
EMERGENCE
IN
INTERACTIVEART
JENNIFER SEEVINCK
University of Technology. Sydney

Submitted to the Faculty of Engineering and Information 
technology in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy

2011



CERTIFICATE OF 
AUTHORSHIP/ORIGINALITY
I certify that the work in this thesis has not previously been submitted for a degree nor has it 

been submitted as part of requirements for a degree except as fully acknowledged within the 

text.

I also certify that the thesis has been written by me. Any help that I have received in my 

research work and the preparation of the thesis itself has been acknowledged. In addition, I 

certify that all information sources and literature used are indicated in the thesis.

Jennifer Seevinck 

October 2011

1



ACKNOWLEDGEMENTS
My sincerest thanks are extended to my supervisor Prof. Ernest Edmonds for his mentoring, his 

inspiring synthesis of research and aesthetic and technical sensibilities and for the moral support 

he has provided me. Similarly the encouragement, incisive critiquing and detailed attention I 

received from Dr Linda Candy, particularly in editing sections of this thesis, have been 

invaluable. Thanks and appreciations are also extended to friends and colleagues who gave up 

their time to participate in the interaction studies. In particular, thanks are extended to Dr Zafer 

Bilda for his assistance in designing the main study and interviewing participants. Similarly 

great thanks are extended to Deborah Turnbull, Aram Dulyan and Matthew Connell for their 

curatorial and technical installation support at Beta Space and the Sydney Powerhouse 

Museum; to Rodney Berry, Dr Brigid Costello, Dr Mike Leggett, Andrew Martin, for 

stimulating conversations; to colleagues and friends at VMASC Old Dominion University 

(particularly Hector Garcia and Dr Rick McKenzie) and to QUT Creative Industries for their 

support and the generous loan of equipment that enabled me to investigate technical solutions. 

Many thanks are also extended to Ralph Crispino and the I-Park artist in residency staff for their 

continued support of my practice. My time in East Haddam, USA inspired the artworks 

presented here and this Practice-based research effort. This work has also been funded by 

Australian Post Graduate Award and a UTS Faculty of IT and Engineering scholarship.

Lastly many thanks are due to my family and friends for their continued support and belief that I 

could finish this. Thank you to Lesley Burnett for providing me with somewhere to stay over 

the years of my visits to Sydney. Special thanks to my parents as well: Roelof, your incisive 

logic and clarifying insights continue to educate and guide me in work and in life. Thanks too to 

Yani for inspiring my love of art and educating me in its subtleties; and for your poetic 

interpretations of my work. The emotional and practical support you two have given me has 

been invaluable. And finally to my dear Joe: thank you for lighting my way and showing me 

which way to go in art and in life.



TABLEOFCONTENTS
CERTIFICATE OF AUTHORSHIP/ORIGINALITY..............

ACKNOWLEDGEMENTS.............................................................

LIST OF FIGURES..........................................................................

LIST OF TABLES, EQUATIONS.................................................

ABSTRACT........................................................................................

1 INTRODUCTION..........................................................................

1.1 Research scope......................................................................

1.1. A Introduction to interactive art.....................................

1.1 .B Introduction to emergence..............................................

1.2 Methodology and Methods...............................................

1.2. A Practice-based research (PBR)...................................

1.2. B Methods and methodologies within the PBR approach

1.3 Outcomes................................................................................

1.4 Thesis structure...................................................................

1.5 Conclusion.............................................................................

2 STATE-OF-THE-ART REVIEW...............................................

2.1 Introduction..........................................................................

2.2 Emergence...............................................................................

2.2. A Discussion.....................................................................

2.2. B Taxonomy of emergence in interactive art................

2.2. C Review..........................................................................

2.2. D Conclusion....................................................................

2.3 Interactive Art....................................................................

2.3. A The Form of interactive art.........................................

2.3. B Classification of interactive art...................................

2.3. C Theories relating to interaction...................................

2.3. D Open interaction..........................................................

2.3. E Emergence and openness in interaction.....................

2.3. F Augmented reality (AR)..............................................

2.3. G Tangible computing (TC)...........................................

2.3. H Affordances..................................................................

2.3.1 Review of sand..................................................................

2.4 Conclusion.............................................................................

..ii

xii

..x

.xi

..1

.. 1 

..2

...i

..4

..5

..6

..9

10

12

12

12

13

21

25

34

35 

35

38

39

42

43

46

47 

50

50

51



3 METHODOLOGY 53

3.1 Introduction..........................................................................................................................................53

3.2 Practice-based research (PBR)........................................................................................................ 55

3.2. A Role of the artefact..........................................................................................................................56

3.2. B Methods for practice....................................................................................................................58

3.2. C Methods for evaluation............................................................................................................... 61

3.3 PBR approach........................................................................................................................................ 68

3.3. A PBR framework...........................................................................................................................68

3.3. B Step-by-step account....................................................................................................................70

3.3. C Combination of methods............................................................................................................. 72

3.4 Methods for practice..........................................................................................................................73

3.4. A Iterative application of Combined Methods.................................................................................73

3.4. B Problem framing.......................................................................................................................... 74

3.4. C Artefact construction................................................................................................................... 75

3.4. D Exploratory studies......................................................................................................................76

3.5 Methods for evaluation and analysis...........................................................................................76

3.5. A Exploratory studies......................................................................................................................76

3.5. B Data collection............................................................................................................................. 77

3.5. C Data analysis................................................................................................................................ 79

3.5. D Displays........................................................................................................................................81

3.6 Conclusion..............................................    82

4 FOUNDATION WORK...............................................................................................................................83

4.1 Introduction..........................................................................................................................................83

4.2 Video art & research...........................................................................................................................83

4.3 Responsive art installation..............................................................................................................85

4.4 Anatomical modelling techniques................................................................................................. 87

4.5 Surgical training simulator.............................................................................................................88

4.6 Background to the New Works....................................................................................................... 91

4.7 Conclusion.............................................................................................................................................93

5 NEW WORKS................................................................................................................................................95

5.1 Introduction......................................................................................................................................... 95

5.2 Conceptual structure & iterating towards emergence..........................................................97

5.2. A Summary.......................................................................................................................................99

5.3 Glass Pond..............................................................................................................................................99

5.3. A Installation..................................................................................................................................100

5.3. B Interaction experience................................................................................................................101

5.3. C Audio and visuals....................................................................................................................... 102

5.3. D Technical details........................................................................................................................ 104

5.4 Glass Pond to emergence to +-now................................................................................................109

IV



5.5 +-now..................................................................................................................................................... 110

5.5. A Installation................................................................................................................................. 110

5.5. B Interaction experience............................................................................................................... 112

5.5. C Visuals........................................................................................................................................ 113

5.5. D Technical details........................................................................................................................117

5.6 Novel method for creating emergent shapes............................................................................122

5.7 Creation of the art systems............................................................................................................ 123

5.7.A Reframing towards emergence.................................................................................................... 124

5.8 Conclusion...........................................................................................................................................126

6 NEW STUDIES............................................................................................................................................128

6.1 Introduction....................................................................................................................................... 128

6.2 Aims.........................................................................................................................................................128

6.3 Studies................................................................................................................................................... 129

6.3. A Glass Pond exploratory study...................................................................................................130

6.3. B +-now Exploratory study.......................................................................................................... 132

6.3. C +-noxv Main study......................................................................................................................132

6.3. D Summary of Studies...................................................................................................................134

6.4 Analysis................................................................................................................................................ 134

6.4. A Analysis of Glass Pond exploratory study.............................................................................. 134

6.4. B Analysis of the +-now main study............................................................................................... 139

6.4. C Coding schemes for +-now....................................................................................................... 141

6.5 Conclusion...........................................................................................................................................145

7 STUDY FINDINGS..................................................................................................................................... 147

7.1 Introduction....................................................................................................................................... 147

7.2 Review of methods.............................................................................................................................. 148

7.3 Glass Pond Exploratory study......................................................................................................149

7.3. A Aims........................................................................................................................................... 149

7.3. B Findings...................................................................................................................................... 149

7.3. C Summary..................................................................................................................................... 155

7.4 Emergence.............................................................................................................................................155

7.5 Exploratory study of +-now..........................................................................................................157

7.5. A Aims........................................................................................................................................... 157

7.5. B Findings......................................................................................................................................157

7.5. C Summary.....................................................................................................................................158

7.6 Main study of +-now..........................................................................................................................158

7.6. A Aims........................................................................................................................................... 158

7.6. B Findings......................................................................................................................................159

7.6. C Summary of main study............................................................................................................ 178

7.7 Conclusion...........................................................................................................................................179

v



8 IMPLICATIONS FOR PRACTICE & DESIGN 181

8.1 Introduction........................................................................................................................................ 181

8.2 Implications for practice................................................................................................................ 181

8.2. A Finding emergence in Glass Pond............................................................................................181

8.2. B Interaction duration.................................................................................................................... 182

8.2. C Sand and experience.................................................................................................................. 182

8.2. D Physical Installation................................................................................................................... 182

8.2. E Changes to my thinking and practice........................................................................................183

8.2. F Abstraction.................................................................................................................................. 183

8.2. G Affordances of sand and emergence.........................................................................................184

8.3 Implications for design..................................................................................................................... 184

8.3. A Openness in interaction..............................................................................................................185

8.3. B Unpredictability and understanding..........................................................................................186

8.3. C Creativity in emergence.............................................................................................................188

8.3. D Evaluation................................................................................................................................... 188

8.4 Summary.................................................................................................................................................189

9 CONCLUSION.......................................................................................................................................... 190

9.1 Introduction........................................................................................................................................ 190

9.2 Aims and outcomes..............................................................................................................................190

9.3 Summary of thesis outcomes............................................................................................................191

9.3. A Glass Pond and +-now............................................................................................................... 191

9.3. B Novel method for emergent shapes...........................................................................................191

9.3. C Taxonomy of emergence in interactive art............................................................................... 192

9.3. D Study findings............................................................................................................................. 193

9.3. E Implications of findings................................. 193

9.4 Future work............................................................. 194

APPENDIX A DVD LEAFLET..................................  201

APPENDIX B DESIGN ISSUES.................................  203

APPENDIX C SAMPLE PROFILE 1.................................................................................................... 208

APPENDIX D SAMPLE PROFILE II................................................................................................... 215

APPENDIX E CONSENT FORMS........................................................................................................ 230

APPENDIX F PUBLICATIONS.................................. 234

REFERENCES................................................................................................................................................ 236

vi



LISTOFFIGURES
Figure 1 Research areas under investigation..........................................................................................1

Figure 2 (Gero, 1996) show how the original shape (a) when reproduced three times as in (b),

RENDERS MANY EMERGENT FORMS.......................................................................................................... 27

Figure 3 Original shape from (Soufi and Edmonds, 1996)................................................................... 28

Figure 4 Transformative Shapes from the original shape in Figure 3...........................................28

Figure 5 Spiral model of the software process from Boehm (1986 p25)..........................................60

Figure 6 Example of a networked, time ordered display from Miles and Huberman (Box 5.2,

1994:114)................................................................................................................................................... 68

Figure 7 Jen Seevinck’s research process as described in Edmonds and Candy (2010)...............69

Figure 8 The PBR process over the period of candidature. This is an expansion of the view

given in Figure 7.....................................................................................................................................70

Figure 9 The process of iteratively reflecting-in-action combines methods from Iterative

DESIGNS REFLECTIVE PRACTICE ■ AND GROUNDED THEORY A............................................................ 73

Figure 10 Figure locating research milestones along the same process of iterative

Reflection-in-action shown in Figure 9..........................................................................................74

Figure 11 Bell, Bottle, Flock, Texture, Fold Computer generated images from Blue in the

Bluebird. Prints, J. Seevinck (c) 1999........................................................................................85
Figure 12 Sticky Traffic, J.Seevinck 2003. Images from the installation and work at a quiet

time (top) and as traffic increased (below)....................................................................................86

Figure 13 Thigh model reconstructed from image data......................................................................88

Figure 14 Wound debridement surgical simulator using the Reach In display and Phantom

HAPTIC DEVICE............................................................................................................................................ 90

Figure \5I-Park#2 J.Seevinck 2003. Photomontage. Landscape study of diversity of natural

foms............................................................................................................................................................ 92

Figure 16 Interface. J.Seevinck 2004. Drawing. Preliminary interface and landscape study. 92 

Figure 17 Studyi.Seevinck 2003. Photograph. Study of reflected and subsurface images in

THE LAKE..................................................................................................................................................... 93

Figure 18 Study J.Seevinck 2004. Drawing of perceptual tension between reflections (clouds)

AND SUB-SURFACE OBJECTS (LEAVES ON THE BOTTOM OF THE LAKE)....................................................93

Figure 20 Glass Pond imagery constitutes a ‘dappled light’ background and the ‘geo-forms’

FIGURE (LEFT).......................................................................................................................................... 100

Figure 21 Interaction with the sand is illuminated by room lighting and sensed using the

VIDEO CAMERA......................................................................................................................................... 106

Figure 22 The video image of the sand (1) to generate 3 digital objects and (2) combining into 

A COMPOSITE SCREEN IMAGE (3)............................................................................................................  106

vii



Figure 23 Diagram showing the scene graph for the Glass Pond art system software. The

