introduced, the person was told 
that the assignment was to explore the Memory theatre, either the virtual 
desktop version or in the actual room, in order to find six different words and 
that these six word constitute a sentence that they had to complete and would be 
asked to produce. Furthermore the person was told that when a word is 
presented, a little story of that word would also be presented but that the story 
did not have any connection to the final sentence. They were told that the words 
were hidden behind things in the virtual desktop version and by exploring the 
theatre and pointing to and clicking at different spots they would get a clue if a 
word was hidden in that spot. If a word was found, the pointing arrow changed 
to a hand with an anchor next to it, and by clicking at the spot a new window 
opened and the word was presented. After reading, listening or both to the word 
the person should close the window and continue to search for the rest of the 
words. 

In the AR environment the volunteer was instructed to explore the actual room 
in order to find markers where the words were hidden, and told that some of the 
markers did not indicate a word and, if that was the case, the person would see a 
black window in the glasses. On the other hand if a word was hidden behind the 
marker the users would see a new window in the glasses and the word would be 
presented in one of the three forms. 

After the introduction the volunteer were left alone to complete the task, and 
were instructed to indicate when the task was completed or if there was any 
problem. After the task was completed the volunteer was given a questionnaire 
to evaluate the environment. There was a short break before the second 
environment. The next environment was introduced and used in the same way as 
the first environment. After finishing the second trial and questionnaire the 
volunteer was given a third questionnaire that was designed to evaluate and 
compare both designs. In answering the questionnaires the participants were 
encouraged to make free comments on the open questions. 

The aim of the assessment was, as mentioned before, to evaluate whether one 
environment (VR versus AR) was preferred over the other in a learning 
situation. Another important aim of the evaluation was to provide feedback on 
the design of various components of the applications in order to come up with 
improvements and further developments of the approach. The design of the VR 
environment had been improved since the last evaluation, but it was still quite 
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basic. The memory theatre was bigger and there was a staircase that led up to the 
second floor. The design was still not very exciting, but acceptable since the 
main idea was to compare two different environments. 

9.2.4 Results from the questionnaires 

Since the first two questionnaires were exactly identical the results from these 
questionnaires are presented together, and the third questionnaire separately. 

In the questionnaires the descriptive values on the scale have been translated to a 
numerical value. The lowest value, to the left of the scale, has been assigned the 
value of 1 and the highest value, the value to the right, has been assigned to a 5 
on the numeric scale. 

The first question was how interesting the VR environment / AR environment 
was (see Table 9.11). The mean value for using the VR environment was 2,93 
and for the AR environment 2,52. One interpretation of this is that the 
participants find both environments quite interesting but it still seems like 
something was missing in order to make them really engaging and interesting. 

The VR 
environment 

Very very 
interesting boring 

I  I  Y l  I  I  

The VR 
environment 

1  1  1  —  1  

The AR 
environment 

Very very 
interesting boring 

I  I  Y  I  I  1  

The AR 
environment 

1  J  A  j  1  1  

Table 9.11 How interesting was the VR/AR environment? (Ql) 

The second question was whether the participant would consider using this kind 
of environment in learning (see Table 9.12). The mean value for the VR 
environment was 2,82 and for the AR environment 2,36. Again, this was a not a 
particularly high rating for either design. On the other hand, neither version was 
seen as unsuitable for use in learning situations. 

The third question asked whether it was easy or hard to use the environment (see 
Table 9.13). The mean value for the VR environment was 2,13 and for the AR 
environment 2,06. It seems that most people thought it was fairly easy to use 
both environments. 
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The VR 
environment 

Yes definitely 
definitely not 

The AR 
environment 

Yes definitely 
definitely not 

I  I  Y  I  I  I  

The AR 
environment 

J J A  1 1 1 

Table 9.12 Would you consider using the VR/AR environment in learning? (Q2) 

The VR 
environment 

Very very 
simple hard 

I  L Y  1  1  1  

The VR 
environment 

1 |-vY— 1 1 1 

The AR 
environment 

Very very 
simple hard 

I  | Y  I  I  I  

The AR 
environment 

1 J 1 1 

Table 9.13 Was it easy or hard to use the VR/AR environment? (Q3) 

The fourth question was whether the volunteer felt in control while using the 
VR/AR environment (see Table 9.14). The mean value for the VR environment 
was 4,15 and for the AR environment 3,25. In this question there was a clearer 
difference in answers, and a paired t-test between the ratings of the two different 
environments showed a significant difference (t=3,254 and p<0,0077). This was 
the only statistically significant difference found for questions comparing the 
two environments. 

The VR 
environment 

Not at all all the time 

1  1  I  I V  1  

The VR 
environment 

l__ 1 j 1 

The AR 
environment 

Not at all all the time 

I  I  I  Y  I  I  

The AR 
environment 

j  j  j  a 1  j  

Table 9.14 Where you in control in the VR/AR environment? (Q4) 

The difference may depend on the equipment. The AR equipment used in this 
evaluation was quite bulky to carry around and that might make the user feel 
trapped and not be able as freely to explore the environment as in the VR world. 
Perhaps the difference would have been less if the AR equipment had been more 
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portable. Another explanation could be that in a VR environment the users feel 
more secluded and safe, signifying that they feel in control of the situation and 
do not fear any intrusion from the outside. The overall result shows that 
participants felt in control of the situation. 

The fifth question was whether it was tiring to use the VR/AR environment (see 
Table 9.15). The mean value for the VR environment was 1,89 and for the AR 
environment 2,09. This indicates that it was not very tiring to use either of the 
environments despite the bulky AR environment that must have been quite 
uncomfortable. 

The VR 
environment 

Not at all very tired 

I Y__| I I I 

The VR 
environment 

1 J 1 i i 

The AR 
environment 

Not at all very tired 

I I.Y I I I 

The AR 
environment 

1 1 ^ 1 —1 1 

Table 9.15 Die you get tired when using the VR/AR environment? (Q5) 

The sixth question enquired if the participant remembered the words and was 
able to put them together in a sentence. Of the twelve participants eleven in the 
VR environment answered with the correct sentence but the twelfth person did 
not create a real sentence nor remember the right words. In fact some of the 
words this individual produced were from the stories about the words. In the AR 
environment only seven answered with the correct sentence. The same person 
that mixed up the words in the VR environment made the same mistake in the 
AR environment. Three people forgot one of the words, and one person only 
remembered one single word. It seems that there might a tendency to remember 
words better with the VR environment. A surprising finding was that using a 
combination of spoken and written texts did not result in better recall than using 
either in isolation. However, a problem with interpreting the number of words 
remembered was that the task was too easy. 

In the seventh question the participants were asked how many of the stories they 
remembered about the different words. In the VR environment the mean value 
was 4,0 stories while in the AR environment the mean value was 3,64 stories. 
This is only a slight difference, but again memory was better in the VR 
condition. One possible explanation of the difference might be that the 
equipment in the AR environment was very obtrusive to wear and that might 
have an effect on the ability to concentrate on the task. If the equipment would 
have been more transparent the user could perhaps have concentrated more on 
the actual task. 
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Finally the participant was asked to suggest improvements in order to make the 
environment more appealing for learning. Several people suggested more detail 
and better graphics. One person expressed the idea of using images, sound and 
colours and associating them with words. Another suggestion was to use more 
colours and make the scenario brighter in order to see more. A related idea was 
to use more features, such as squeaky doors, and that each door should have a 
different appearance or at least some kind of characteristic that is unique to that 
door. In addition a few of the participants wanted more decorative features in 
general, such as flowerpots, pictures hanging on the wall, and some furniture. 
Two of the participants also put forward the idea of including more excitement, 
such as sudden unexpected events happening or sudden unanticipated meetings 
with something or someone. 

A few people reported that they found it hard to navigate in the VR environment 
and one person said that she got lost and found it hard to work out where she 
was, whether she was on the first or the second floor. One said that he wanted to 
be able to fly around in the theatre, even though it seems to be against natural 
expectations to fly around in an old theatre. However, this was a suggestion that 
should be evaluated by comparing different modes of navigation in VR memory 
theatres. 

One of the participants experienced strong motion sickness when using the VR-
environment. She liked the idea of using VR in education but declared that the 
sickness was really bad for her, not just in this desktop environment but also in 
all VR environments. This was interesting because several questions appear 
such as, for example, how many of the population get sick while using VR of 
different types? Is it possible to design a VR environment and avoid producing 
such sickness? If not, then one has to have an alternative design for those 
students who cannot use a VR environment. 

Not as many people answered the question about improving the AR 
environment, although three participants suggested better and more unobtrusive 
equipment. The equipment seemed to take far too much of the user's attention. 
As a consequence, just handling the equipment may have taken attention away 
from the primary task, to find and remember the words. One person suggested 
more graphical features such as animated images. 