SOFTWARE TAKES VIDEO IMAGE INPUT THROUGH A VIDEO TRANSFORMATION STAGE. THE VIDEO ACTS 

AS SENSOR INPUT TO AFFECT THE LIVE MAT AND GEOMETRICAL FORMS OBJECTS. IN CONTRAST THE

THIRD BG OBJECT IS STATIC AND PASSIVE............................................................................................ 107

Figure 24 Installation view of +- now at Beta_Space, May 2008.....................................................Ill

Figure 25 Plan and perspective diagrams of the installation of +-now at Beta Space........ 112

Figure 26 Diagram showing how the video image is used in both applications (a) and (b). In (a), 

the video generates the Colour object which is composited with a background object

FOR DISPLAY ON THE SAND INTERFACE. IN (b), THE SAME VIDEO GENERATES THE MONOCHROME 

OBJECT WHICH IS COMPOSITED WITH A SECOND BACKGROUND OBJECT FOR DISPLAY ON THE WALL 

SCREEN......................................................................................................................................................114

Figure 27 The sparkle of light on water currents at the Lake in I-Park. Photograph and

CLOSE-UP IMAGE. 2007 JEN SEEVINCK...................................................................................................1 15

Figure 28 The colour image trails can appear to 'well up' out of the sand, and quickly

FOLLOWS GESTURES IN THE SAND. BRIGHT AREAS ALSO APPEAR THAT REFERENCE THE SPARKLE OF 

LIGHT ON THE WATER..............................................................................................................................  1 16

Figure 29 Gestures in the sand and the corresponding imagery projected on screen in the art 

SYSTEM ‘+-NOW'. A GESTURE IN THE SAND (1) CREATES A SHAPE (2). ANOTHER GESTURE (3) 

INTERSECTS WITH (1) TO CREATE BRIGHTER AREAS AND NEW SHAPES (4), (5). IN (5) AND (6) THE FIRST 

GESTURE FADES OUT WHILE THE SECOND FADES IN................................ ............................................. 1 1 7

Figure 30 The camera views the sand silhouetted against the white sail. The sand is directly

LIT BY THE PROJECTOR. THE ROOM LIGHTING AND THE WALL PROJECTION ARE AMBIENT SOURCES OF 

LIGHT........................................................................................................................................................ 1 18

Figure 31 The two +-now applications, one for the Colour image and the other for the 

Monochrome image, share the same video input and have similar scene graphs. Each

APPLICATION COMPRISES TWO OBJECTS: ONE STATIC BACKGROUND OBJECT AND ONE DYNAMIC

INTERACTIVE.............................................................................................................................................119

Figure 32 Digital primary colours add to create white....................................................................121

Figure 33 A triangular shape emerges perceptually from the interaction (overlap) of 2

SQUARES.................................................................................................................................................... 123

Figure 34 The starting condition for the exploratory study of Glass Pond.............................131

Figure 35 The analysis stages used in the exploratory study of Glass Pond (B, shaded) and

FOR THE MAIN STUDY (C, ALL)...............................................................................................................  136

Figure 36 Mapping scheme used to test composite codes for instances of emergence criteria

CODES. A SOLID LINE MEANS THAT THE EMERGENCE CRITERIA CODE APPLIES WHILE A DOTTED LINE

MEANS THIS IS ONLY A POSSIBILITY.........................................................................................................143

Figure 37 depicts a time series from the interaction session of participant 2: (a) broad stroke 

WITH THE RIGHT FOREARM (7 MINS 33 SECS); (B) PAUSED AND LOOKING AT THE SCREEN (7 MINS 34 

SECS); (C) EXTENDED PAUSE AND THE APPEARANCE OF THE GEO-FORM ACROSS THE DAPPLED LIGHT

viii



IMAGE (7 MINS 37 SECS); (d) BROAD STROKE WITH THE LEFT FOREARM (7 MINS 40 SECS); (E) SAND

TRAY MOVES ACROSS THE TABLE WITH THE PARTICIPANT’S STROKE (7 MINS 42 SECS).....................  152

Figure 38 Heartbeat , Photograph of +-nowinstallation. J. Seevinck, 2008. A recreation of

THE ‘DYNAMIC COMPOSITION’ CREATED BY A PARTICIPANT DURING INTERACTION WITH +-NOW. ... 158

Figure 39 Network display of emergent experiences by background in drawing.................... 172

Figure 40 Pie chart display of participant experience of emergence by background in

DRAWING................................................................................................................................................  172

Figure 41 Network display of emergent experiences by expertise................................................173

Figure 42 Pie chart of emergent experience by expertise.................................................................173

Figure 43 Network display of emergent experiences by mark-making........................................ 174

Figure 44 Pie chart of emergent experience by mark-making......................................................... 174

Figure 45 Network display of emergent experiences and interaction duration in minutes. . 175

Figure 46 Network display of instances of different types of emergence.................................176

Figure 47 Pie graph of instances of different types of emergence................................................176

Figure 48 Research aims and corresponding outcomes.................................................................... 190

IX



LISTOFTABLES, EQUATIONS
Table 1 Overview of aims, outcomes, methods and the relevant sections in the thesis..............8

Table 2 Taxonomy of Emergence in Interactive Art...........................................................................22

Table 3 Evaluation aims and methods that are likely to satisfy them as shown in Preece et

Table 4 The codes that came out of the analysis of +-now.............................................................. 80

Table 5 Emergence criteria codes that came out of research........................................................ 81

Table 6 Abbreviated list of codes that are finally applied.............................................................81

Table 7 Parameter values for Colour light object’s Phong shader. The values used here

FALL OUTSIDE THE REAL WORLD VALUE RANGE, WHICH IS FROM 0 (NO LIGHT) TO 1 (MAXIMUM

light). Transparency also varies from 0 (transparent) to 1 (opaque)................................121

Table 8 Summary of empirical data collection methods used for each of the three

PARTICIPANT STUDIES. THIS TABLE DRAWS ON THE SUMMARY OF TECHNIQUES IN TABLE 1............  129

Table 9 Interview questions used for +-mjifmain study................................................................. 133

Table 10 Extract from a within-case display of Glass Pond study data.....................................135

Table 11 Composite coding scheme comprising both cognitive state and movement codes. The

MASTER AND SUB-CODES ARE LISTED FROM LEFT TO RIGHT, FOLLOWED BY SAMPLES OF PARTICIPANT

BEHAVIOUR CODED THIS WAY................................................................................................................. 137

Table 12 A list of some of the participant behaviours identified as being of interest. They

ARE FROM THE MAIN STUDY..................................................................................................................... 139

Table 13 Table 13 Similar topics were grouped together and then coded. These topics are

ALSO SHOWN IN TABLE 12. THEY ORIGINATE FROM THE MAIN STUDY DATA...................................... 140

Table 14 Composite coding scheme induced from data and external literature. Definitions

ARE TAKEN FROM OXFORD (2008).........................................................................................................  142

Table 15 Coding scheme for emergence was generated from external literature. Definitions

ARE TAKEN FROM OXFORD (2008)......................................................................................................... 142

Table 16 Classification of the type of emergence relies on two emergence criteria codes,

FEEDBACK AND REF-CONC........................................................................................................................ 143

Table 17 Other non-emergent, interaction behaviours....................................................................169

Equation 1........................................................................................................................................................ 109

Equation 2........................................................................................................................................................ 120

x



ABSTRACT
This thesis is concerned with creating and evaluating interactive art systems that facilitate 

emergent participant experiences. For the purposes of this research, interactive art is the 

computer based arts involving physical participation from the audience, while emergence is 

when a new form or concept appears that was not directly implied by the context from which it 

arose. This emergent ‘whole’ is more than a simple sum of its parts. The research aims to 

develop understanding of the nature of emergent experiences that might arise during participant 

interaction with interactive art systems. It also aims to understand the design issues surrounding 

the creation of these systems.

The approach used is Practice-based, integrating practice, evaluation and theoretical research. 

Practice used methods from Reflection-in-action and Iterative design to create two interactive 

art systems: Glass Pond and +-now. Creation of +-now resulted in a novel method for 

instantiating emergent shapes. Both artworks were also evaluated in exploratory studies. In 

addition, a main study with 30 participants was conducted on participant interaction with +- 

now. These sessions were video recorded and participants were interviewed about their 

experience. Recordings were transcribed and analysed using Grounded theory methods. 

Emergent participant experiences were identified and classified using a taxonomy of emergence 

in interactive art. This taxonomy draws on theoretical research.

The outcomes of this Practice-based research are summarised as follows. Two interactive art 

systems, where the second work clearly facilitates emergent interaction, were created. Their 

creation involved the development of a novel method for instantiating emergent shapes and it 

informed aesthetic and design issues surrounding interactive art systems for emergence. A 

taxonomy of emergence in interactive art was also created. Other outcomes are the evaluation 

findings about participant experiences, including different types of emergence experienced and 

the coding schemes produced during data analysis.

xi





11NTRODUCTION
This research is concerned with experiencing emergence in interactive art. It is a Practice-based 

research effort involving three aspects: the creation of two interactive art systems, evaluation 

research into the experience of interacting with these systems and theoretical research into 

literature. This first chapter details the scope of this research effort. This entails a brief 

introduction to interactive art and emergence, presented in sl.l.A and sl.l.B respectively. I 

subsequently give an overview of the Practice-based research approach and methods I have used 

to address the research aims. This is followed by a summary of the nature of the research 

outcomes as they correspond to each of the aims and an outline of the thesis structure. The 

chapter concludes by briefly describing the value of the research contributions.

1.1 RESEARCHSCOPE
This thesis is concerned with emergence in interactive art. It has involved the creation of two 

interactive artworks to investigate participant experience of emergence.

The research aims to investigate the following three areas:

(1) The definition and classification of emergence in interactive art.

(2) The creation of emergent experience in interactive art, from the artist’s perspective.

(3) The participant’s experience of emergence. This relies on evaluations of participant 

interaction with the artworks created for this thesis.

The three areas overlap (Figure 1). For instance, (1) definition informs both (2) and (3). 

Similarly, (3) the understanding of participant emergent experience adds to (1) classification 

and (2) the artist’s considerations; and (2) the artist’s design considerations affects both the (1) 

classification and (3) participant experience.

Figure 1 Research areas under investigation

(1) Definition 
and
classification

(2) Artist’s 
considerations

Participant’s
jxperience

1



Discussion of these research areas necessitates clarification of the domains that under 

investigation; namely interactive art and emergence. These are now introduced. They are 

detailed in chapter 2.

1.1.A INTRODUCTION TO INTERACTIVE ART

Interactive art is differentiated from traditional, static art such as painting because interactive art 

entails audience response. This description is drawn from the classification of art by Cornock 

and Edmonds (1973), augmented by Edmonds, Candy and Turner (2004) and most recently 

revisited by (Edmonds, to appear, 2011a). This most recent expansion of the taxonomy draws 

on Edmonds’ personal practice. It reflects variations in the nature and potential of interaction 

which indicate the potential for creative expression that is possible within interactive art. Thus it 

provides a framework for thinking about interactive art. This framework is reviewed in chapter 

2 and briefly described here. To begin with, interactive art is distinguished from traditional art. 

This is done by distinguishing the artwork (firstly) in terms of its passivity or interactivity and 

(secondly) in terms of change, such as whether it is static, dynamic, variable etc.. Six classes 

were distinguished. The first of is the "static passive’ category, which includes painting. The 

second class is the ‘dynamic passive’ category and it includes dynamic art where the observer 

is, like the static passive work, also passive. An example of this is video art, The remaining four 

classes are all forms of interactive art, that is, they fall within the ‘dynamic interactive’ 

category. Each of these four classes relate to a different type of interactive art system. These are: 

responding, varying, influencing and communication. The artworks created for this thesis are 

dynamic interactive art systems that involve qualities from both the responsive and influencing 

categories.

Within my investigation of interactive art I follow the general understanding of interaction as 

the"...reciprocal action or influence” between agents (Oxford Dictionaries, 2010b). I also 

follow art literature to distinguish an audience’s involvement as participatory and use the term 

‘participant’ to describe the person who interacts with the art system (Ascott, 1966, Debord, 

1957, Edmonds, Turner and Candy, 2004, Sheridan and Bryan-Kinns, 2008, Sheridan, Bryan- 

Kinns and Bayliss, 2007, Sheridan, Dix, Lock and Bayliss, 2004). The term ‘participant’ 

conveys a sense of being physically active that is not present in the terms ‘audience’, ‘spectator’ 

or ‘viewer’. The notion of participation is considered to be more accurate in representing the 

relationship between the person who interacts with the interactive artwork and the work itself. 

Participation in art is discussed further in s2.3.A.

The term ‘participant’ also distinguishes interactive computer art from interactive software 

applications as they are pursued within the human computer interaction (HCI) community more 

generally. The HCI community typically speak of‘users’ in relation to software applications but

2



this term is not appropriate in the context of interactive art because there is nothing being ‘used’ 

here.

Chapter 2 reviews the concepts of participation and interactive art more fully. It also includes a 

detailed account of emergence research. A brief introduction to emergence is now presented.

1.1.B INTRODUCTION TO EMERGENCE

Emergence occurs when a new form or concept appears that was not directly implied by the 

context from which it arose. This new ‘whole’ is more than a simple sum or grouping of its 

parts.

This section reviews two views of emergence in terms of how they may relate to interactive art. 

The first perspective draws heavily on the understanding of emergence as it is held in the 

computer science domains. This is where emergence occurs within the system - that is the 

system changes and in so doing, presents a new form or structure to the person who interacts 

with it. Examples of such emergent interactive artworks are Emergence (Allen, 2004) and A- 

Volve (Sommererand Mignonneau, 1994).

The second view focuses on the emergence that occurs within the person who observes. For 

example, it focuses on their interpretation of a new form or structure. Similarly, the perception 

of new shapes during design drawing is considered as a process of emergence. This 

understanding has featured in art, design and gestalt theory. It draws on perception as a creative 

process. This second view of emergence has also been discussed within the context of 

interaction; that is, computer games. Theorist Jesper Juul distinguishes between emergent and 

progressive computer games. He describes the former as open to new behaviours in the players 

and having interaction possibilities that are not as quickly exhausted as those in the latter 

(2002). Bluffing during the game of Poker is an example of an emergent, player behaviour. Like 

the perception of new shapes above, bluffing is focused on emergence as occurring within the 

game player or designer, rather than within the system. However, both of these types of 

emergence as well as its comprehension by an observer are discussed in the literature survey of 

emergence (see s2.2.A.4, s2.3.A and s2.2); while emergent interactions are discussed further in 

s2.3.E.

1.2 METHODOLOGY AND METHODS
The investigation of emergence in interactive art was described in s 1.1 as constituting three 

research aims. The approach used to achieve these aims is a Practice-based research (PBR) 

approach. Following is an introductory overview of this approach and its accompanying 

methods. A detailed explanation of these is provided in s3.2.

3



1.2.A PRACTICE-BASED RESEARCH (PBR)

PBR is a methodology where research is conducted around practice. Practice is understood as 

involving the creation of art systems while research is described by the Oxford dictionary as 

“the systematic investigation into and study of materials and sources in order to establish facts 

and reach new conclusions” (1989). In PBR, practice and research can combine in different 

ways. This was found in a study of Practice-based researchers which produced a framework of 

PBR comprising practice, evaluation and theoretical research (Edmonds and Candy, 2010). This 

framework has been used to explain my approach (Edmonds and Candy, 2010). In summary, I 

relate practice to the research components of theory and evaluation in an iterative way. Theory 

is followed by practice and then evaluation. At evaluation the process bifurcates to feed both 

practice and theory; that is, the evaluation studies of interaction with the art system feed 

subsequent creative practice in making the art systems and theoretical outcomes. This is 

explained in s3.3.A and s3.3.B.

This framework also reflects my approach to addressing the research aims scoped in sl.l. That 

is, each aim can be addressed through one or more of these three facets of the framework: 

theory, evaluation or practice. Thus the first research aim of defining and classifying emergence 

in interactive art, is primarily addressed through theoretical research into literature. The second 

aim is practitioner insight into creating emergent interactions and the third is understanding 

participant experience of these artworks. These are addressed through practice and evaluation 

research - by creating the art systems and evaluating participant experience of them - 

respectively.

The specific methods for practice and evaluation research are Reflection-in-action, Iterative 

design and Grounded theory methods. They are subsequently summarised (sl.2.B). Firstly, 

however I will discuss the Constructivist epistemology that informed their selection.

As will be detailed in s3.1, I draw on a Constructivist epistemology because it understands 

knowledge as something that is constructed and this, in turn, complements my research aims. 

This is because they are concerned with subjective constructions. The subjective constructions 

are artist reflections on practice, participant experience and researcher interpretation of data.

Knowledge of artist experience in creating the art systems addresses the second research aim 

that was scoped in sl.l. It is gained by systematically investigating the process involved in 

creating the artworks, during artistic practice. This research is in the form of practitioner 

reflections drawing on methods of Reflection-in-action and Iterative design. That is, the creative 

process is documented and discussed and examples are created to make my understandings 

available to others. Thus my understanding of making emergent interactive artworks and these 

works themselves (+-now and Glass Pond) facilitate creating knowledge from practice.
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Knowledge of participant experience of the art systems addresses the third research aim scoped 

in sl.l. It is gained through systematic investigation into participant interaction with the art 

systems. This research is in the form of evaluation studies drawing on various methods of social 

science and grounded theory. It involves researcher interpretation of the data collected. As is 

discussed in chapter 3, this evidence includes audio-video recordings of participant interaction 

and data analysis.

Like the Constructivist epistemology, the methodologies and the methods used here view their 

interpretation of events as a subjective, constructive process. These methodologies and methods 

are now discussed.

1.2. B METHODS AND METHODOLOGIES WITHIN THE PBR

APPROACH

PBR draws on methodologies and methods used in other approaches. In this thesis I draw on 

Reflection-in-action, Iterative design and Grounded theory methods. These are detailed in 

chapter 3 and now briefly described.

1.2. B.1 Reflection-in-action
Reflection-in-action is when the practitioner thinks about what they are doing while they are 

doing it. Donald Schon draws on case studies of professional practitioners to describe some 

methods for Reflection-in-action (1983). They include problem framing, knowing-in-action and 

listening to situation talk-back.

As mentioned above, Reflection-in-action facilitates creating knowledge during practice. In this 

thesis the creation of two computer-based interactive art systems employed methods from 

Reflection-in-action. For example, I reflected on the works and the process of making them and 

tested working theories about how to create emergent systems. The methods are explained in 

chapter 2 and their implementation is explained in chapter 5. This practice has led to an 

understanding of the requirements and implications of making emergent art systems.

1.2. B.2 Iterative design methods
The interactive art systems created during this Practice-based research thesis are operational 

software and hardware systems. In addition to employing Reflective practice methods their 

creation draws on iterative software design methods. Iterative design involves a developing a 

final system by iterating through stages of designing, implementing and testing (Boehm, 1986).

In this thesis the methods associated with Reflection-in-action and Grounded theory are applied 

in an iterative way to create the art systems. This is done with a spiral process that iterates 

through the stages of planning and problem framing; developing and knowing-in-action;
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evaluating and listening to situation talk-back and back to planning and reframing the problem. 

The integration of these methods is described in s3.2.C and illustrated in Figure 9.

1.2.B.3 Evaluation studies
Evaluation studies of participant interaction with the art systems were conducted to gather 

evidence and inform an understanding of participant experience of the art systems. The data that 

was collected was audio and video data. It was analysed using Grounded theory methods. The 

Grounded theory methodology also guided the implementation of the evaluation studies. 

Grounded theory methodology is a ‘bottom up’ approach; that is it aims to ‘discover’ theory 

directly from the data (Glaser and Strauss, 1967:1). This distinguishes it from other qualitative 

analysis methodologies that start with a theory and then try to find relevant data to test that 

theory.

The Grounded theory methods used here include memo writing, coding and consulting external 

literature and research.

Different types of evaluation studies have been conducted. Exploratory and preliminary studies 

were conducted as well as the final, main study. My approach to conducting these different 

studies is embodied in my process of iteratively Reflecting-in-action (Figure 9) detailed in 

chapter 3. Briefly, I conducted the first study as an exploration of participant experience of the 

first artwork, Glass Pond. This exploratory study informed subsequent research and practice and 

led to the investigation of emergence and the creation of a second artwork, +-now. The second 

study, a preliminary and exploratory study of participant experience with +-now was then 

conducted. This second study subsequently informed the third and main study investigating 

participant experience with +-now.

1.3 OUTCOMES
The topic of pursuing emergence in interactive art was described at the start of this chapter. It 

was broken down into the three distinct research aims shown in Figure 1. Outcomes that 

correspond to each of these research aims are listed in Table 1 along with a list of the relevant 

chapters. The aims and their corresponding outcomes are also broadly described as follows.

Firstly, with regard to defining and classifying emergence in interactive art, a taxonomy of 

emergence in interactive art has been constructed. This can be used as reference guide for 

designers and artists seeking to create emergence in interaction; and as a mechanism to evaluate 

and see whether or not emergence is clearly present (s2.2.B).

Secondly, with regard to artist’s considerations of creating interactive artworks for emergent 

experience; two interactive art systems were made. These are Glass Pond and +-now. They
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exemplify and add understanding to the issues surrounding emergence in interactive art, both for 

the artist and more generally as insights for design.

The creation of +-now also involved the development of a novel method for instantiating 

emergent shapes. These new works and their creation are described in chapter 5 and on the 

DVD (Appendix A). The practitioner reflections and design insights are described in chapter 8.

Thirdly, with regard to understanding participant experience of emergence in interactive art, 

three evaluation studies have been conducted. These are two preliminary and exploratory 

studies and one final main study. All investigate participant experience. They facilitate 

understanding of participant experience of emergence in interactive art and, more broadly, 

experience of interactive art. Participant studies are described in chapter 6; their findings are 

reported in chapter 7, and they are discussed in chapter 8 as they provide insight into practice 

and design.

7



Table 1 Overview of aims, outcomes, methods and the relevant sections in the thesis.

Research aim Outcomes Primary methods Thesis section where
used to generate this 
outcome

this is discussed

1 Definition and Taxonomy of emergence in interactive art Theoretical research S2.2.B
classification into literature

2 Artist Glass Pond, an original interactive art Reflection-in-action S3.3, s5.7, DVD &
considerations system. and Iterative design 

methods
Appendix A

+-now, an original interactive airt system. Reflection-in-action S3.3, s5.7, DVD &
(+-now is also an example of ain art and Iterative design Appendix A
system that facilitates emergence) * methods

Practitioner considerations for (creating Reflection-in-action Chapter 8
emergent and open art systems (including 
reflections and design insights))

methods

Novel method for instantiating 'emergent Theory, Reflection-in S5.6
shapes action and Iterative 

design methods

3 Participant’s Evidence and findings from exploratory Grounded theory and S6.3.A describes the
experience study of Glass Pond and the resulting generic evaluation study

understanding of participant experience methods S7.3.B reports findings 
Chapter 8 discusses 
these.

Evidence and findings from exploratory Grounded theory and S6.3.B describes the
study of +-now and the resulting generic evaluation study
understanding of participant experience of methods S7.5.B reports findings
emergence Chapter 8 discusses 

these.

Evidence and findings from main study (of Grounded theory and S6.3.C describes the
+-now) and the resulting understanding of generic evaluation study
participant experience of emergence * methods S7.6.B reports findings 

Chapter 8 discusses 
these.

* +-now is the core artwork for the thesis, haviing constituted the most effort in terms of practice and

evaluation (with a main study of 30 participants). 
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1.4 THESIS STRUCTURE
The thesis consists of nine chapters, a DVD, appendices and bibliography. The eight remaining 

chapters are now outlined. Some of these chapters are referenced in the table of research aims 

and knowledge outcomes, Table 1.

Firstly, chapter 2 comprises the literature review. This survey deals with work surrounding this 

PBR effort; namely interactive art, interaction design, emergence, open-ness and Concrete art. A 

classification of emergence in interactive art is presented. This taxonomy draws on different 

approaches to emergence (from different disciplines) to find common ground and relate them to 

one another. It is oriented towards the experience of the participant. This is consistent with my 

research aims which are similarly concerned with subjective experience - that is, interactive art 

and the experience of the participant.

Chapter 3 discusses the research methods used in this thesis. It begins by explaining Practice- 

based research, Reflection-in-action, Iterative design and Grounded theory methods. This first, 

explanatory part of the chapter is followed by a description of my personal approach. This 

second part discusses how the methods I have used relate to one another within my personal 

Practice-based research approach. It is followed by a detailed account of the research methods 

used to create and evaluate the art systems. The implementation of these methods to create the 

art systems and evaluate interaction with them is detailed in chapters 5 and 6, respectively.

Chapter 4 reviews my prior, foundation work. It describes research and art that was conducted 

before undertaking the Ph.D. in order to (firstly) establish a trajectory of aesthetic research 

investigations which have led me to create the Ph.D. body of work. Secondly, it also provides 

background to the artworks created in this PBR effort since these are informed by conceptual 

and landscape studies conducted prior to the start of the Ph.D.

Chapter 5 describes the New Work. This is the interactive art systems Glass Pond and +-now. 

This description is augmented by the DVD (Appendix A) which contains documentary evidence 

of these artworks. Chapter 5 also provides details on the implementation of the practical 

methods described in chapter 3 to create these art systems. This discussion includes an 

explanation of the methods of framing and reframing that evolved the design through key 

stages. Corresponding key design issues (Appendix B) are also discussed. Finally, this chapter 

also presents a third ‘New Work’; that is a technical outcome of the process of making +-now.

Chapter 6 details the two exploratory studies and the main study. It describes how the evaluation 

research methods described in chapter 3 were implemented. It presents the coding schemes 

created from this data and describes how they were applied. A coding scheme created from the
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taxonomy to classify the emergent outcomes found during data analysis is also described and its 

application explained.

The study findings are presented in chapter 7. This discussion includes revisiting the aims of 

each study before focusing on its findings.

Chapter 8 presents knowledge outcomes from creative practice. It covers the practitioner-driven 

insights into designing emergent interaction experiences; whose characteristics of 

unpredictability, creativity and open-endedness make such design a complex effort.

The concluding chapter 9 summarises the outcomes. It then describes the potential for future 

exploration of this area.