In summary, one conclusion is that the general idea of PST for learning still 
holds but that the design of the environments has to be improved. Several 
excellent suggestions were made for how to improve the designs. In general, the 
suggestions tended to further stress the idea behind the PST approach. In this 
evaluation as in the first one it was not possible to draw any strong general 
conclusions but it was possible to spot trends that may be useful for improving 
later designs. 
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The last questionnaire contained questions of a more general nature and some 
comparison of the two different environments. The first question concerned the 
order of use. The second question was how useful this kind of tool was for 
learning (see Table 9.16). The mean value was 3,86 indicating that it might be of 
some help. 

No help very helpful 

I I I x-l 1 

Table 9.16 To what extend do you find the VR and AR environment helpful in 
learning? (Q2) 

Question three enquired whether this kind of program affected how participants 
experienced studying, if it made it more fun or more boring (Table 9.17). The 
mean value of 2,17 suggests that, even with current limitations, it was firn to use 
this kind of applications as an aid to education. 

More fun more boring 

I LX 1 1 1 

Table 9.17 How do you consider this kind of program affected your experience 
of studying? (Q3) 

The next question, number four, was almost the same as question three but here 
the stress was of whether they considered it to be more fun or boring to use this 
kind of application in education (Table 9.18). In this question the mean value 
was 3,72 signifying that it made education a bit more fun. Only one person had a 
low score (1,79) on this question while five people scored between 4 and 5. This 
corroborates the responses to question three. 

More boring more fun 

I 1 1 x-l 1 

Table 9.18 How do you think it was to use this kind of program in education? 
(Q4) 

Question five asked which environment the participant preferred and the sixth 
question asked why. Seven people preferred the VR environment as opposed to 
five that preferred the AR environment. An interpretation of this is that both 
environments were reasonably appealing and judged usable in an educational 
setting. The participants who favoured the VR environment stated that it was 
more immersive and engaging and that there were no distractions. A slight 
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contradiction to this was that one person claimed that in the AR environment he 
felt more secluded from the outside world. In the VR-environment on the other 
hand he could focus on the task and yet had the freedom to attend to other things 
if he wanted. Another participant said that the AR environment was very 
uncomfortable to use and that she did not want to have overlaid realities. There 
may be some few individuals who would rather not use AR for this reason, in 
the same way that a few individuals do not like to use VR because of induced 
sickness. 

One person claimed that VR evokes a feeling of being on an expedition and that 
the glasses (AR environment) cannot do this. One of those who preferred the AR 
environment said that it was easier to navigate with this environment. Another 
person found this environment much faster and easier to use. Yet another person 
claimed that the VR environment felt like a bad computer game, while another 
person stated that it was easier to get distracted in the VR environment and that 
led to forgetting the words. One of the participants experienced the VR theatre 
to be too dark and sterile so that the AR environment was more appealing 
because of the ability to move around in the room. 

Question seven asked for which kind of topics it could be an advantage to use 
this kind of application to learn. Nine persons suggested that it might have an 
advantage in specific kinds of topic while two participants considered it to be 
useful for all kinds of topics. Most people who answered the question suggested 
that the tool would be helpful in learning theoretical subjects, and topics such as 
languages, that focus on memorising information. Two people stated that it 
might not be useful in mathematics. Three people did not answer the question. 
Only one person thought it was not useful for any topic and this was the same 
person that thought the VR environment was like a bad computer game. It was 
also the same person that did not manage to form a sentence of the words in 
either environment. 

Once again, the last question was to come up with suggestions for further 
improvements of the environments and environments. Only three persons 
answered this question of which one wanted the environments to be more 
secluded and immersive in order to cause fewer distractions. Another participant 
suggested that the environment should be based on a theme that is coherent with 
the topic. One example was that if the topic was to learn about plants in biology 
the environment could be like a forest. Another person suggested that in the 
future the AR-glasses ought to be included into ordinary glasses. 

In summary, the responses to the third questionnaire showed that there was not a 
strong preference for one environment over the other, and that both types could 
be used in education for at least some kinds of topic. Perhaps the two 
environments could be used as an alternative to each other, and that would solve 
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the problem of a few people becoming sick in a VR environment, or disliking 
information overlaid on the real world - since different people reported these 
two problems. 

9.2.5 Summary of the findings 

The evaluation was intended to be formative, to identify strengths and weakness 
and suggest improvements, and to see whether one environment was preferred 
over the other. Since the evaluation did not show any preference for either 
approach this might imply that both types are potentially useful in educational 
settings. It needs further investigation to see if one type of environment is more 
appropriate for a specific kind of topic. 

It was clear that the equipment used in the AR environment has to be improved 
in order to create a more transparent environment. The way it was implemented 
seemed to take too much of the user's attention so they could not always engage 
fully in the task. But a lot of useful suggestions were made to improve the actual 
design of the environment in order to create more excitement and engagement. 

One major improvement to the VR environment would be to create more detail 
and make the world brighter in order to make it easier to explore and recognise 
the theatre and its layout. Moreover, the theatre ought to be bigger in the sense 
that it should be possible to enter into more rooms. One drawback with this, 
though, is that it diverges from the idea of a theatre in general as the audience in 
a theatre is not allowed to walk into the doors - indeed, the doors often don't 
really lead anywhere. But this is not a strong enough reason not to implement a 
bigger and more interesting theatre, where some of the parts (the other rooms) 
are not visible all the time and where objects might be hidden or unusual events 
might happen. This would be expected to engage the learner more. 

9,3 The Web-based evaluation 

The third evaluation was aimed at obtaining more quantitative data to evaluate 
two different desktop VR versions of the Memory theatre. As in both earlier 
evaluations the approach adopted was a formative evaluation. People tried out 
one of the two versions of a Memory theatre and then answered a questionnaire 
about their usage of the theatre. As in the previous study comparing AR and VR 
(Chapter 10), their task was to find six different words in the environments and 
put the words together to form a sentence. When a person found a word a story 
was told about that particularly word. Words and the stories about the words 
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were presented in either written language, spoken language or in both written 
and spoken language together with an image that symbolised the word. 

The two different versions of the memory theatre realised an old Shakespearean 
theatre as in the first two evaluations. One of the versions was exactly the same 
as that used in the second evaluation comparing a desktop VR version of the 
memory theatre with an AR version. This time, the difference between the two 
VR versions was that in the first one everything could be seen clearly while the 
second version included fog so that it was not possible to get a clear overview of 
the whole theatre, and the feeling of the virtual space was more mysterious. 
Apart from the fog both versions were the same. As in the second evaluation the 
words were hidden behind doors or objects in the theatre. 

The environments were accessible via the World Wide Web (web) so that they 
were easily reached during the evaluation. Anyone with internet access could 
participate in the evaluation. A person who participated in the evaluation only 
experienced and evaluated one version of the theatre and answered a 
questionnaire about that environment and its applicability to learning and 
education. This evaluation could be seen as a more general evaluation of some 
ways of using perceptually-seductive technology (PST) in education. 

In these prototypes, both 3D environments were made reasonably interesting to 
navigate around. The environment with fog was much more mysterious and in 
some sense exciting to use, since there were more surprises during navigation -
especially at first. In the clear environment it was easier to see the overall layout. 
This aids navigation but was perhaps less exciting. It also means that the 
navigator need not put much effort into memorising the layout, effort which 
might result in better learning of the abstract information placed in the concrete 
virtual space. 

The remainder of this Section includes a description of the two different 
versions of the memory theatres, a statement of the aims of the assessment, a 
description of the method used, a detailed description of the obtained results and 
conclusions and suggestions for further development and improvements to this 
type of PST environment. 

9.3.1 Description of the evaluation 

The task to perform was again to explore the Memory Theatre and find six 
different words that were hidden in the theatre. These six words should be put 
together to form a sentence. The task and materials were identical to those used 
in the previous evaluation. There was both a Swedish and an English version of 
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the environments so that the person participating in the evaluation could choose 
language. The English and the Swedish version were exactly the same. 

A participant in the evaluation only experienced one version of the memory 
theatre - clear or foggy. An algorithm chose randomly which version each 
person experienced. Another algorithm was used to randomly select which 
sentence and which version of it that the person got. 

After completed the task of finding six words and putting these together to form 
a sentence the person was presented with a questionnaire to answer. The 
questionnaire included questions about the person, as well as questions about the 
sentence and the stories that were presented with the words. Finally there were 
questions to evaluate the memory theatre and its use in learning. There was also 
an open question where the person could suggest improvements and other 
comments. When the questionnaire was answered the person submitted it and 
the response was saved as a record in a file on the web server. 