A DVD documenting the artworks is a part of this submission. It is strongly recommended that 

the reader view the DVD prior to reading the thesis. The first appendix (A) lists the contents of 

this DVD and provides transcripts for the audio.

Appendix B contains a table of key design problems and their relations to one another. It serves 

to illustrate my process of iteratively reframing problems; a key method of Reflection-in-action.

Appendices C, D and E constitute evidence from the evaluation research. Thus appendix C 

contains a sample report from the Glass Pond exploratory study, appendix D contains a sample 

report from the +-now main study and appendix E includes the consent forms that were 

completed by the participants of the studies.

Appendix F lists my publications that cover the work presented in this thesis.

The bibliography is provided at the end.

1.5 CONCLUSION
This thesis is concerned with emergence in interactive art. This chapter has scoped emergence 

in interactive art in terms of three aims - theoretical investigation that defines and classifies it; 

practical investigation that seeks practitioner considerations for making these systems. And 

evaluation research into participant experience of these systems.

The two key areas concerned with this research, namely emergence and interactive art, have 

also been introduced. This discussion explained usage of the term ‘participant’ over ‘audience’ 

or ‘user’ in the thesis. In addition, the PBR approach and methods used to pursue the research 

aims were also reviewed. This was followed by a summary of all the outcomes as they relate to 

each of the three research aims.

These outcomes contribute increased understanding of emergence in interactive art and of 

interactive art more generally. The area of interactive art is still in its infancy and a great deal
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remains to be investigated. My Practice-based research concerned with interactive art - that is 

the creation and evaluation studies of Glass Pond and +-now - adds insight and understanding 

to this area generally. The efforts also contribute understanding to emergence in interactive art; 

an area that is not broadly pursued in practice or research but which holds much potential for 

interactive art and for interaction design generally. This is because it facilitates a more complex 

understanding of interaction than has hitherto been explored in interaction research; one which 

includes open-ended, unpredictable and creative interactions. These areas are under-explored 

and not well understood. Instead, HCI has traditionally focused on routine, well defined or low 

level tasks (Edmonds, 1995), although advents into similarly complex interactions such as 

ambiguous or open interactions are being made (Gaver, Beaver and Benford, 2003). The 

exploration of these complex tasks is significant to the HCI domain. Ph.D. findings regarding 

these include occurrences of creative participant behaviours as a result of an emergence-based 

approach to creating interactive art and design.

These understandings are augmented by two other contributions: the original, interactive art 

systems Glass Pond and +-now. They serve as examples to facilitate understanding the research 

area.

Other design-related outcomes are also very useful to other practitioners. Firstly, a novel 

method for instantiating emergent shapes was developed during the creation of +-now. 

Secondly a taxonomy of emergence in interactive art has also been developed. This taxonomy 

has the potential to benefit interaction designers and interactive artists directly because it ‘maps’ 

the territory of emergence in interactive art. This map can reveal new areas for exploration as 

well as providing a pragmatic means to effect and assess emergence in interactive applications. 

The following chapter presents this taxonomy. This is in the context of a state of art literature 

review, covering research into the key areas surrounding emergence in interactive art.
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2 STATE-OF-THE-ART REVIEW
2.1 INTRODUCTION
This chapter comprises a state-of-the-art review of the literature and work conducted in the 

areas of emergence and interactive art. Its aim is to define and classify emergence in interactive 

art. In particular the concern is with emergence in the context of, and in the service of, 

interactive art.

The review has informed the creation (chapter 5) and evaluation (s6.4.B) of interactive artworks 

as well as insights for practice and design (chapter 8). A direct knowledge outcome from the 

state-of-the-art review is the taxonomy of emergence in interactive art (s2.2.B) which is 

intended to be useful for other practitioners and researchers working in the area of interactive 

art.

The chapter is roughly broken into two halves. The first deals with emergence and the second 

deals with interactive art.

The first section is broken into three parts. They are a discussion, presentation of the taxonomy 

of emergence in interactive art and a review. The first discussion s2.2 begins by defining 

emergence and describing the literature scoped. Defining and debated concepts of emergence 

are then discussed, for example the ability to explain emergence. The taxonomy of emergence in 

interactive art is then presented. Finally, more detailed review of literature is presented.

The second half of the chapter deals with interactive art. Broadly speaking, this discussion is 

conducted in two parts, firstly relating to its form and secondly to materials and technologies. 

The discussion of form begins with Edmonds’ classification of art. Other theories that can 

inform the structure of interactive art and of interaction are then reviewed. This is followed by a 

discussion of technologies and materials. These are Augmented Reality, Tangible Computing, 

affordances and sand.

Where possible, the discussions refer to examples of interactive art systems that facilitate 

emergence.

2.2 EMERGENCE
In this thesis emergence is understood as when a new form or concept appears that was not 

directly implied by the context from which it arose. This emergent ‘whole’ is more than a 

simple sum of its parts. Definitions of emergence are however highly disputed and it is debated
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across and within disciplines. This review will begin by describing early concepts of emergence 

before focusing on debated areas.

This PBR research effort is concerned with emergence in the context of, and in the service of, 

interactive art. The literature on emergence selected is thus aimed at revealing interactive art. 

The three areas are: emergence in natural systems, design research and Gestalt theory. 

Definitions from these disparate areas are considered to enhance the understanding of 

emergence and define it; reveal points of contention within the theories; overlaps between them; 

and ultimately establish relations to the context of inquiry: interaction, art, and the computer. 

These are now discussed.

2.2. A DISCUSSION

This section deals with key concerns within emergence literature. In each instance literature 

from any or all of the domains are used to explore that concern.

2.2. A.1 The whole is greater than the sum of the parts
The term ‘emergent’ was first coined by philosopher George Henry Lewes in 1875. He uses it to 

describe a phenomenon that is neither a mixture nor a sum of constituting parts but rather 

heterogeneously new and irreducible to those parts (Lewes, 1875). In 1924 psychologist Max 

Wertheimer describes some phenomena in the world where the whole is greater than the sum of 

the parts and where the character of the whole influences the state of those parts (Wertheimer, 

1938). This description is very similar to that of Lewes and of emergence generally. 

Furthermore, 50 years later and within the context of computer science, emergence is described 

using the same terminology as Wertheimer used: “For emergence, the whole is indeed more 

than the sum of its parts” (Holland, 1998:14).

Other researchers within the natural sciences also use the expression ‘a whole is greater than the 

sum of the parts’ to describe emergence (Emmeche, Koppe and Stjemfelt, 1997:16, Flake, 

1998:3).

The concept of emergence as being a whole that is greater than the sum of the parts is firmly 

anchored in literature surrounding emergence.

The origins of Gestalt theory and other intersections with emergence research are now 

discussed.

2.2. A.2 The Gestalt quality
Gestalt theory has laid much of the groundwork for understanding visual perception in 

psychology and as such has been applied to visual art (Arnheim, 1954) and design theory 

(Bowers, 1999).
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In 1890 an experiment by von Ehrenfels on the perception of the whole musical melody and 

how it is inconceivable from exposure to separate tones was published (von Ehrenfels 

experiment described in Wertheimer, 1938). It led to the theory of Gestalt, which translated 

from German means ‘entire figure’ or ‘configuration’ (Bowers, 1999).

The term ‘Gestalt’ is commonly understood as “a ‘shape ’, ‘configuration ’, or ‘structure’. As an 

object ofperception it forms a specific whole or unity incapable of expression simply in terms of 

its parts (for example a melody in distinction from the notes that make it up) ’’(Oxford, 1989). 

One of the founders of Gestalt theory, Max Wertheimer emphasises that contrary to general 

belief restricting it to psychology, the Gestalt concept is applicable to the world at large. In 1924 

he describes it as a theory of wholes:

“There are wholes, the behaviour of which is not determined by that of their individual 

elements, but where the part-processes are themselves determined by the intrinsic nature of the 

whole. ” (Wertheimer, 1938:2)

Contemporary Gestalt psychologist and art historian Rudolf Arnheim further clarifies this 

position to describe the different scales (parts and whole) as mutually informing: "In a gestalt, 

each unit is affected and modified by its relations to other units of the system. Each relation, in 

turn, is affected by the agent generating it" (Arnheim, 1996a: 159). The parts rely on the whole 

for meaning while the whole retains its meaning from some combination of the parts that is 

more than a simple summing. Furthermore, as described by Wertheimer, there is feedback 

between the emergent whole and the parts.

The distinction of a whole from its parts in the definitions of Gestalt theory infer a notion of 

levels that is consistent with descriptions of emergence as occurring across levels (Emmeche, 

Koppe and Stjemfelt, 1997). Furthermore, the notion of a combined whole that is more than the 

sum of its parts is consistent with characterising emergence as heterogeneously new and not 

deducible from its parts. For example, the heterogeneously new melody cannot be deduced from 

its parts, the musical notes. The qualities of being new and occurring across levels are discussed 

in s2.2.A.3 and s2.2.A.7 respectively.

2.2.A.3 New
Literature on emergence describes something ‘new’ as occurring during emergence. For 

example, as the “creation of new properties” (Emmeche, Koppe and Stjernfelt, 1997) and "an 

emergent form [as one which] displays characteristics not present in its source." (Edmonds, 

Candy, Jones and Soufi, 1994:44).

More specifically, it is heterogeneously new (Mill, 1889) (Lewes, 1875), and Crutchfield 

describes the newness as occurring when something is different to a system’s defining (pre
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existing) character has occurred. It is considered ‘new’ because it is different from what was 

there before (Crutchfield, 1994).

2.2. A.4 The observer, perceptual and physical emergence
Artificial life researcher Christopher Langton describes emergence as global behaviour resulting 

from the simulation of those part interactions in a bottom-up approach (Langton, 1987). 

Research scientist Peter Cariani articulates a further necessity for adaptation to occur, describing 

this as achievable in a non-finite, non-discrete system through feedback between the global, 

emergent level and local interacting-parts level. This requirement is not met within most 

computer simulation and Cariani argues that the actual emergence afforded by computer 

simulation, such as Langton’s AI, is within an observer (participant) comprehending the 

simulated patterns (Cariani, 1990). This is through enabling the formation of new concepts, 

“ ...creating new ways of seeing the world [and] ...changing the way we think and interact with 

the world. ” (Cariani, 1990:790).

Cariani’s critique of simulated emergence relates to the finite nature of the computer domain 

and is detailed later in the chapter. The issue of participant perception of emergence is the key 

point here.

It corresponds with the definition of emergence put forward in much design research. For 

example design researcher John Gero describes emergence as occurring when the implicit 

becomes explicit within a designer’s perception (Gero, 1996). Thus for both Gero and Cariani 

the observer plays a key role in defining emergence.

Emergence for an observer is directly relevant to the concerns of this PBR effort; namely 

participant experience of emergence.

Emergence for an observer and participant experience of emergence are firstly, relevant to this 

research area and secondly, both subjective and perceptual activities. This has been used to 

differentiate two primary classes of emergence: 2A Perceptual and 2B Physical. Perceptual 

emergence relies on being perceived by an observer or participant in order to exist. It draws 

mostly on research from the design research and Gestalt areas. On the other hand, physical 

emergence is independent of an observer’s perception, describing emergence originating from 

physically-based processes, including living and non-living real world processes. Thus it draws 

on research in the complex sciences, physics, artificial life (A.L.) and so on.

2.2. A.5 Explaining emergence
Philosopher John Stuart Mill describes two conjuncts of causes: firstly the “...joint effect of 

several causes [is] ... identical to the sum of their separate effects... ” (Mill, 1889:243). This 

deductive approach can however only explain and predict the behaviour of some phenomena
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(e.g where a series of dynamic forces are combined, the resultant direction of motion of a body 

they act on is the same as if the forces had acted separately one at a time). A second conjunct of 

causes was therefore proposed. This second conjunct of causes is Lewes’ emergents. Mill 

deseribes it as where the “...agencies which are brought together cease entirely, and a totally 

different set of phenomena arise... ” (Mill, 1889:244). It differs from the first conjunct of causes 

because the outcome is not a compounding of parts but rather a change in kind of the effect of 

the constituting parts; a difference “ ...between the case in which the joint effect of causes is the 

sum of their separate effects, and the case in which it is heterogenous to them... ” (Mill,

1889:244). Mill refers to the tongue and to water as examples of an unexplainable, heterogenous 

effect (taste and matter’s change in state) from constituting parts that also behaves according to 

different laws. Such unexplained qualities were subject to mystical interpretations. Vitalism is a 

paricular example of this.

Philosopher Henri Bergson describes an ‘elan vital’ (translates from French to ‘vital essence’) 

as that which distinguishes a live organism from a dead one; thus founding one of the principles 

of Vitalism. The vital essence is considered to be an external entity that combines with the parts 

to form the whole emergent phenomenon of a living organism (1978).