The evaluation ran in a web-browser, which had plug-ins for VRML-code and 
Flash-films. The evaluation started with a frame where the users chose their 
language (Figure 9.5). 

* : * 
* * 

Figure 9.5 Frame to choose language 

After choosing the language an introduction frame described the task and how to 
navigate in the memory theatre (Figure 9.6). 
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Figure 9.6 Introduction and description of the evaluation 

The structure of the environments was a web page that showed the VRML-
world of the memory theatre. The memory theatre was build as an old 
Shakespeare theatre with nine doors on the walls and a balcony that stretched 
along the theatre. A staircase took the viewer up to the top floor that also had 
eight doors. The person could have either a foggy or a clear view of the theatre. 
In the first case, it was not possible to get a clear overview of the whole theatre. 
In the second case, it was possible to see the whole of the theatre clearly just by 
turning around and walking in the theatre a little (Figure 9.7). 

Figure 9.7 The two versions of the Memory Theatre -foggy or no fog 

The words were hidden behind some of the doors. When pointing and clicking 
on a door with a word behind it a new window opened up that presented the 
word (Figure 9.8). If the word was presented in spoken form then the window 
had a white blank page. It was possible to navigate in the Memory Theatre by 
using the mouse or the arrow keys. When a word was found that arrow changed 
to a hand and an anchor and it was possible to click on the object. 
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Figure 9.8 Window with presentation of the word 

Six words had to be found to form a sentence. The person could work at their 
own speed. Subsequent to finding the six words the person closed the theatre 
and the questionnaire appeared (Figure 9.9). 

Figure 9.9 The questionnaire 

When the questionnaire was filled in the person submitted it and it was stored on 
the server in a file that later could be put into a statistical analysis program. 

9.3.2 Aims of the evaluation 

Given the objectives of the memory theatres, this was intended to be a more 
general evaluation of the idea of perceptually-seductive technology applied to 
learning. The idea was to get more quantitative data than in previous 
evaluations, with more people participating in the evaluation. Another aim was 
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to obtain rapid feedback on the general design in order to enhance future designs 
of prototypes, in an iterative process. In this description of the evaluation 
comments were provided on the design and how the learners experienced use of 
the application. 

Requests for participation in the evaluation were sent to several different 
international newsgroups, and to several individuals and groups in Sweden. The 
newsgroups were within the fields of human-computer interaction, education, 
cognitive science, computers, internet and VR. The idea was to have the theatres 
accessible on the web for three weeks. After that the results were collected and 
analysed. 

9.3.3 Evaluation method 

As in the first two evaluations this was a formative evaluation because it 
provided feedback on the software design and suggestions for improvements. 
This evaluation used the participants' subjective judgement as the main source 
of data. The software was examined through assessment of the persons' opinion 
by administering a specially designed questionnaire. 

Before the actual evaluation took place the participant was instructed how to use 
the equipment and software. After that the task was introduced. The participant 
was told that the assignment was to explore the memory theatre in order to find 
six different words and that these six words constitute a sentence that they 
would be asked to produce later. The words were hidden behind things in the 
memory theatre and by exploring the theatre and pointing to and clicking at 
different spots the person got a clue if a word was hidden in that actual spot. If a 
word was found, the pointing arrow changed to a hand with an anchor next to it, 
and by clicking at that spot a new window opened and the word was presented. 
After reading, listening or both to the word the participant closed the window 
and continued to search for the rest of the words. 

After the task was completed, the participant filled in a questionnaire that 
evaluated the actual memory theatre tested and asked questions about the words, 
sentence and the content. In answering the questionnaire the person was 
encouraged to make free comments on the open questions. 

9.3.4 Results from the questionnaires 

The theatre and questionnaire were made in two versions, a Swedish and an 
English one, in order to attract as many people as possible. But only ten people 
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answered the questionnaire properly, and these all used the Swedish version. 
This points to the problems of conducting this type of iterative evaluation over 
the web. Many people will take a very quick look at a page on the web, but of 
these only a small proportion will put time or effort into using and environment, 
and even fewer will respond to a questionnaire about their experience. 

In this questionnaire the values of the responses were expressed as integers 
between zero and five, because of problem of making a slider work in both 
Netscape and Internet Explorer. The number was not visible in the test. The 
scale was only labelled at both ends with six dots between, and the user was 
supposed to mark one of them (see example in Figure 9.10). 

The first question asked the user his or her name. All participants gave a name: 
their full name, first name or just a nickname. The second question asked about 
their age. The mean age of all participants was 28 years with two missing 
values. 

The third question asked for the hidden sentence. All participants answered the 
question, and five people answered with the correct sentence, two persons found 
five words, two participants found four words but one of them did not state 
which four words. Finally one person only found three words. Four of the 
people who answered with the correct sentence had the theatre without fog and 
only one participant with a foggy theatre answered the correct sentence. 

The next question asked how many of the stories they remembered, and to 
describe which stories. The mean value for all participants was 3,5 words, 4,33 
from the foggy world and 3,14 from the clear. This difference was not 
statistically significant, however. 

After these introductory questions there were nine questions to evaluate the 
theatre, one question about whether the theatre was foggy or not and the last 
question was to write suggestions of how to improve the theatre (see figure 
9.10). 

The first of the evaluation questions was whether or not it was fun to use the 
theatre. The total mean value was 3,4 (on a scale from 0 to 5); for the non-foggy 
version it was 3,67 and for the foggy version it was 3,29. Contrary to 
expectations, participants did not find the foggy version more fun - the 
difference was not statistically significant. 

JL wm the Eternar* itusatr* im t» ti$«? 
No fu n f r e r r 

Figure 9.10 Was the Memory Theatre fun to use (Ql). 
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The second of the evaluation questions was whether the memory theatre was 
surprising or not. The mean value for the total population was 2,5 (the midpoint 
on the scale). The difference between the foggy and non-foggy version was 3,67 
for the foggy version and 2,00 in the non-foggy version. In other words, there 
was a tendency for the foggy version to be seen as somewhat more surprising 
(t=2,09, p=0,069) 

The third of the evaluation questions asked whether they would consider using 
this kind of program in an educational setting. The total mean value was 3,80. 
The non-foggy version had a lower mean value of 3,51 compared to 4,33 in the 
foggy version, although this difference was not statistically significant. 

The fourth question enquired about whether it was easy to use the theatre or not. 
In this question the mean value of all participants was 3,4 (on a scale from 0 to 
5). In the foggy version the mean value was 3.33 while in the non-foggy version 
it was 3,43. In other words, there was no difference in judged ease of use, which 
was a little surprising since it seemed harder to navigate in the foggy version. 

The next question (question five) was whether it was easy or difficult to 
remember the information. The total mean value in this question was 2,8. When 
comparing the foggy versus the non-foggy theatre the non-foggy theatre had a 
mean value of 2,71 and the foggy theatre 3,00. Again, this difference was not 
statistically significant. In other words, people thought that the fog made it 
neither harder nor easier to remember the information presented. 

Question six asked whether the person felt present inside the memory theatre. 
The total mean value for the participants was 2,60. There was a difference 
between the foggy at 3,40 and non-foggy at 2.43, but this was not statistically 
significant. 

The next question, number seven, asked whether the Memory Theatre was 
responsive to the users' actions. The mean value for the whole group was 2.90. 
There was again a difference between the foggy theatre 3,67 and non-foggy at 
2,57, but this was also not statistically significant. 

Question eight asked if it was interesting to use the Memory theatre. The total 
mean value was 3,70, clearly more interesting than not. The foggy theatre was 
rated somewhat more interesting (4,33) than the clear theatre (3,43), but again 
this was not statistically significant. 

In question nine the participants were asked whether they were aware what 
happened around them when they were using the memory theatre. The mean 
value was 2,40. The group experiencing the foggy version had a mean value of 
3,00 and the group using the non-foggy version had a mean value of 2,14. This 
result suggests that the people using the foggy version seems to be more aware 
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of the environment that the persons using the non-foggy version, but again this 
was not statistically significant. 

Several suggestions for improvements were made at the end of the 
questionnaire. Some participants suggested that the theatre should have more 
details and colours. As stated in the second evaluation the theatre needs more 
details, such as furniture, plants etc. One person expressed it that the theatre 
needs more "landmarks" in order to make it easier to navigate and find your way 
around. Several participants stated that they thought that the theatre would be 
very effective in education if it were improved. One person suggested that this 
kind of system could be used for elderly and handicapped people in order to 
"pass the time" at the same time as they practice their memory skill. 

9.3.5 Summary of the findings 

A general conclusion is that the theatre has to include much more detail. This 
would make it more interesting and engaging, and perhaps facilitate the creation 
of a mental map of the environment by users. To achieve this more things 
should be added to the environment, such as more furniture, paintings, plants, 
some loose objects etc. Furthermore the memory theatre should have more 
rooms to enter. And the different rooms could have different styles, for example 
some rooms could be dark, some might lead out into a garden. A common view 
was that the memory theatre should generally be brighter and more colourful. 
The foggy version was quite successful, however, being no less easy to use than 
the clear version, although it was not judged more fun to use. There was a 
tendency for it to be judged more surprising, and it was judged at least as 
responsive and interesting as the clear version. There was also a non-significant 
tendency for more words to be remembered from the foggy world, and for 
information to be judged as easier to remember. 

Both versions of the theatre succeeded in engaging users, with the foggy version 
emerging as overall slightly more successful. But more redesigns and formative 
tests are needed. The foggy world may have been somewhat more perceptually-
seductive, but it seems that the difference was not great enough to have much 
impact. A combination of fog with other features might be expected to be even 
more engaging. 

As in the evaluation of the Cave versus the Telescope approach to PST in an 
educational setting, one surprising finding was that using a combination of 
spoken and written texts did not result in better recall than using either in 
isolation. 
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The evaluation was intended to be formative, to test the intention and design of 
the memory theatre. The results hint at many directions in future work for 
improving the design and implementing more perceptual-seductiveness in the 
design. 

Using the web as a medium in which to conduct evaluations proved 
unsatisfactory, since few people will put in the necessary time and effort. 
Comparing the three evaluative studies carried out, and reported in this and the 
previous two sections, it seems more fruitful to invite users into a test 
environment or carry out evaluations in their own settings. This makes it 
possible both to observe and to talk to people, even though this may take longer. 
Future planned evaluations of PST environments are likely to adopt these 
approaches rather than aiming for general access over the web. 

9.4 Summary of design recommendations for educational PST 

A common suggestion was that the Classroom theatre should be bigger and 
include much more detail and features. This would make the room more 
engaging, more exciting and convincing. Another frequent suggestion for 
redesign was to include some unexpected events that would make the user more 
alert and engaged. Another idea was to include virtual characters with their own 
set of behaviours. These would be encountered unexpectedly and add to the 
interest and sense of involvement. 

Navigation was only occasionally seen problematic in the VR versions, whereas 
in the AR version there was a perceived need for less intrusive equipment. These 
difficulties seemed to distract from using the theatres for a few participants. 

A common view was that the memory theatre should generally be brighter and 
more colourful. The foggy version was quite successful, however, being no less 
easy to use than the clear version, although it was not judged more fun to use. A 
few users suggested that the environments should provide a stronger sense of 
seclusion and privacy, become more personal. 

An interesting suggestion was that the environment should be based on a theme 
that is coherent with the topic. One example was that if the topic was to learn 
about plants in biology, then the environment could be like a forest. 

The main recurrent theme from comments was that the environments were not 
exciting or interesting enough, whereas this was a very rare view of people who 
experienced the Illusion of Being in the Interactive Tent (Chapter 8). This 
difference partly reflects the fact that the Illusion was designed as an 
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entertainment, not as a tool for memorizing information or for any other 
purpose. 

In designing and implementing PST, there seems to be a tension between trying 
to support creative learning and producing perceptual seduction. It could be 
argued that the Tent experience was seductive but did not result in learning, 
whereas the various memory theatres resulted in some learning but were not 
very perceptually-seductive. This does not mean that designing PST for creative 
learning is impossible. It seems likely that, by incorporating more details and 
happenings that attract the attention, an IT memory theatre can provide a tool for 
creative learning in educational settings. 

In general, the main problem with the current learning implementations was that 
they do not include enough of the characteristics for PST outlined earlier. For 
example, the Focus, Locus and Sensus model could exercised more, by 
including more opportunities for intense presence (such as exciting features and 
events). The opportunity for more reflection could be an effect of allowing users 
to design or at least change their own environments. 

Parts of the theatres could be purely for entertainment, parts for relaxation, and 
so on, thus varying users' experiences along the Sensus dimension and catering 
for more of the creative process. The use of sensors detecting body position or 
other characteristics of users could perhaps alleviate some of the difficulties of 
navigation, or be used to detect restlessness or excitement and adapt the 
environment accordingly. There were occasionally difficulties of navigation 
within the virtual or augmented environment that distracted from other aspects. 
Users should perhaps be allowed a period of time to explore and familiarize 
themselves with the environment before they are used for a particular purpose. 

It is possible to imagine a combination of design features from the Tent 
implementation and the Memory theatres applied to education. Lying 
comfortably in the Tent, a real film of some topic - say, animals on the 
savannah, or underwater creatures of the Antarctic - could be displayed. The 
learner would be able to stop the action by pointing at an area of the display and 
would then be able to view additional information about that aspect. This 
information could be presented as a virtual display, using 3D graphics to 
simulate details not available from recorded reality. By monitoring the learner's 
arousal level, she could be helped to avoid to high or too low levels over too 
long a period, and encouraged to switch between the two. The materials 
displayed could be adjusted to provide alternating periods of intense stimulation 
and of relaxation. In other words, the suggested elements of PST would be 
exercised more fully. 
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The scenario above suggests that, even in an educational situation, the 
application of more features of PST would break down existing classifications 
of the relationship between people and technology. 
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10. PST and everyday creativity 

10 PST and Everyday Creativity 

The main driving force behind this work was to lay out a starting platform for 
how information technology can be applied in a new way, called perceptually-
seductive technology (PST). The ideas are applicable to people in general but 
the main inspiration has been to improve life for people with special needs by 
enhancing their everyday creativity through the provision of perceptually-
seductive technology in educational and other settings. Everyday creativity is a 
form of creative learning that is available to everybody, not just the 
exceptionally gifted. It implies both novelty, in coming up with an idea or 
solution to a problem, and endurance over time. The novelty is personal, and 
arises from, the individual concerned. 

PST is a way of designing information technology (IT) that addresses both the 
perceptual and the conceptual faculties. It uses members of a class of recent IT 
that supports the "virtual realisation" of information, and could be viewed as 
systems for sensory, rather than intellectual, augmentation. Virtual realisation 
implies that abstract information is presented to the user in a way that is directly 
perceivable, without the need to "decode" it conceptually. The user also tends to 
interact with this information in ways similar to non-linguistic action in the 
physical world. For example, instead of describing a scene in text, the scene is 
presented as a three-dimensional computer graphic "world" around which the 
user can navigate. 

The relevant characteristics of recent technology for PST are this ability to 
present information in concrete forms, in three-dimensional spaces that may be 
entirely virtual or augmented reality, and in a range of different modalities 
which stimulate the different senses and are amenable to non-linguistic 
interaction. Technologies of this kind can produce a strong sense of presence, of 
being in a world that seems real but is not actually physical. Such worlds can be 
powerful evokers of emotional and bodily responses. PST capitalises on these 
new forms of information presentation and interaction, in combination with 
more traditional forms of IT. The idea is to engage both aspects of the mind -
the perceptual, experiential faculties and the conceptual, reflective processes - in 
the service of a balanced approach to designing technology to support everyday 
creativity. 
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10.1 The importance of emotion in learning and creativity 

This work is imbued with the idea of integrating ideas and theories about 
memory, emotion and creativity, in what I call perceptually-seductive 
technology (PST) and applying it to education and other situations calling for 
everyday creativity. It is important to acknowledge the impact of emotions both 
in creativity and learning in order both to improve memorability, and in that way 
facilitate learning, and to give the creative process the necessary energy and 
inspiration. Even though emotions are hard to describe and analyse they are 
increasingly recognised as playing an important part in creativity and learning, 
in both abstract and concrete work, decision-making, and in fact in most things 
we do in our everyday life. Without emotion we would be unmotivated to act or 
learn, whatever our reason tells us. Therefore emotions should be utilised and 
included in the design of information technology applications in order to 
facilitate, engage and create interest in learning. I call the approach perceptually-
seductive because it uses styles and technologies of information presentation 
that appeal directly to the sensory-perceptual systems of learners - who are then 
seduced into learning, even though their reason may tell them, for example, that 
education is boring. Emotion has a further role in creativity beyond motivation, 
since it seems to be involved in the way consciousness and the unconscious 
relate to each other. Inspiration is more than a conceptual matter. 