This description is in opposition to Reductionism which aims to explain things by simplifying 

them to the theories or properties of the parts (Oxford Dictionaries, 2010c) For example, science 

philosopher Nagel (1961) rejects the premise that emergence is an inherent or absolute trait of a 

property. Instead he argues that an emergent effect is emergent relative to a theory that is unable 

to explain it in simpler terms. If another theory was found to explain this effect then it would not 

be emergent relative to this latter theory. Nagel defines emergence as relative to a current or 

fonhcoming theory of explanation, which is as relative to our knowledge. For example he states 

tha: while water’s property of transparency cannot be deduced from theories about hydrogen 

anc oxygen, making it emergent relative to them, theories of optics can explain the transparency 

of water. Relative to optics, water’s transparent effect is not emergent. He cites the difficulty of 

decucing or predicting the emergent effect as due to what is included in the various theories and 

ther premises; that is, no quality can be deduced from a theory which does not somehow 

inc ude or allow for it in its premise. Thus although water’s transparency can be explained in the 

theory of optics, unless ‘transparency’ or a similar concept was included in theories of 

Hydrogen and Oxygen it cannot be deduced from those theories. Nagel considers this disparity a 

key point to emergence.

Nagel’s position (1961) is similar to the ‘paradox of emergence’: the inability to know whether 

something is inherently unexplainable or eventually explainable. This is because by defining 

emergence as relative to a theory that cannot explain it, Nagel defines the concept as subject to 

our ignorance. Emmeche, Koppe and Stjemfelt (1997) argue that it is idealistic to assume that 
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we will one day be able to explain all things. They also argue that a reductive explanation of an 

emergent effect to simple parts still requires the emergent effect to guide it; and is thus self- 

defeating.

A related point concerns determinism. Where emergence is the creation of new properties that 

are unpredictable, it appears difficult to explain them in terms of a causal chain of events. 

Determinism, however, affords explainable causality. That is, it is possible for a deterministic 

system to yield emergence while also being explainable. Emmeche, Koppe and Stjernfelt (1997) 

and Crutchfield (2003) cite Poincares study of the “three-body problem” (the collective motion 

of the sun, a planet and the moon) and chaos theory as examples where deterministic systems 

are not necessarily predictable. (For example the weather may be predictable in the short term 

but not in the longer term.) Emmeche, Koppe and Stjernfelt thereby reconcile emergence with 

determinism (and explanation). In summary: emergence may be both unpredictable and 

deterministic and “something which is unpredictable does not have to be unexplainable” 

(Emmeche, Koppe and Stjernfelt, 1997:23).

Since the computer is deterministic, much computer art and indeed interactive art is also 

deterministic. They are therefore all ultimately explainable. Similarly the simulated emergence 

is also explainable.

It is useful to consider the views on explanation to demystify it and maintain a workable concept 

of emergence. However, the focus of this thesis remains on participant experience of emergence 

in interactive art and the practical aspects of it. Thus, for example, the issue of explicability is 

relevant to participant comprehension of emergence in the interactive artwork. Furthermore the 

position taken here is in accordance with Emmeche, Koppe and Stjernfelt to consider emergence 

as possibly but not necessarily being inexplicable.

2.2.A.6 Irreducible
Lewes describes irreducibility as when it is no longer possible to trace every step of the process 

that leads to a particular phenomenon. This is contrary to the only other type of causal effect: a 

resultant which is ' ...either a sum or a difference of the co-operant forces ” and whose 

components are clearly traceable because they are “...homogenous and commensurable”

(Lewes, 1875:369)

A finite state machine (FSM, for example a computer) is a deterministic and hence reducible 

system. This relates to one of the key debates surrounding emergence; namely that emergence 

which is simulated / created on the computer is not really emergence because it is not 

irreducible (Cariani, 1990). Instead Cariani argues that in this case any emergence that might be 

occurring is in the eye of an observer. Emergence for an observer is discussed in s2.2.A.4.
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Based on the fact that determinism can facilitate emergence as well as being reductive, the 

argument that something needs to be irreducible in order to be emergent has been dispelled.

The assertion that an emergent form must be unpredictable has also been rejected for the same 

reasons. Thus this research takes emergence as possibly but not necessarily being either 

irreducible or unpredictable. This position is also reflected in the definition of emergence as 

‘something new which is not directly implied by what came before’ (for the whole definition 

refer to s2.2).

2.2. A.7 Scales or levels
Morgan emphasises that the emergence of anything includes (1) the involvement of “concurrent 

events at lower levels” and (2) dependence of the lower level on the emergent (Morgan, 

1923:15). For example, the emergence of mind at the level of life firstly necessitates life for 

mind to exist and secondly describes life as dependent on the quality of mind. They co-exist.

Emmeche, Koppe and Stjernfelt consider emergence as the creation of something new on one 

level of organisation that is not predictable from the lower level (Emmeche, Koppe and 

Stjernfelt, 1997). They hypothesize four primary levels (physical-chemical, biological, 

psychological & sociological) each with sub-levels. Emergence occurs any time a level is 

transcended. Examples may include the emergence of biological life from the physical-chemical 

parts; and the formation of crystalline structures from previously disordered groups of atoms. 

They consider the levels to co-exist and be inclusive. This characterisation addresses how 

something can be both new, different and unpredictable from a given previous condition and at 

the same time made up of that previous condition. It avoids the situation where “ ...as a human 

being you would not be one but several different entities on several different levels. Your 

physical body, your biological body and your psyche etc. - and it would seem rather miraculous 

that it always happened to be focused at the same point in space. ” (Emmeche, Koppe and 

Stjernfelt, 1997:91)

2.2. A.8 Feedback across levels
The concept of mutual dependence and feedback between the levels (intrinsic emergence) 

appears synonymous to the early Gestalt conception of a whole as both coming about from the 

interaction of parts and informing how those parts relate (Wertheimer, 1938). Within Gestalt 

theory the ‘whole’ both supersedes and comprises its ‘parts’. As such it can be described as 

being inclusive and co-existing with the parts. The relationship between the whole and its parts 

implies a hierarchical system consistent with the concept of levels and a definition of emergence 

based on it.

Crutchfield characterises newness as occurring at two scales or levels (Crutchfield, 1994). 

Firstly, new behaviour such as pattern formation occurs at a global scale where the system as a
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whole exhibits this emergent property. Secondly, it can also occur at a local scale, when the 

local interactions between the parts themselves change. New patterns of structure can be said to 

emerge at a local level and this "newness with respect to other structures in the underlying 

system" \s described as intrinsic emergence (Crutchfield, 1994:482)t. The change in interactions 

between the parts at a local scale creates a feedback loop between global and local levels, where 

they inform one another. For example, when birds fly in a flock they both affect and are affected 

by the changing formation of the flock. On an individual level they fly differently than if they 

were in a haphazard group. Changes in one bird’s flight affects its neighbours (for example 

avoiding collision), who in turn affect their immediate neighbours. Thus the behaviour of the 

individuals affects the flock. Conversely, flying in a flock benefits the birds through reduced 

wind resistance, which in turn creates new behaviour in the bird by affecting its performance.

As shown, the discussion on levels includes mutual dependence with feedback between the 

levels. Another more generalised view of levels and emergence is proposed by Whitelaw 

(2004). It considers technical aspects such as hardware and software in relation to phenomenal 

aspects of art practice and is discussed in s2.2.C.4.

2.2.A.9 Creative
"Emergence is fundamental to creative thought in the sense that we find it hard to qualify an 

idea as creative if it is clearly implied by the preceding conditions. The creative thought 

introduces something new" (Edmonds, 1995:185). Furthermore, the ambiguity of drawing leads 

to multiple possible interpretations and potential design solutions (Mitchell 1990). It can also 

lead to creative behaviours, such as the interactive composition of music by navigating the

t Note that the ability to detect intrinsic emergence remains a separate consideration, given the need to 

differentiate changes in local structure from other miscellaneous factors.
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artificial life environment of Feeping Creatures by Berry (1998). In this latter example, 

creativity is occurring within the participant as they ‘compose’ work together with the art 

system, and it is occurring in the emergence of new structures. Lastly, creativity is also an 

integral part of open interactions.

2.2. A.10 Open systems
Open-ness is discussed throughout the thesis. That discussion primarily draws on literature on 

open art and open interaction (s2.3.D); that is ambiguity in the artwork facilitating a range of 

possible behaviours. This discussion deals with the concept of being ‘informationally open’ 

systems, that is, systems which are not finite, like the computer typically is. This issue is 

detailed in s2.2.C.3 and S2.2.C.4. The discussion reviews the problem as it was articulated by 

Cariani. Briefly, he distinguishes emergence which occurs within this finite (closed) domain of 

the computer, such as artificial life simulations, as ‘computational emergence’ rather than true 

emergence which occurs in the natural, open world. This is because within the domain of the 

computer nothing truly new can emerge: given the same starting conditions, the result will 

always be the same. In this sense, the system is ‘informationally closed’. Cariani believes the 

only true emergence to occur in this situation is that which occurs within the observer’s mind. In 

terms of the system, he argues that adaptation is necessary. His solution is to generate 

emergence ‘relative-to-a-model’ (s2.2.C.3). McCormack and Dorin and Whitelaw’s responses 

to this problem and solution are subsequently reviewed (s2.2.C.4).

The position taken in this thesis is firstly that for perceptual emergence (s2.2.B), adaptation can 

be facilitated through the changing awareness of the observer or participant, as is asserted by 

Cariani, McCormack and Dorin. Secondly, since the aim here is to investigate emergence in the 

service of interactive art, a pragmatic approach is taken to the concept of simulated physical 

emergence: this is included in the discussion of emergence here since it provides many 

mechanisms for the creation of emergence that can serve interactive artists and designers. Thus 

Cariani’s ‘computational emergence’, reviewed in s2.2.C.4 is accommodated by the taxonomy 

of emergence in interactive art. In particular, it falls under either the referenced intrinsic 

physical emergence class or the referenced extrinsic physical emergence class (s2.2.B).

2.2. A.11 Conclusion
The definition of emergence that was given at the start of this section (s2.2) implies the 

following qualities: new, unpredictable, made up of parts, whole greater than the sum and 

occurring across both global scale of the whole and the local scale of the parts. These have been 

discussed. Other qualities that have also been discussed are: creativity, irreducibility, the ability 

to explain it and the Gestalt quality. Research associated with each of these qualities is now 

assimilated into the taxonomy of emergence in interactive art.
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2.2. B TAXONOMY OF EMERGENCE IN INTERACTIVE ART

2.2. B.1 Introduction
The previous discussion has defined essential qualities of emergence as these appear in the 

literature as well as other qualities that serve to contextualise this research in interactive art. 

These are new, scale, whole, parts, feedback and the observer. Another quality which comes 

from art is referencing. This is described next. These qualities have been used to organise the 

literature into a taxonomy of emergence in interactive art. This section describes this taxonomy. 

Firstly however I will discuss how it was created and explain the referencing quality.

This taxonomy is informed by theoretical literature on emergence from different domains. This 

literature was discussed in s2.2. It has informed the first three classes of the taxonomy (that is 

from 1 through to 3A-3F) (Seevinck and Edmonds, 2008). Reflection on this, study findings and 

aesthetic issues led to the fourth class. This fourth class is now described.

2.2. B.2 Referencing quality in emergence & Concrete art
The referenced quality is used to classify emergence at the lowest level of the taxonomy (4A 

through to 4H, Table 2. It draws on a distinction in aesthetics that differentiates artwork that 

refers to something, such as a figure or landscape and the type of abstract artwork that eschews 

all reference to the outside world. This latter class is the ‘Art Concref movement. It was 

proposed by Theo van Doesburg in 1930 (Baljeu, 1974). It uses the plastic, essential or 

‘concrete’ elements of the artwork (for example colour and form) for their own sake. This is 

rather than them being in the service of a representation (Chilvers, 1999, 2004, Gooding, 2001). 

These Concrete art ideas about abstraction and the elements of the medium can also be found in 

the Constructivist and De Stijl art movements. For instance Constructive artist Naum Gabo 

describes the content and form of an artwork as being from a Constructive point of view “one 

and the same thing. It does not separate Content from Form ...they have to live and act as a 

unit, proceed in the same direction and produce the same effect”(Gabo, 1937:6).

Chipp writes of a similar focus on form in De Stijl: "in terms of painting the plastic means were 

reduced to the constitutive elements of line, space and colour, arranged in the most elemental 

compositions" (1968:315).
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2.2.B.3 Summary of taxonomy of emergence in interactive 
art

Table 2 Taxonomy of Emergence in Interactive Art.

1 Emergence

(Interactions between the parts create a whole; and this whole is greater than the sum of the parts. Something new,

different to what was before occurs. It is unpredictable, or not immediately deducible)

2A Perceptual emergence

(Emergence relies on perception by an observer to

exist)

2B Physical emergence

(Emergence originating from physically-based

processes, including living & non-living real world

processes. Independent of an observer’s perception)

3A X Extrinsic

(The emergent whole

does not affect the parts)

3B Intrinsic

(The emergent whole

changes the parts)

3C Extrinsic

(The emergent whole

does not affect the parts)

3D Intrinsic

(The emergent whole

changes the parts)

4A §

Concrete

4B

Referenced

4C

Concrete

4D

Referenced

4E

Concrete

4F

Referenced

4G

Concrete

4H

Referenced

Within the taxonomy of emergence in interactive art eight classes are distinguished (4A -4H). 

These are shown in Table 2 and listed below.

Concrete extrinsic perceptual emergence (4A): This is a type of emergence that relies on being 

perceived to exist, where the emergent whole does not change or affect the parts that make it up, 

and where the emergent whole does not refer to anything. For example a melody is a

| Up to this point (that is, from class 1 through to class 3) may be found in SEEVINCK, J. & 

EDMONDS, E. (2008) Emergence and the art system ‘plus minus now’. Design Studies, 29, 541-555. 

§ Where ‘concrete’ is a new construct that does not refer to anything and is greater than the sum of its 

parts and ‘referenced’ is where something else in the world is being referenced. See S2.2.B.2.
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qualitatively new different whole to its constituting musical notes (parts). It does not change the 

notes.

Referenced extrinsic perceptual emergence (4B): This is a type of emergence that relies on 

being perceived to exist, where the emergent whole does not change or affect the parts that 

make it up, and where the emergent whole refers to something else in the world. An example is 

the emergent star shape that results from the copy and rotation of an original shape (Figure 2). 

Here the star shape (whole) does not change its constituting shapes (parts); while the 

interpretation of this star is in reference to stars in the real world. Another example is an 

emergent composition of a face, perceived during interaction with +-now (s7.6.B.2). Here the 

interpretation of the face composition (whole) does not affect the constituting shapes and 

gestures (parts). It also refers to faces in the real world.

Concrete intrinsic perceptual emergence (4C): This is a type of emergence that relies on being 

perceived to exist, where the emergent whole changes or in some way affects the parts that 

make it up, and where the emergent whole does not refer to anything. It can include new 

strategies or behaviours. For example, the bluffing behaviour in the game of poker and the 

‘following lights’ behaviour during interaction with +-now (s7.6.B.4). Here the bluffing 

behaviour (whole) affects the way in which cards (parts) are treated (eg with suspicion); or the 

following lights behaviour (whole) affects the way in which the sand, coloured and white image 

are interacted with (eg more quickly).

Referenced intrinsic perceptual emergence (4D): This is a type of emergence that is dependent 

on an observer’s perception, where the emergent whole changes or in some way affects the parts 

that make it up, and where the emergent whole refers to something else in the world. For 

example, during the collaborative design of the Lotus bicycle the creative team would recognise 

aspects of the drawings in different ways, as is consistent with their own area of expertise 

(Edmonds, Candy, Jones and Soufi, 1994). When shared among the group, these varied 

interpretations resulted in surprisingly new design intentions. The emergent intentions would 

‘feed back’ to change the meaning of the drawings and their emergent shapes. Thus the 

emergent design (whole) feeds back to change the condition of the shapes recognised in those 

drawings (parts). Another example is the interpretation and animation of a stickman during 

interaction with +-now (s7.6.B.3). Here the animation behaviour (whole) affects the way in 

which the sand, coloured and white image are interacted with (eg rhythmically, to make the 

‘man’, ‘walk’).

Concrete extrinsic physical emergence (4E): This is a type of emergence that exists 

independently of being perceived, where the emergent whole does not change or affect the parts 

that make it up, and where the emergent whole does not refer to anything. For example, the 

shape of a coastline. Here the coastline’s self-similar structure (whole) does not affect the rocks 

that it is made up of (parts).
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Referenced extrinsic physical emergence (4F): This is a type of emergence that exists 

independently of being perceived, where the emergent whole does not change or affect the parts 

that make it up, and where the emergent whole refers to something else in the world. For 

example, a fractal simulation of a coastline. Here the fractal algorithm (whole) does not affect 

the constants within this algorithm (parts). It also refers to a coastline.

Concrete intrinsic physical emergence (4G): This is a type of emergence that exists 

independently of being perceived, where the emergent whole changes or in some way affects 

the parts that make it up, and where the emergent whole does not refer to anything. For 

example, a flock of snow geese flying in formation or an insoluble crystal. Here the insoluble 

crystal (whole) affects the molecules (parts) by changing their solubility. Similarly, a flock 

(whole) affects the individual birds (parts) by reducing their wind resistance and flying effort. 

Referenced intrinsic physical emergence (4H): This is a type of emergence that exists 

independently of being perceived, where the emergent whole changes or in some way affects 

the parts that make it up, and where the emergent whole refers to something else in the world. 

For example, Boids model of flocking birds (Reynolds, 1987), Autopoeisis (Rinaldo, 2000).

Here the flock (whole) affects the individual Boids. It also refers to flocking behaviour in the 

natural, real world.

2.2. B.4 First level of classification
Contemporary research into emergence can be categorised into essentially two non-exclusive 

structures that may be spatial or temporal: (1) physically manifest structures and (2) perceptual 

structures that are internal to an observer.

(1) Includes occurrences of structures in natural systems and efforts to model these; while (2) 

includes research into the perception of shapes in the field of design and composition in the arts; 

as well as the perception of pattern in natural phenomena (such as flocks of birds) and when 

regarding simulations.

Since the context of this Ph.D.’s inquiry is digital interactive art, philosophical issues regarding 

the simulation of emergence in the computer will also be considered.

2.2. B.5 Second level of classification
The first level of the taxonomy has distinguished between situations where the emergent 

‘whole’ relies on an observer to exist (Perceptual emergence) and situations where the emergent 

‘whole’ exists independently of an observer (Physical emergence).

The next, second level of classification differentiates the different types of emergence in terms 

of feedback. This separates instances where the emergent whole ‘feeds back’ into the parts and 

alters them; from instances where there is no feed back from the whole to the parts. Where there
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is feedback, the emergent quality is intrinsic to the structure and where there is no feedback it is 

extrinsic to it (Crutchfield, 1994).

The important difference between 4D and 4B s that they are acting on their perception and this 

becomes a behaviour.

2.2. B.6 Third level of classification
Finally, the taxonomy differentiates between types of emergence that can relate to art in one of 

two ways. This is a differentiation based on referencing. Thus emergence that references 

something else in the world such as through modelling or interpreting something familiar is 

called Referenced emergence. Conversely emergence that does not reference anything and is 

completely original and instantiates something completely novel and concrete is called Concrete 

emergence. This last level of the taxonomy draws on aesthetic research and practice. The 

emergent composition of a heartbeat that was previously described is an example of Referenced 

Intrinsic Perceptual emergence (4D in Table 2). It is a Perceived object which relies on the 

participant to interpret it in order to exist as the ‘heart beat’ composition. The heartbeat 

interpretation also sustains the composition itself because the participant creates gestures in the 

sand to ‘keep the heart beating’. Each of these gestures is a pulse, sharing the meaning of the 

whole heartbeat. The emergent whole therefore informs the parts, feeding back into them. As 

such it is Intrinsic to the whole. Finally, the interpretation References a heart.

2.2. C REVIEW

2.2. C.1 Perceptual emergence
The second primary type of emergence concerns patterns perceived or created by people: the 

subjective comprehension of an emergent phenomenon where they are made explicit. Perceived 

structures are internal to the person for whom the emergence is occurring. They are not 

physically manifest and in this way differ from physical structures. They are however relevant 

to the perception of physical structures.

Research in the area of perceived structures comes largely from the design community. Soufi 

and Edmonds (1996) differentiates two types of perceived structures: interpretive and 

transformative. The former concerns predictable interpretations of visual forms and appears to 

overlap with Gestalt theory. The latter concerns the transformation of understanding. It is 

particularly relevant to the research in this Ph.D. as it may provide a model for understanding 

goal formation and interaction.
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2.2.C.2 Emergence in design research
Research into emergent shapes commonly cites the following to define emergence:

"An emergent form displays characteristics not present in its source. " (Edmonds, Candy, Jones 

and Soufi, 1994:44)

"A property that is only implicit, that is not represented explicitly, is said to be an emergent 

property if it can be made explicit." (Gero, 1996:441)

The first description implies the existence of something (a whole) that is more than it’s source 

(the parts). Here and in Edmonds (1995) emergence is considered something new or 

heterogenous to its source, occurring at a different level to the scale of its preceding conditions; 

thus consistent with the proposed qualities of emergence. The second description is more 

specifically focussed on the role of perception in engendering emergence. As such it implies an 

occurrence across levels from implicit origins to the explicit, emergent current state; but neither 

specifically addresses nor contradicts the proposed qualities of the heterogeneously new (to its 

origins). It really only describes the emergent property as having ‘arisen’.

Emergence in design research has been addressed through concern for the ability to design with 

a computer. Emergence is considered a part of creativity (Edmonds 1995) and emergent shapes 

are considered an integral part of the drawing process during which explorative design occurs 

(Mitchell 1993 in Soufi and Edmonds, 1995). The design community focuses on design with the 

computer and in particular the investigation of perceived structures or emergent shapes. 

Designing with the computer is problematic because the designer’s inability to manipulate their 

perceived emergent forms within CAD is limited. This is because forms are not directly 

represented by the CAD software. For example, emerging forms such as the star in Figure 3 (b) 

require a new schema for representation over and above that of the original shape (a) (Gero, 

1996). Thus the CAD software’s algebraic representations of geometry need to be augmented to 

support the extraction or manipulation of emergent shapes. Research into computational models 

for shape emergence by Soufi and Edmonds (1995) describes a modelling framework where 

shapes are decomposed into intermediate representations such as vertices, maximal lines or 

region; prior to recombining these parts into new shapes. They use multiple intermediate 

representation methods in order to generate as many different kinds of shapes as possible. In 

Soufi and Edmonds (1996) a selection process based on some Gestalt principles of perception 

(filtering by domain, and some psychological criteria: simplicity and likelihood) is also applied 

to correlate emergent shapes with a designer’s expectations.
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Figure 2 (Gero, 1996) show how the original shape (a) when reproduced three times as in (b), renders many emergent forms.
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Interpretive and transformative emergent shapes
A classification of emergent shapes facilitates research into modelling emergent shapes for 

design. (Soufi and Edmonds, 1996) have categorised emergent shapes as either interpretive or 

transformative. Interpretive shapes are considered predictable using Gestalt principles and may 

either be embedded where all “ ...boundaries exist in the original pattern” (Soufi and Edmonds, 

1996:456), for example the star in figure 3 (b). Interpretive shapes may also be spatially 

completed where the shape arises from perceiving occlusion in the original image.

Transformative shapes are considered relatively unpredictable and unconstrained. A range of 

potentially new shapes may be prompted from the original structure. They are described in 

terms of how common their boundaries are with the existing boundaries: either emerging 

through an extension of original shape boundaries or without any overlap with the original 

shape boundaries; as exemplified in their figures repeated here. Figure 4 features the original 

shape while Figure 4 shows possible transformative shapes. The authors further argue that 

transformative shapes may not exist purely in the original shapes and go beyond perception of 

those shapes, to instead describe a transformation of the subject’s worldview, a point affirmed 

by architect and theorist William Mitchell. He describes how a designer's understanding is 

affected by the recognition of emergent shapes.

“Designers ... frequently recognize emergent sub shapes, and subsequently 

structure their understanding of the design and their reasoning about it in terms 

of emergent entities and relationships." (Mitchell 1993 in Soufi and Edmonds, 

1995:411)

Where understanding is transformed new meanings arise. This may be accomplished through a 

change in context such as in collaborative design posited by Edmonds, Candy, Jones and Soufi 

(1994). In their work on building a collaborative, agent-supported, design environment, 

software agents may reflect the heterogeneity of the collaborating human agents (different 

disciplines) in order to support the human agents (for example by translating or mediating 

terminology or representations used in the different disciplines). This is argued to partially
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enable the shape emergence integral to the design process (Edmonds, Candy, Jones and Soufi, 

1994).

Figure 3 Original shape from (Soufi and Edmonds, 1996)

Figure 4 Transformative Shapes from the original shape in Figure 3

I I I NI—I

(a) (b) (c)

(d) (c) <f)

Gestalt theory and perceptual emergence
As stated earlier in the section on perceived structures, Gestalt theory of visual perception has 

been used to define interpretive emergent shapes in design; may facilitate understanding of the 

perception of emergent shapes generally; and is also generally consistent with the notion of a 

perceived whole relative to its parts or origins. Gestalt theory has been applied to the arts with 

melody as an example. Another example is composition in a painting. If a painting is broken 

down to its constituting figures and these considered separately, the meaning and impression of 

the painting to which we respond is lost; thus the composition of the painting is considered a 

Gestalt quality. Rudolf Arnheim describes "...works of art and music as the perfect embodiment 

of highly organized and unified patterns, in which the structure of the whole interacted with that 

of the parts” (Arnheim, 1996b: 105). This further describes how the global level might inform 

the local level and feedback between the two might occur. This notion of ‘intrinsic emergence’ 

was discussed earlier in the section on levels. It parallels some discussion on the creation of 

emergence in interactive art; specifically the interaction feedback loop between the participant 

or artist; the world; and the computer’s art system.

This approach is characterised firstly by open-ness, implying capacity for infinite adaptation and 

opening the model up to measure and ‘grow’ relative to the natural world. Secondly, measuring 

relative to the observer fixes the observer’s point of view and area under investigation thus 
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addressing the difficulty of knowing whether emergence is actually occurring or if it is just a 

changing viewpoint or the influence of un-monitored entities. “Simulations which we specify 

completely are problematic... ” since if we completely control a device we can’t measure it and 

any measurements only reflect our own actions (Cariani, 1990:791). The knowledge gained 

from such a model is not the same as knowledge gained from making measurements. In addition 

to measuring the environment, Cariani’s proposed devices have a capacity for adaptive self

alteration. They may be syntactically or semantically adaptive or both; changing the rules for 

their computation or the meaning of the input (for example the mappings of input to symbolic 

representation; or evolving new sensors, perceptual categories or meanings), respectively.