Emotions and creativity are difficult concepts partly because they are very 
personal and individual. It might not be possible to create strict guidelines or 
rules for designing PST environments. But it might be possible to create 
awareness of the importance of the constituents and to give some advice or 
suggestions of how they can be implemented. One important point to realise is 
that all designs are subjective. When trying to design concrete representations of 
abstract concepts, it is important to be aware that the design incorporates the 
designer's own experiences and views of the abstract linguistic world. In effect 
it is up to the designer to apply her values and judgement of the actual target. 

A person learning a new skill or piece of knowledge starts as a novice and 
climbs up the learning path to become an advanced beginner, competent and 
proficient in order to eventually become an expert (Dreyfus and Dreyfus 1986). 
According to Dreyfus and Dreyfus' approach, a learner starts to incorporate 
emotion upon reaching the third stage, competent. More than ever when we try 
to concretise things in general and abstract concepts in the specific, they will 
evoke emotions in the perceiver. This points to the importance of including 
emotions in information design, particularly from the competent stage of skill 
acquisition. Naturally some concrétisations evoke emotion more strongly than 
others, such as darkness, water, fire, blood and fog etc. It is also important to 
bear in mind that the specific kind of emotion that is evoked in a person differs 
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between people and also within a person from time to time depending on the 
person's prior experience and their current condition and mood. 

Most virtual realisations of information so far use vision and hearing, but other 
senses such as touch and smell are starting to be addressed. Smell is known to be 
a particularly strong emotion-provoking sense, and is the most primitive and 
direct. It is believed that the sensation from a smell goes directly into our limbic 
system and this entails that human beings immediately respond to a threatening 
or dangerous smell without having to think about it first. Given that responding 
to smell is to a large extend unconscious it is very hard to describe a certain 
smell linguistically. We do not usually have the vocabulary. But the association 
of different smells with specific informational content is known to enhance 
recollection (e.g. Chu and Downes, 2000). What is significant about smell, and 
also the touch of others, is the evocation of emotion, a seduction of the senses 
that cannot be overcome by reason. Although this work did not include smells, 
the importance of emotion is a central focus. 

Mysticism and spirituality have intrigued people throughout time. Quite a few 
famous and widely acknowledged scientists have incorporated the ideas of 
mysticism, religion and spirituality into their scientific work. Even the ancient 
Greeks based their memory techniques on mystical places and images. Several 
philosophers, such as Augustine (354-430), Thomas Aquinas (1224-1274), 
Descartes (1596-1650), Spinoza (1632-1677), Isaac Newton (1642-1727), 
Leibniz (1646-1716), Berkley (1685-1753), Hume (1711-1776) and Kant (1724-
1804) included ideas about religion and theology in their philosophical work. 
For Sigmund Freud and Carl Jung, religion and mysticism play a substantial part 
in their work. Religion and mysticism usually trigger different kind of emotions 
in people, both positive and negative. The great rhetoricians, such as Martin 
Luther King in his famous speech ("/ have a dreamplay on people's 
emotions in order to make them receive and believe in their message. 

These examples demonstrate the importance of including emotion in designing 
an engaging and potentially creative environment. Today's information 
technology, such as multimedia, VR and AR appears to be a very useful tool for 
evoking emotions, but most current approaches to supporting creativity, and 
even more so learning, are wary of explicitly including the evocation of 
emotion. 

10.2 Summary of the PST approach 

Everyday creativity is one of the most important constituents of human life. We 
use it in almost everything useful that we do, including problem solving, and 
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decision-making. To be everyday creative is to deal with things that happen or 
appear in daily life in an adaptive way. It is probably not a coincidence that 
models of creativity and learning are very similar, given that learning involves a 
great deal of creativity and the opposite is also true. In this thesis, everyday 
creativity is defined as the combination of creativity and learning. It is possible 
to be creative without learning, and to learn without being creative, but everyday 
creative implies both. It is different from eminent or historical creativity in that 
it is an idea or approach that is novel to the individual concerned, and originates 
from within that individual. Following from what is known about creativity, it is 
very important for a learning environment that aims to support everyday 
creativity to provide switches between presence and absence as well as 
supporting both conscious and unconscious processing of information. 
Perceptually-seductive technology (PST) is designed to provide and support 
these periodic switches. 

The approach suggested in this thesis, perceptually-seductive technology (PST), 
is based on acknowledged theories about learning and memory, mnemonic 
techniques, emotion and creativity. It is based on the assumption that people 
learn better by experiencing and reflecting than by merely reading or listening to 
lectures. It is not enough just to consider problems conceptually. This does not 
imply that a learner does not need reading or traditional lectures, nor that 
conceptual work is not important. On the contrary, both sides, conceptual 
thought and practical experiencing, are needed and there has to be timely 
switches between them. A vision of this work is to reintroduce the use of mental 
images for memorising arbitrary information supported by the use of suitably-
designed information technology. One role of PST is then as a tool to train 
people in ancient memory techniques, and it provides an environment - a 
memory theatre - with images or other information linked to locations within it. 
The next important step is to allow people to design or alter their own theatres, 
to give people a tool in which they can embed their own to-be-remembered 
material. 

A perceptually-seductive environment should support both purely linguistic 
communication and non-linguistic communication (Figure 10.1). Linguistic 
communication is what people usually use when communicating with other 
people, and often with computers. It includes both written and spoken language, 
its form is abstract, and it has to be interpreted by human minds or machines 
since arbitrary symbols are used as representations. This indicates that the 
person has to do conceptual work in order to understand and respond to a 
message expressed as purely linguistic communication. Non-linguistic 
communication, on the other hand, does not have to be interpreted conceptually 
in order for a person to respond. This kind of communication is interpreted more 
directly since it is expressed in a concrete form that requires only perception. 
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Recent trends in human-computer interaction, such as virtual reality and 
multimedia, point towards increasing non-linguistic communication with 
computers. This work emphasises the use of both linguistic and non-linguistic 
communication, since it is very important to include and switch between both 
types in order to create an engaging environment that supports everyday 
creativity. As already mentioned, PST is an approach to designing information 
technology deliberately to provoke creativity and learning in this way. 

Màrô /Abstract 

Figure 10.1 PSL and communication 

A complete view of perceptually-seductive technology (PST) incorporates the 
main models described in this thesis: the view of the creativity process, the 
wheel of creative learning, and the Focus, Locus and Sensus model of 
experience. These should also be integrated with the components of creativity: 
the person, the process, the environment and the product. In order to be creative 
a person rotates around the different phases of the cyclical process, and between 
different areas of the three-dimensional space of possible states of being. As part 
of this, the learner, the creative person, is also moving between a personal 
creative space and some public space where she interacts with the real world. 
The environment has to change every now and then in order to stimulate the 
creative process and consciously or unconsciously provide input to the process. 
Furthermore the creative product is changing form and content all the time as 
the other components move or change. 

10.3 Overview of the thesis 

The main contribution of this work is the PST approach to IT design the 
different suggested models of the relation between people and technology that 
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PST is built on. The motivating aim is to support everyday creativity in people, 
especially people with special needs. PST is a way of designing technology to 
realize this aim, especially through the evocation of emotions and enhancement 
of memory skills. 

In order to grasp the idea of perceptually-seductive technology all of the 
different ideas that have been presented in this work have to be put together. The 
different topic areas presented in the earlier chapters constitute parts of the 
contribution of this work and the PST approach. A good deal of research has 
still to be done in order to develop and test the ideas and prototypes further; this 
work could be seen as a base for that. This remainder of this Section provides a 
short, selective summary of the different parts of the work done to develop the 
idea of perceptually-seductive technology as a way of designing environments 
that support everyday creativity. 

10.3.1 Perceptually-seductive technology 

PST is a design approach that uses certain kinds of information technology to 
stimulate emotion, creativity and engagement in the user. PST might enable a 
user to experience the same information through several senses at the same time, 
which could be viewed as an artificial synaesthetic experience. This is important 
because a synaesthetic experience is claimed to be both emotional and 
potentially creative. PST can be seen as a general class of sensory augmentation. 
The information is typically presented in a concrete form, indicating that some 
information is presented non-linguistically and is directly interpreted by "the 
body" (the sensori-motor/perceptual system) and because of that it does not 
require abstract thinking. Information is also presented in abstract linguistic 
form in a PST system, in order to appeal to abstract thinking and the 
construction of abstractions that could be integrated with concrete knowledge. In 
this way information is experienced and stored mentally by the user in both 
concrete and abstract forms. 

The first chapter of the thesis sets the ground for the development of PST, 
Chapter 2 explains the research orientation taken. 

10.3.2 Relating to technology 

When designing a computer-based aid it is important to decide what kind of 
relation the aid is supposed to have with its user. In Chapter three I propose a 
two-dimensional model of how a user can relate to technology. The model is 
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based on Milgram's taxonomy that shows how VR and AR are related to the 
physical world (Milgram and Kishino, 1994; Milgram, Takemura et al., 1994) 
and Ihde's three different types of relations of how a person can relate to 
technology. 