An example of an adaptively emergent device is given in some artificial life research by new 

media and culture academic Mitchell Whitelaw. He refers to the research of Adrian Thompson 

whose Field Gate Programmable Array adapts semantically relative to the non-finite and non

discrete natural, physical world. Where integrated circuits (IC) evolve directly on the hardware 

the designs are “...unconstrained by binary abstraction... making full use of the complex 

dynamics of their physical medium” (Whitelaw, 2004:225-226) as well as not needing to align 

themselves with any observer/programmer specified rules of operation.

In summary, Cariani necessitates two criteria for a physical, emergent system: open-ness and 

adaptation. The observation of such a system also requires framing of the observer relative to 

the system under study. These points constitute emergence relative-to-a-model. Whitelaw 

(2004) and other digital art research addressing emergence relative-to-a-model will be discussed 

in more detail later. Researchers in the interactive arts do not, however explicitly address 

emergence in perception. This is the second primary type of emergence extracted from the 

literature.

2.2.C.3 Physical emergence
This discussion briefly reviews some occurrences of emergence in the natural world. It 

subsequently discusses artificial life, the simulation of emergent life processes since it is 

employed by interactive artists working with emergence of physical structures. Since the 

proposed research will concentrate on digital interactive art, the role of the computer (that is 

being finite and deterministic) in influencing the quality of emergence the system can exhibit is 

relevant. This more general discussion of simulation creates a context for reviewing emergent, 

artificial life art in a later part of this paper.

Emergence in nature
The emergence of structures in nature describes ordered formations of interacting individuals or 

parts; as opposed to groups of them. For example, the typical V-Shape of snow geese flying in 

formation is an emergent structure or behaviour that becomes physically manifest and can be
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differentiated from a disordered group of birds. The same characterisation can be extended to 

the organisation of ant colonies or formation of termite mounds (Flake, 1998).

The tendency toward self-organisation in systems that are not living is also an example of 

emergence, as discussed by research scientist Flake (1998). Self organising systems “...start 

disordered and featureless but then spontaneously organize themselves to produce definite 

structures ” (Wolfram, 2002). An example is a thermodynamic system of Bernard cells that are 

created when heating oil and chilli in a pan. Due to heat convection the chilli powder will 

rearrange from its disorganised configuration to settle into beehive patterns (Emmeche, 1994). 

Dynamical theory such as chaotic attractors can also investigate emergence to provide insight 

into physical structures (Flake, 1998).

Simulation of physical emergence: Artificial Life
In (Langton, 1987), a formative paper for the Artificial Life (or A.L. for short) community, one 

of its founders Christopher Langton describes emergence as key to the field and implicit in its 

methods. He follows the biological metaphor of genotypes and phenotypes** to ‘GType’ and 

‘PType’ respectively with the objective of modelling life. Langton describes the execution of a 

GType’s set of simple rules in the context of execution as creating complex global behaviours 

or structures in the emergent PType. The process is characterized as bottom-up and distributed 

on the local level, with no global (higher level) direction. “Any behaviour at levels higher than 

the individual programs is therefore emergent’’ and argued to be ‘life’ (Langton, 1987:4). 

Examples of simulation applied to natural structures include the use of cellular automata to

** “The genotype is the complete set of genetic instructions encoded in the linear sequence of nucleotide 

bases that makes up an organism’s DNA. The phenotype is the physical organism itself - the structures 

that emerge in space and time... [from] the interpretation of the genotype in the context of a particular 

environment.” (Langton 1987, p.22)
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describe ant behaviours and the emergent organization of ant colonies; and context sensitive 

Lindenmayer systems to describe organic structures such as trees. Lastly the simulation of 

emergent, flocking behaviour is also described (Langton, 1987).

A.L. research has been applied to design research for the modelling of emergent shapes (Gero, 

1996). It has also been applied to modelling the design process, where a problem is evolved 

alongside solutions as genotype and phenotype respectively (Poon and Maher, 1996). As 

discussed in the section on interactive art and emergence it is also explored by artists to explore 

emergent forms (Sommerer and Mignonneau, 2002) and behaviours (Annunziato and Pierucci, 

2002, Rinaldo, 1998).

The definition of emergence within artificial life is consistent with the preliminary definition 

given of being new and occurring across levels or scales. It should be noted however, that A.L. 

is reducible, predictable and replicable. This is due to working within the finite and symbolic 

nature of the computer; and it is described by Cariani (1990) as an example of ‘computational 

emergence’.

Computational emergence'
Cariani (Cariani, 1990) considers the majority of computer simulation to be non-emergent and 

uses the term ‘computational emergence’ to describe them. The term accounts for the implicit 

shortcomings of attempting to model emergence within a symbolic, bounded and deterministic 

system: the computer. Cariani argues that a) changing our vantage point from which we model a 

system can provide a view which is non-emergent and b) any computer simulation will, 

provided we repeat the initial conditions, produce the same results ” ...the same plant will grow 

time and time again from the same seed” (Whitelaw, 2004:219). Thus emergence does not 

really occur because nothing new can result from the finite state machine (or F.S.M for short). 

Thus computer simulations such as A.L.:

"... Do not change the formal and completely replicable nature of the process. 

Increasing the size of the simulation, adding new layers of simulation rules, 

simulating random or chaotic processes, or representing genotypes or 

phenotypes will in no way change the replicability of the simulation; hence these 

changes will be ineffective at transforming a previously nonemergent simulation 

into an emergent one. ” (Cariani, 1990:790)

Computational emergence does however, have emergent effects on people watching. (Cariani, 

1990) describes the opportunity for emergence in the mind of the observer as they comprehend 

the patterns.
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Emergence relative-to-a-model’
Cariani defines ‘emergence that is relative-to-a-model’ as “the deviation of a physical system 

from an observer’s model of it” (Cariani, 1990:779). This refers to an emergence that is 

occurring externally to the observer’s model, be it a computational or cognitive model. The 

model is continually compared to measurements taken from a physical system. In this way he 

proposes to investigate physical systems and ‘true’ emergence.

Thus the work compares the specifications for the machine with its creativity; and the closed

ness and repeatability of the machine to its openness.

He argues that for this to be successful the system must have both “(1) structural autonomy 

relative to us [as well as]... (2) richness of potential structure. ” (Cariani, 1990:776)

2.2.C.4 Informationally open systems for emergence
The computer’s finite and deterministic nature, or tendency toward non-emergence due to the 

inherent inability to exceed the designer’s specifications (Cariani, 1990) informs what qualities 

of emergence might ensue. A.L. artist and computer science researchers (McCormack and 

Dorin, 2001) have engaged with this issue in their work with generative, complex systems. They 

argue that the creation of an ‘informationally open’ system can transcend the finite and 

deterministic nature of the computer; thus creating Cariani’s emergence relative-to-a-model 

(Cariani, 1990). They consider this achievable through the creation of a feedback loop; for 

example real-time interaction with artwork. However Whitelaw points out that adaptation is 

required for emergence relative-to-a-model; and adding an open domain such as a human being 

or the internet does not make it adaptive unless new sensors, effectors, internet communication 

protocols or similar are evolving (Whitelaw, 2004). McCormack and Dorin (2001) and 

Whitelaw (2004) consider perceptual structures in their approach by considering emergence 

relative to a participant. Their positions are consistent with early Gestalt theory (Wertheimer, 

1938) and the preliminary definition given where emergence is a whole that is greater than the 

sum of its parts and the heterogeneously new occurs across levels (s2.2).

These two papers both relate to the same issue (information openness) as well as art and 

emergence. They are complementary and now discussed: Where Whitelaw (2004) develops a 

broadly inclusive structure emphasising mutual feedback between local and global levels that 

may include interaction, McCormack and Dorin (2001) focus on it and the emergence it may 

afford. As stated, they considering the participant to be an inherently open entity, enabling 

" ...dynamics beyond the physical or virtual elements that compose the work” (McCormack and 

Dorin, 2001:11).
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Model of emergence across levels
Whitelaw (2004) follows Langton’s (1987) definition of emergence in terms of the 

characteristic of mutual feedback between levels; to create a binary two-tiered template. This 

comprises a lower substrate level (1) which creates emergence on a higher, phenomenal level 

(2). The feedback interaction is characterised as where "... no simple correspondence between 

substrate and phenomenon but a complex entangled causality giving rise to artefacts and events 

that seem to constitute something new, something extra. ” (Whitelaw, 2004:215)

Artificial life simulation is argued to be emergent in these broad terms through the iterative 

evolution of forms (‘P-Types’) which continually creates new behaviour. The template is also 

applied to the situated experience of life: surprising behaviour that is irreducible to its local 

dynamics occurs in everyday situations and is argued as emergent.

Furthermore, since we continually revise our internal model to process data, new meanings and 

understanding can also be said to continually emerge (Whitelaw, 2004). He further argues that 

since art may function and be interpreted in unexpected, irreducible ways, it is also emergent. It 

is emergent in two ways: firstly, a work of art may constitute a material substrate (paint, steel, 

canvas etc) (1) which feeds back into, interacts with and constitutes an affectation in a person 

(2) viewing the work. Secondly a single artwork’s impact on people (1) can affect the world of 

art in the emergence of culture and new artworks (2):

“...art gives rise to emergent phenomena (culture, discourse) that inform the 

production of subsequent works in the feedback loop of ongoing emergence. ” 

(Whitelaw, 2004:227)

Feedback loops during interaction
McCormack and Dorin interpret emergence relative-to-a-model (Cariani, 1990) as providing “ 

...insight into one of the possible roles of emergence in generative art, where the ‘emergence ’ is 

not in the simulation itself rather how it changes the way we think and interact with the world” 

(McCormack and Dorin, 2001:56). They interpret adaptation as occurring in the open domain of 

the observer rather than in a physical system. Some examples of open systems and interactive 

art are now discussed.

Firstly, the web-based interactive artwork Verbarium by A.L. artists (Sommerer and 

Mignonneau, 2002) uses online textual input to grow virtual plants. Lindenmayer systems create 

the emergent visual forms. The work is not currently online. Verbarium has the potential to 

exhibit patterns of emergence unique to the network of participants. In using the web the work 

is open. This is intentional as discussed in s2.3.D. It also illustrates McCormack and Dorin’s 

proposal to use the human being to make a system open and facilitate emergence relative-to-a- 

model in physical structures (2001).

33



In A-Volve (1994-1995) by Sommerer and Mignonneau participants create an initial shape that, 

depending on how long it can survive, will reproduce and affect future additional shapes (Dietz, 

2002). As described in s2.3.D, these artists also deal with openness in their work.

A.L. artist Kenneth Rinaldo’s installation Autopoeisis (Rinaldo, 1998) is open in the sense that 

it’s sensors are able to detect the physical installation environment, such as the position of 

people visiting the installation. The work comprises a group of musical, interactive sound 

sculptures that exhibits emergent group behaviour based on flocking bird behaviour. Tones for 

the various states of the different ‘birds’ are rendered, creating sound scapes. The individual 

bird sculptures are articulated and change shape in response to the changing states of neighbours 

and changing environmental conditions. Here emergence may be occurring in terms of the 

changing configuration of the flock, and also in subjective terms of the participant’s view of the 

artwork.

Sticky Traffic (Seevinck, 2003a) (s4.3) is an open, responsive artwork. Briefly, it is an 

installation that uses microphones to detect the motion of traffic (footsteps and cars passing) and 

renders corresponding imagery to affect the traffic. It is designed to afford the interpretation of 

emergent shapes and behaviours

A similar example of the potential for emergence of patterns of behaviour is the interactive 

artwork Protrude, Flow (Kodama and Takeno, 2001) where a metallic liquid’s behaviour is 

determined by a dynamically controlled magnetic field. Microphone input senses participant 

sounds such as talking and clapping to affect the magnetic field. Here participants respond or 

react to the movement of the liquid and the system responds to the audio, magnetic field by 

moving. Patterns of behaviour of participant and liquid may result.

2.2.D CONCLUSION

This first half of the chapter has reviewed literature from complexity theory, design research, 

gestalt theory, physics and art to define emergence in the context of interactive art (s2.2). A 

taxonomy of emergence has also been constructed (s2.2.B). This is intended to be useful for 

other practitioners working in emergence and/or interactive art.

In particular, the taxonomy facilitates drawing on different emergent literature for different 

types of emergent experiences.

The perception of emergent shapes (s2.2.C.2) is one instance of perceptual emergence. Another

example that is useful to point out is the potential for perceptual emergence to come from the

creation of natural systems for emergence. For example, perceiving the ‘V’ shape characteristic

of a flock of snow geese; or interpreting a choreography in the group behaviour of Autopoeisis,

Ken Rinaldo’s installation of mechanical sculptures whose behaviour simulates flocking

(Rinaldo, 1998, , 2000) are both examples of physical emergence, as described in S2.2.A.4 and 
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S2.2.C.3 but which can also facilitate perceptual emergence in an observer or participant. This 

example demonstrates the potential of the taxonomy to service interaction designers - by 

guiding their selection and awareness of the different types of emergence that can be created 

using different bodies of emergence research.

2.3 INTERACTIVE ART
Interactive art is a relatively new area for art that is still little understood. It is defined as a 

digital hardware and software system requiring physical audience or participant presence, in 

order to function and respond to that presence or input. This section reviews research related to 

interactive artwork. It is loosely structured into two halves: form and materials/technology. 