As mentioned several times in this work, emotion has been neglected when 
considering the ways in which people relate to information technology. Yet 
emotions play a substantial role in our lives (its importance was discussed in 
Section 10.1). Chapter five is devoted to emotion, and consists of an overview of 
theories and approaches within the area and a discussion about emotion, and 
how technology can be used to evoke and utilise it. 

10.3.3 Ideas about learning and memory 

Ancient mnemonic techniques are emphasised in this work, especially the 
method of loci. This is known to be effective, and can be enhanced with 
computer support by using virtual and augmented spaces to support 
memorisation. 

When a person learns she acquires a certain skill, either conceptual or 
perceptual. Consequently it is important to differentiate between conceptual and 
perceptual learning that could be viewed as two extremes of a spectrum. 

Chapter 4 reviews aspects of learning and memory relevant to the PST 
approach. In Chapter seven, about Design Models for PST, I present a 
framework of perceptual and conceptual learning that can be used as an aid to 
understanding, analysing and designing learning environments. 

10.3.4 A simple sketch of the creative process 

Everyday creativity is important to human life and we all benefit from using it in 
our daily lives. In Chapter six, about creativity, I sketch a simple model of the 
creativity process. The model stresses the use of both experiencing and 
reflecting, of both high and low focus thought and last but not least the use of 
both the body and the mind, with emotion playing an important role. 
Furthermore it is suggested that the creative process is iterative and does not 
stop after the cycle has been through once. This model is expanded later on in 
the chapter, where I describe the creative process as consisting of five phases, 
preparation, incubation, illumination, reflection and elimination. 
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10.3.5 A model of creative learning 

In Section 6.3 I outline a model of creative learning that stresses the importance 
of switching between presence and absence in order to be everyday creative. The 
model is an extension of the simple model of the creative process described 
earlier and first outlined in Lindh (1997). It could be viewed as the model 
adjusted to learning. 

10.3.6 The Focus Locus and Sensus model 

The Focus, Locus and Sensus model (Chapter 7) outlines the three dimensions 
of experience (one of which is the continuum between presence and absence of 
mind). It plays an important role since is described the design space for PST. It 
can be used to understand experiences especially in virtual and mixed reality 
worlds. The model provides a basis for understanding the psychological realities 
of virtual experiences and, from that, a basis for designing interactive 
environments with specific characteristics. I also outline how the different 
models are connected. 

In Chapter 8 I describe an implementation, called the Illusion of Being, that uses 
and to some extent tests the models. This is an interactive art production, and 
demonstrates the usefulness and effectiveness of the Focus, Locus and Sensus 
model. The relationship between the abstract-concrete (Focus) dimension and 
the sense of presence is demonstrated. 

10.3.7 PSTfor learning 

The latter part of Chapter 8 outlines two approaches to implementing PST in a 
learning environment, and this is taken up in Chapter 9, where designs for two 
main approaches to implementation - the Cave and the Telescope - are 
evaluated in use. 

10.3.8 Contributions from the evaluations 

All three evaluations were formative, with the main purpose of getting feedback 
on differently designed environments. 

The first evaluation was conducted with students with special needs. The 
evaluation was designed to reflect their ordinary lessons in computer literacy, to 

170 



10. PST and everyday creativity 

learn Microsoft Excel and Microsoft PowerPoint. Here the aim was to try a 
simple PST design in an educational environment, in order to see if the idea was 
worth pursuing and to compare using a familiar space (a VR version of their 
classroom) with an fantasy space (the memory theatre). In the second evaluation 
the aim was to test and compare the two setups of the Cave (desktop VR) and 
the telescope (AR). The target group were people in the age between eighteen 
and thirty-five who did not have any special needs - indicating that it was a more 
general evaluation. The third evaluation was aimed at more quantitative data and 
was therefore conducted on the web. The intention was to attract people from all 
over the world to participate and test one version of the memory theatre. 

The overall result of the evaluations indicated that the ideas of PST are worth 
pursuing but the designs have to be improved. Firstly the designs need to evoke 
more emotion indicating that more unexpected events should occur, for 
example. One suggestion is that a figure or even different figures can randomly 
appear and talk to the student or do something unexpected. Another feature that 
has to be improved is the interior of the theatre. It needs to include more details 
that represent different clues in the environment. 

In designing and implementing PST, there seems to be a tension between trying 
to support creative learning and producing perceptual seduction. It could be 
argued that the Tent experience was seductive but did not result in learning, 
whereas the various memory theatres resulted in some learning but were not 
very perceptually-seductive. This does not mean that designing PST for creative 
learning is impossible. It seems likely that, by incorporating more details and 
happenings that attract the attention, an IT memory theatre can provide a tool for 
creative learning. 

10.4 Reflections and future work 

I believe that the idea of perceptually-seductive technology is worth pursuing 
further. As with most things we do, as for example writing a document, drawing 
a picture, building a shed, or conducting research, it can always be improved. 
But somewhere one has to put an end to it or at least stop for a while, sum it up 
and reflect, in order to go further to the next stage and to be able to learn from 
the project. 

During the process of producing this thesis I have improved myself substantially 
and to some extent the process has been reflexive. To create prototypes of my 
ideas and conduct evaluations to test and improve them has been very fruitful. 
When I look back, I realise that my work method has been according to my own 
model of creativity and learning, given that it switches between theoretical and 
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practical work and this also gives rise to switches between presence and absence 
of mind. 

I believe, at least in my own work, that these switches between contrasting 
contexts are very rewarding and necessary for taking steps forward. As shown in 
the proposed models, there has to be a constant switching between abstract vs. 
concrete processing, presence vs. absence, consciousness vs. the unconscious, 
theoretical vs. practical work and so on. I believe that is what engages and 
stimulates the learner so that learning becomes more interesting. I hope this has 
also led to creative output. 

Reflecting on the skills that I have gained during this process, it seems to me as 
if in the beginning the switches between the different contexts did not have to be 
as frequent as in the later part of the process. In the beginning (phase one in the 
creativity process model) when information was collected in order to process it 
(to be everyday creative) the process was not very engaging and I did not really 
feel like I had to take responsibility for it. In this phase the wheel of creative 
learning moves rather slowly. At the same time as processing the information 
(phase two in the creative process) one does other things in order for the 
unconscious to take over the process. These other things could be either some 
other interest, in my case doing something practical like cooking or sewing, or 
some other kind of work - as in my case teaching or designing a hotel-booking 
system and a diary system for the university. I guess that this was my way of 
compensating for all the theoretical and survey work, which was necessary but 
not very engaging at the time. 

Then suddenly, a flash of inspiration appeared (phase three in the creative 
process model) and I realised what the thesis was going to deal with, in my case 
using perceptually-seductive technology to support everyday creativity. After 
this phase (the competent learner) I was more involved and engaged in the work 
because I had to take responsibility for it and be able to defend it. It is also after 
the start of this phase that I felt able to integrate theoretical and practical skills 
more, and no longer felt the need to do something completely different. By this 
time, I could switch between psychological contexts within the actual work, 
during some periods just writing while during other periods designing, 
programming and evaluating the implementations. 

From this phase my own personal creative space has been almost completely 
devoted to this work, even though different items have been more prominent 
than others from time to time. For me, my personal creative space is very 
important. It is a place to where I often withdraw to reflect and work with some 
problem. It is also there where I conduct most of the work in the fourth and fifth 
phases of the creativity process model: reflection and elimination. These are the 
phases where I am right now, reflecting on the work that I have carried out and 
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what has to be done in order to continue the work. And last but not least I now 
have to throw things away that do not fit in order to be able to bring the thesis 
into the next cycle of my work. 

For me, as an introvert person according to Jung's psychological types (Jung 
1971), solitude in my personal creative space is very important. But at the same 
time in order to be creative it is also important and rewarding to be in a social 
environment, to test the ideas and to be able to discuss and get criticism to see if 
they are suitable for their purpose and worth pursuing further. Furthermore it is 
very important to be in a social environment in order to get sensory stimulation, 
unexpected input and gain new knowledge and understanding about the 
problem. 

The result of the work, the creative product, has to be rewarding and something 
that drives the creative person in her work. The driving force of my work has 
been to improve everyday life especially for people with special needs or 
problems of some kind, people that are feeble and have little self-confidence. I 
believe that many people feel like this, but that is natural and it probably has to 
be like that. That does not mean that we cannot or should not support the 
creation of better creative products. Furthermore I am intrigued by creativity, 
what it is, if it can be improved and how it can be used in order to improve 
everyday life in general and for people with special needs in particular. 

Naturally I have plans for the continuation of this work. First I want to refine the 
memory theatres, make them more according to the ideas of Ad Herennium, and 
more interesting and emotion-provoking - as indicated in the text and suggested 
by the different evaluations. Another idea for developing the work is to apply it 
to elderly people as an aid for communication, improving memory and other 
kinds of cognitive skill. I already have funding for that work from Vinnova, the 
Swedish Agency of Innovation Systems (former KFB, the Swedish Transport & 
Communications Research Board). I am also exploring how to apply the ideas to 
people with severe handicap, in order for them to be able to experience things 
that they cannot at present because of their extreme disabilities. In this case I 
hope that it might even be possible in the long run to use the approach to 
develop communication tools, but that remains to be seen. 

I believe that the ideas could be applied in a lot of other areas too, such as in 
rehabilitation, especially through greater use of sensors - including the 
monitoring of physiological functions. One example here is in treatment of 
stress. By using the PST model it is possible to design an environment to 
support the control and rehabilitation of stress (see Waterworth J. A. and 
Waterworth E. L. 2001). Another example is rehabilitation after a heart attack. 
In this situation the patient often believes that they feel another heart attack 
coming on, but most of the time it is just the mind deceiving the body. Here the 
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main purpose is to test the idea of using augmented reality (AR) in the treatment 
of anxiety, through the provision of accurate information in a directly 
perceptible form. It should be viewed as an alternative method and in that way 
compared with the ordinary method used as treatment after a heart attack. 

In earlier papers I presented the CharM model (Lindh 1999, Lindh & 
Waterworth 1999), which is a tool to understand the implications of a design 
model and to put the model in a larger perspective. In other words, CharM (short 
for characteristic model) is a model of design models. By using knowledge of 
the characteristics expressed in the model it is possible to emphasise different 
ways of thinking and being, and we should be able consciously to build and 
implement a more appropriate design model for the specific purpose of the 
application. I think a variant of the CharM model could also be adjusted and 
used in the scope of PST mainly as an evaluation tool for the applications 
created using the suggested design models. It would mainly be used as a tool for 
conducting summative evaluations of environments in order to explore whether 
they fulfil requirements and goals. 

It will be interesting to start again and design new environments according to the 
experiences I have had in the course of completing this thesis. This indicates that 
this work does not stop here. On the contrary this is the real starting point for the 
next step. I stop to reflect in order to be able to take the work into the next cycle. 
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Appendix 1 - Presence Questionnaire 

Appendix 1 - Presence Questionnaire 

1. Somehow I felt that the virtual world surrounded me. 

Fully disagree -3-2-10123 Fully agree 

2.1 fel t  l ike I  was just  perceiving pictures,  (perceive = uppfatta, märka) 

Fully disagree -3-2-10123 Fully agree 

3.1 fel t  present  in the virtual  space,  (present = närvarande) 

Fully disagree -3-2-10123 Fully agree 

4. How aware were you of the real world surrounding while experiencing the 
virtual world? (i.e. sounds, room temperature, other people, etc.)? 

Extremely aware -3 -2 -1 0 1 2 3 Not aware at all 

5.1 st i l l  paid at tention to the real  environment.  

Fully disagree -3 -2 -1 0 1 2 3 Fully agree 

6. I was completely captivated by the virtual world, (captivated = fängslad, 
förtrollad) 

Fully disagree -3 -2 -1 0 1 2 3 Fully agree 

7. How real did the virtual world seem to you? 

Completely real -3 -2 -1 0 1 2 3 Not real at all 

8. The virtual world seemed more realistic than the real world. 

Fully disagree -3-2-10123 Fully agree 

Question 4 was changed from: 

" How aware were you of the real world surrounding while navigating in the 
virtual world? (i.e. sounds, room temperature, other people, etc.)?" 

This change was made because the volunteers did not have the possibility to 
navigate in the virtual environment in the experiment. 
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Appendix 2 - Frågeformulär - Klassrumsteatern/ 
Minnesteatern 

I detta test försöker vi ta reda på vad du (som elev) tycker om 
Klassrumsteatern/Minnesteatern. 

Instruktioner 
Svara på frågorna genom att markera ett kryss (X) på skala, som visar vad tu 
tycker. Till exempel, om frågan är 

"Hur ofta skulle du vilja använda ett program som detta?" 

Du ska markera en punkt på skalan som visar vad du tycker. 

Inte Inte Vet Ganska Jämt 
alls ofta inte ofta 
I x-l 1 1 I 
Krysset visar här att du inte vill använda ett program som det här ofta. 

Svara på följande frågor genom att sätta ett kryss på skalan för att visa vad DU 
tycker om Klassrumsteatern/Minnesteatern. 

Kom ihåg att vi testar Klassrumsteatern/Minnesteatern inte dej. 

Försk att undvika Vet inte svar som finns på mitten av skalan. 

Svara snabbt på frågorna utan att stanna för länge på varje fråga. 

Svara på alla frågor. 

Frågor 
Fråga 1. 
Hur intressant tycker du att Klassrumsteatern/Minnesteatern är? 

Mycket Ganska Vet Lite Mycket 
intressant intressant inte tråkig tråkig 

i i i i i 
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Fråga 2. 
Var det roligt att använda Klassrumsteatern/Minnesteatern? 

Mycket Ganska Vet Lite Mycket 
tråkigt tråkigt inte roligt roligt 

Fråga 3. 
Skulle du kunna tänka dej att använda Klassrumsteatern/Minnesteatern igen? 

Ja Ja Vet Nej Definitivt 
definitivt inte nej 

Fråga 4. 
Hjälpte det att använda Klassrumsteatern/Minnesteatern när du lärde dig Excel? 

Mycket Inte Vet Ganska Mycket 
lite mycket inte mycket hjälp 

Fråga 5. 
Var det enkelt eller svårt att använda Klassrumsteatern/Minnesteatern? 

Mycket Ganska Vet Ganska Mycket 
enkelt enkelt inte svårt svårt 
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Fråga 6. 
Bestämde du vad som hände i Klassrumsteatern/Minnesteatern? 

Inte Inte Vet ganska hela 
alls mycket inte ofta tiden 

Fråga 7. 
Hur användbara var uppgifterna som trollet gav dej? 

Mycket Ganska Vet Inte Oanvändbara 
användbara inte mycket 

I i i i i 

Fråga 8. 
Var du spänd eller avslappnad när du använde Klassrumsteatern/Minnesteatern? 

Mycket Ganska Vet Ganska Mycket 
spänd spänd inte avslappnad avslappnad 

Fråga 9. 
Blev du trött av att använda Klassrumsteatern/Minnesteatern? 

Inte Mycket Vet Lite Mycket 
alls lite inte trött trött 

Hur skulle du vilja förbättra Klassrumsteatern/Minnesteatern för att göra den 
roligare att använda och mer användbar i undervisning? Skriv med egna ord. 
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Appendix 3 - Frågeformulär - Jämförelse mellan 
Minnessteatern och Klassrumsteatern 

I detta test försöker vi ta reda på vad du (som elev) tycker om Minnesteatern och 
Klassrumsteatern. 

Minnesteatern Klassrumsteatern 

Instruktioner 
Svara på frågorna genom att markera ett kryss (X) på skala, som visar vad tu 
tycker. Till exempel, om frågan är 

"Hur ofta skulle du vilja använda ett program som detta?" 

Du ska markera en punkt på skalan som visar vad du tycker. 

Inte Inte Vet Ganska Jämt 
alls ofta inte ofta 
I x-l 1 1 i 
Krysset visar här att du inte vill använda ett program som det här ofta. 

Svara på följande frågor genom att sätta ett kryss på skalan för att visa vad DU 
tycker. 

Kom ihåg att vi testar de olika teatrarna inte dej. 
Försk att undvika Vet inte svar som finns på mitten av skalan. 
Svara snabbt på frågorna utan att stanna för länge på vaije fråga. 
Svara på alla frågor. 
Tack för att du hjälper till! 
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Frågor 
Fråga 1. 
I vilken ordning använde du teatrarna? 

ÜFörst använde jag Klassrumsteatern och därefter Minnesteatern 

«jFörst använde jag Minnesteatern och därefter Klassrumsteatern 

Fråga 2. 
I vilken grad tycker du att Minnesteatern eller Klassrumsteatern är en hjälp när 
du lär dej Excel eller Power Point? 

Ingen 
hjälp 

Nästan 
ingen hjälp 

Vet 
inte 

Lite 
hjälp 

Mycket 
hjälp 

Fråga 3. 
Hur påverkar denna typ av program hur du upplever dina studier? 

Ja 
det blir 
mycket 
roligare 

Ja 
det blir 
roligare 

Inte 
alls 

Nej 
det blir 

tråkigare 

Nej 
det blir 
mycket 

tråkigare 
! ! 

Fråga 4. 

! ! 

Jag tycker studierna blir 

Mycket Lite Vet Lite Mycket 
j obbigare j obbigare 
i i 

inte lättare 
i i 

lättare 
i 1 1 

Fråga 5. 
1 1 1 

Var det lätt eller svårt att förstå hur jag skulle använda teatrarna? 

Mycket Mycket 
lätt 

I i 
svårt 

Fråga 6. 
Hur är det att använda denna typ av program i undervisningen? 
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Mycket Ganska Ganska Mycket 
tråkigt tråkigt roligt roligt 

I I I I I 
Fråga 7. 
Kan du tänka dej att använda denna typ av program i undervisningen i 
fortsättningen? 

Ja Ibland Nej 
alltid aldrig 
I I I I I 
Fråga 8. 
Vilken av de två teatrarna föredrar du? 

Klassrumsteatern 

<J Mi nnesteatern 
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Fråga 9. 
Varför föredrar du denna typ av teater? 

Fråga 10. 
Till vilken typ av ämen är det en fördel att använda denna typ av program? 

<J Alla typer 

<J Inga typer 

«J Vissa typer 

Om du svarat vissa typer, vilka typer av ämnen tycker du det passar att använda 
denna typ av program? Till vilka typer tycker du att det inte passar att använda 
denna typ av program? 
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Fråga 11. 
I den första teatern som du använde fanns all information från boken i 
programmet, medan i andra teatern fanns det endast dina övningsuppgifter. 
Vilken version tycker du var bäst? 

<J Den första teatern där alla uppgifter finns 

<J Den andra teatern där e ndast övningsuppgifterna finns 

Fråga 12. 
Varför ? 

Kan du komma på några förbättringar som kan göras för att göra teatrarna 
roligare och mer effektiva att använda. Skriv kortfattat med egna ord eller rita ett 
förslag. 
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Appendix 4 - Frågeformulär - VR-teatern/AR-teatern 

I detta test försöker vi ta reda på vad du tycker om VR-teatern/AR-teatern. 

Instruktioner 
Svara på frågorna genom att markera ett kryss (X) på skala, som visar vad tu 
tycker. Till exempel, om frågan är 

"Hur ofta skulle du vilja använda ett program som detta?" 

Du ska markera en punkt på skalan som visar vad du tycker. 

Inte Jämt 
alls 
I x-l 1 1 I 
Krysset visar här att du inte vill använda ett program som det här ofta. 

Svara på följande frågor genom att sätta ett kryss på skalan för att visa vad DU 
tycker om VR-teatern/AR-teatern. 

Kom ihåg att vi testar VR-teatern/AR-teatern inte dej. 

Försk att undvika Vet inte svar som finns på mitten av skalan. 

Svara snabbt på frågorna utan att stanna för länge på vaije fråga. 

Svara på alla frågor. 

Frågor 
Fråga 1. 
Hur intressant tycker du att VR-teatern/AR-teatern var? 

Mycket Mycket 
intressant tråkig 

Fråga 2. 
Skulle du kunna tänka dig att använda VR-teatern/AR-teatern vid inlärning? 
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Ja Definitivt 
definitivt nej 

Fråga 3. 
Var det enkelt eller svårt att använda VR-teatern/AR-teatern? 

Mycket Mycket 
enkelt svårt 

Fråga 4. 
Bestämde du vad som hände i VR-teatern/AR-teatern? 

Inte Hela 
alls tiden 

Fråga 5. 
Blev du trött av att använda VR-teatern/AR-teatern? 

Inte Mycket 
alls trött 

Fråga 6. 
Vilken mening bildades av orden? 

Fråga 7. 
Hur många av historierna minns du? Berätta vilka du minns. 
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Hur skulle du vilja förbättra VR-teatern/AR-teatern för att göra den roligare att 
använda och mer användbar i undervisning? Skriv med egna ord. 
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Appendix 5 - Frågeformulär - Jämförelse mellan AR-
teatern och VR-teatern 

I detta test försöker vi ta reda på vad du tycker om AR-teatern och VR-teatern. 
Instruktioner 

Svara på frågorna genom att markera ett kryss (X) på skala, som visar vad tu 
tycker. Till exempel, om frågan är 

"Hur ofta skulle du vilja använda ett program som detta?" 

Du ska markera en punkt på skalan som visar vad du tycker. 

Inte Jämt 
alls 
I x-l 1 1 I 
Krysset visar här att du inte vill använda ett program som det här ofta. 

Svara på följande frågor genom att sätta ett kryss på skalan för att visa vad DU 
tycker. 

Kom ihåg att vi testar de olika teatrarna inte dej. 

Försk att undvika Vet inte svar som finns på mitten av skalan. 

Svara snabbt på frågorna utan att stanna för länge på varje fråga. 

Svara på alla frågor. 

Tack för att du hjälper till! 

Frågor 
Fråga 1. 
I vilken ordning använde du teatrarna? 

<JFörst använde jag VR-teatern och därefter AR-teatern (glasögonen) 

<jFörst använde jag AR-teatern (glasögonen) och därefter VR-teatern 

Fråga 2. 
I vilken grad tycker du att AR-teatern eller VR-teatern är en hjälp vid inlärning? 
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Ingen 
hjälp 

Mycket 
hjälp 

Fråga 3. 
Hur tror du att denna typ av program påverkar hur du upplever dina studier? 

Fråga 4. 
Hur tror du att det är att använda denna typ av program i undervisningen? 

Fråga 5. 
Vilken av de två teatrarna föredrar du? 

«J AR-teatern 

<J VR-teatern 

Fråga 6. 
Varför föredrar du denna typ av teater? 

Det blir 
mycket 
roligare 

Det blir 
mycket 

tråkigare 

Mycket 
tråkigt 

Mycket 
roligt 
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Fråga 7. 
Till vilken typ av ämnen är det en fördel att använda denna typ av program? 

<J Alla typer 

<J Inga typer 

<J Vissa typer 

Om du svarat vissa typer, vilka typer av ämnen tycker du det passar att använda 
denna typ av program? Till vilka typer tycker du att det inte passar att använda 
denna typ av program? 

Kan du komma på några förbättringar som kan göras för att göra teatrarna 
roligare och mer effektiva att använda. Skriv kortfattat med egna ord eller rita ett 
förslag. 
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Appendix 6 - Questionnaire the WEB theatre 

Ii ä NT £ R ACTIVE 

We would like to have your views about the Memory Theatre you have just 
used. 

Please answer the questions by clicking the value that reflects your view. For 
example, if th e question is: 

"How often would you like to use a program like this?" 

Never C E C C O C Often 

In this example you have marked that you do not want to use the program 

The last question is open so that you can write what you want. 

Remember that it is the Memory Theatre we are testing, not you. 

Give a quick answer to the questions without spending too long on any 
question. 

Please answer all t he questions. 

Name I  

Age 1 

Country 

II m INSTITUTE Tools For Creativity H 

often 

Sex ^ Female ^ Male 

1. What was the sentence? 
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2. Hur many of the stories do you remember? Which ones do you 
remember? 

C wy v* F** r* p**1 p*®1 
q LJ 1 L à  2^ 3^ 4^ 5^ 6 

1. Was the Memory Theatre fun to use? 

No fun C O C C C C Great fun 

2. Was the Memory Theatre surprising (e.g. things happened that you 
did not expect)? 

Not at all r* p-i m-m r* r-i Very 
surprising surprising 

3. Would you consider using this kind of program in an educational 
setting? 

Never E C C C C C Often 

4. Was ut easy to use the Memory Theatre? 

«Ät G C G C C C Very easy 

5. Was it easy to remember the information that was presented in the 
Memory Theatre? 

difficult c G G C G G very easy 

6. Did you feel that you were present inside the Memory Theatre? 

present" G G G G G G Very present 
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7. Was the Memory Theatre responsive to your actions? 

Not at all •"»* j«i f-n Very 
responsive responsive 

8. Was it interesting to use the Memory Theatre? 

,Very c c C C C G . , veix boring interesting 

9. Were you aware of the real world around you while using the 
Memory Theatre (e.g. sounds, room temperature, other people, etc.)? 

Not aware C O C C C O Very aware 

10. Was it foggy or clear in the Memory Theatre? 

P P 
Foggy Clear 

11. How could we improve the Memory Theatre to make it more fun 
and useful in educational settings? Please write your suggestions 
below. 

Thanks for your participation! 

Submit Reset 
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