Examples of interactive art systems and designs are located throughout the discussion.

The discussion on the form of interactive art begins by tracing early contributions to the area 

such as the work of Brecht and the Situationists. Artists’ approaches to interactivity prior to the 

1990’s are briefly presented, including John Cage, Nam Jun Paik and Ken Feingold (s2.3.A). 

Edmonds et al.’s continuing classification of interactive art (s2.3.B) is then discussed as it 

describes some of the unique qualities of interactive art and contextualises it relative to 

traditional art. Theories about touch in interaction and the structure of interaction are then 

reviewed (s2.3.C). This includes open interaction (s2.3.D) and a comparison between open and 

emergent interactions (s2.3.E).

The second half of this section on interactive art looks at technology and materials. It covers 

augmented reality and tangible computing technologies as well as discussing the affordances of 

materials and finally, the qualities of sand.

Interactive art is a mixture of aesthetics and theory, interaction design and digital technology. 

This discussion and the examples provided reflect this diverse nature. Thus interactive and non

interactive digital artworks as well as more technically focused interaction designs are referred 

to throughout the review.

2.3.A THE FORM OF INTERACTIVE ART

Edmonds defines interactive art as “when audience participation is an integral part of the 

work’’ (Edmonds, to appear, 2011b). His description shows the importance of an active 

audience to the interactive artwork.

This active role for an art audience has been discussed for some time. An early example is the 

politically motivated reconfiguration of the audience from spectator to producer in the 1930s 

(Benjamin, 1931-34). Bertolt Brecht’s plays exemplify this. They aimed to dispel narrative 

tension to encourage critical audience engagement with the subject matter rather than passive
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spectatorship (for example, in The Threepenny Opera (1928) he questions divisions of class). In 

1952 John Cage shocked audiences with the performance of 4 ’33 ” (1952). The work consists of 

four minutes and 33 seconds of silence, where the performer takes no action but rather it is the 

environment - such as the audience - which contributes to the sound scape. Initially motivated 

to redefine silence, this composition signified a turning point in his work which subsequently 

went on to ‘surrender’ authorship and open the form of the work up to other influences (such as 

audience input. Open-ended work is discussed later in this chapter in s2.3.D.) Around the same 

time, Allan Kaprow created 18 Happenings in 6 Parts (1959). It consists of an interactive 

environment through which the audience was manipulated to a degree that was ‘virtually 

unprecedented in 20th century art” (Schimmel, 1989:61). American curator Schimmel likens 

Kaprow’s treatment of the audience to that of theatre props “through which the artist’s vision 

would be executed”. This differs from Cage’s motive to enhancing audience participation as 

being the surrender of complete creative control. According to German curator and author Inke 

Ams, Cage and the Situationists were among the first to initiate active audience participation. 

These efforts would lead to ‘Intermedia’ works, where audience, artwork and artist came 

together outside established institutions and genres (Daniels, 2008). For example, Nam Jun 

Paik’s Exposition of Music-Electronic Television (1963a) combines many exhibits of different 

media (pianos, televisions, a freshly slaughtered ox) in the public and private spaces of the 

gallery. In interacting with Participation TV 1 (Paik, 1963b) Paik would modify live broadcasts. 

This was the first instance of viewer interaction with television and heralded the start of Video 

Art (Ams, 2004, Daniels, 2008). It was around then that the artist and theorist Roy Ascott first 

distinguished the term ‘participant’ to describe the audience of the interactive artwork (Ascott, 

1966).

Another approach to interactivity surfaced in the closed-circuit installation artworks of the 

1970’s. Artists such as Peter Weibel and Bruce Nauman used cameras and monitors in closed 

circuits to “...confront spectators with their own mediated image” (Arns, 2004:2). For instance, 

in Weibel’s Observation of the Observation: Uncertainty (Weibel, 1973), the positioning of 

cameras and monitors preclude the spectator/participant ever seeing their front, no matter how 

much they twisted and turned. In this way the mediation of the image conditioned the 

spectator’s behaviour. The closed circuit installations were born of a distrust of the 1960’s 

ideals of audience participation and open-endedness (Arns, 2004, Daniels, 2008). They were 

highly predictable and defined artworks: they were closed. Open-ended interactions once again 

became prominent in art with the rise of the computer and increasing access to the internet. For 

example, in Sommerer and Mignonneau’s Verbarium the viewer plays an active part in shaping 

the work. As explained in S2.2.C.4 they send emails which are converted into three dimensional 

forms. Another example of an open-ended work, and one which is explicitly open in terms of
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the experience it affords the participant, is Feingold’s The Surprising Spiral (1991). This is a 

computer-controlled interactive artwork consisting of a sculptural interface for a large, hypertext 

linked database of travel images. The images are organised into a non-linear montage, affording 

the eternal, recurrent, interaction structure alluded to by the work’s title. Feingold describes the 

work as embodying an ambiguous interaction, something which the audience at that time found 

frustrating because they couldn’t control the system to get what they wanted. He was 

disappointed by their desire for control and considers it as simplistic, lacking a capacity for 

abstraction, metaphor and ambiguity as is used in viewing other traditional art forms like 

painting. Feiner critiques work that prioritises such control and predictability as

“ ...vending-machine menu-driven forms of interaction... [e.g.] - “if the viewer 

does this then computer does that” [resulting in work that] ...is too fixed, and as 

a result lacks mystery, complexity or paradox, which I consider to be essential 

qualities of a good work of art” (Feingold, 1997).

This shows an interest is in the open-ended work and participant experience. Open interaction is 

discussed later in this chapter (s2.3.D, s2.3.E).

Participant experience has been explicitly researched by Edmonds, Muller and Connell to 

describe audience engagement with a work in terms of attractors, sustainers and relaters 

(Edmonds, to appear, 2011a, Edmonds, Muller and Connell, 2006). That is, the work may be 

attracting, drawing participants in, and/or it may be sustaining where it keeps them interested 

and engaged for a longer period of time. The participant may also have ‘related’ to the work 

where they want to experience it again and again. Other research into participant experience of 

interactive art has been conducted within the new area of ‘Digital Live Art’ (DLA). DLA is at 

the intersection of Live Art, computing and HCI (Sheridan and Bryan-Kinns, 2008, Sheridan, 

Bryan-Kinns and Bayliss, 2007). Like Live Art, DLA is characteristically more fleeting, 

improvisational and experimental than traditional theatre; and occurring outside typical theatre 

spaces. Digital technology and interaction design issues also define the concept, mediated by 

this aesthetic agenda: DLA is “not conventionally task-based and routine” (Sheridan and 

Bryan-Kinns, 2008:289).

Research into DLA explores the role of the audience to challenge the traditional notion of 

audience as passive. Sheridan, Dix, Lock and Bayliss investigate the transformation of audience 

into a participant or performer (2004:9). They developed a ‘performance triad model’ which 

identifies observer, participant and performer roles (2004:7). The role of the observer was later 

expanded into “unwitting” and “witting observers”. Four potential roles for the participant 

resulted: (1) unwitting observers (bystanders who do not realise there is a performance), (2) 

witting observers (the audience that is watching the performance), (3) participants (novices
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interacting with the DLA performance. They have limited skill which may be improved through 

trial and error and observation to become performers), and (4) performers (experts at interacting 

with the work or in the performance frame. They have high skill and are able to express 

themselves). It is important to note that these definitions characterise DLA and their relevance 

to other interactive art may be limited. For example, a gallery-based art installation typically 

involves signage and other cues which would mitigate unwitting participation; that is it would 

inform the audience as to the nature of the work. The performance category also has limited 

relevance to art systems which are not ‘Live Art’ or which do not intend performance (e.g. +- 

now and Glass Pond which aim to sustain a solitary, reflective experience, see s5.8). 

Investigation into participant expertise and meaning-making may draw on the sustained and 

relating descriptors described above, the DLA model, and/or be guided by their own 

evaluations.

These contributions and approaches to interactive art vary in their form: across critical, 

performative and participating audiences; artist intentions to cede authorship versus 

manipulate/condition the audience; open, closed and tactile participant experiences. All of these 

dimensions concern time and interaction. These are also the two differentiating factors Cornock 

and Edmonds 1973 classification of art (Cornock and Edmonds, 1973). Development on this 

classification has continued over the last 40-odd years, to reflect some of the different views of 

art that surfaced over this period. This classification is now reviewed.

2.3.B CLASSIFICATION OF INTERACTIVE ART

As stated, this classification of art distinguishes interactive art from other media such as 

painting, by drawing on interactivity and time. Initially, Cornock and Edmonds proposed four 

classes of art (1973). These were augmented in 2004 to include generative art (Edmonds, Turner 

and Candy, 2004). More recently Edmonds has revisited the taxonomy to detail four classes of 

interactive art (Edmonds, to appear, 201 la). These types draw on his practice and as such the 

taxonomy is not exhaustive. However, it is still useful for viewing interactive artwork and 

interaction in a general sense. The most recent version of this taxonomy is:

Static: Traditional art. This art form does not change or respond to the viewer or its context. An 

example is a painting.

Dynamic Passive: This type of artwork has an internal mechanism that allows it to change or it 

may respond to environmental input. Kinetic art such as the mobiles of Alexander Calder is an 

example of this. This work is considered predictable. It has a performative aspect. 

Dynamic-Interactive (Responsive): This type of system will take input from a viewer, who thus 

becomes a ‘participant’. A feedback loop ensues between participant and artwork and the work 

varies in its performance with the participant. Participant action results in an immediate, direct 

response. This is a simple, direct model of interaction; namely the ‘action-reaction’ model 
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where “the system responds directly to audience action, at the time of that action, and so is 

directly reactive” (Edmonds, to appear, 201 la). Cornock and Edmonds (1973:13) caution that 

while “this system can be very rich... the speed with which the participant may exhaust the set 

of possibilities means that the result could lack substantial interest or value. ” 

Dynamic-Interactive (Varying): This type of system includes a modifying agent which changes 

the system specifications, rendering the work unpredictable. The modifying agent may be the 

artist and done manually or using a software agent. A ‘learning video construct’ is a type of the 

latter and described as where a generative system “evolves in response to the interpretation of 

participant interaction with the work by a software agent ” (Edmonds, Turner and Candy, 

2004:14).

Dynamic-Interactive (Influencing): In this type of system the interaction can have a broader 

reach in terms of affecting the work and in terms of the system response. Thus the interaction 

can be seen as having an influence. Edmonds gives an example of a temporal delay in the 

response of the work, as in his series of Shaping Form art systems (Edmonds, 2007) which are 

“generative works that are changed by the influence of the environment around them ” 

(Edmonds, to appear, 201 la).

Dynamic-Interactive (Communicating): This type of work facilitates communication between 

multiple participants. For example in Cities Tango (Edmonds, 2009) “two or more ‘nodes ’ 

consisting of Shaping Form like works with camera input are connected over the internet ” Still 

photographs and occasional live stills were combined with coloured bars to be transmitted from 

one location to the other.

Cities Tango is also a composite of two other forms of interaction that is, it “can involve instant 

response and/or communication as well as long term influence in the Shaping Form sense ” 

(Edmonds, to appear, 201 la).

The structure of interaction and interactive art are still in their infancy, but this classification of 

art has organised it in terms of different aspects of interactivity and participation. The remainder 

of this chapter considers other theories on interaction as well as some of the technologies that 

facilitate interaction in art.

2.3.C THEORIES RELATING TO INTERACTION

This section describes other theories that relate to interaction. Mostly these research 

perspectives are from outside the realm of interactive art. It is necessary to draw on literature 

outside interactive art because, firstly, interactive art is still in its infancy and still being defined, 

mapped out and understood. Secondly, interactive art draws on a range of areas - for example 

theory and aesthetics, design and technology.

Firstly, the notion of tactility is a key aspect of interactive art: “the idea of interactive art is 

intimately linked with touching” (Huhtamo, 2007:71). Huhtamo’s theory accords with the 
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commonly held distinction between interactive art and traditional art: where with the latter you 

can ‘look but don’t touch’.

Many of the interactions described earlier (s2.3.A) are physically tactile while others relate to 

tactility through another (visual) sense. For example, Paik physically touches the televisions in 

his performance, Verbarium participants physically touch keyboards and in The Surprising 

Spiral, participants touch the faux book of the sculptural interface. Others works are less 

obviously tactile; for example having one’s movement mediated by a video camera in Weibel’s 

Observation of the Observation: Uncertainty. Huhtamo argues that visually mediated movement 

can be considered tactile where tactility is a process involving touch and vision being transposed 

(Huhtamo, 2007:73-74).

Tactility in interaction has implications for researchers and practitioners. Specifically, 

interaction can be understood in terms of different types of touch (for example, caressing and 

hitting touches) and response (for example, visual-aural feedback, where tactility is only 

implied; and real touch feedback) (Huhtamo, 2007:87-89). Touch response or feedback that is 

real (and not through the interplay of visual and touch senses) is also differentiated in another 

community - the virtual reality domain. This is as either active haptic or passive haptic 

feedback. An example of an active haptic interface is the Phantom robotic arm, a virtual reality 

technology device capable of providing force feedback that corresponds to the computer 

generated response, in real-time (for example, see the Wound debridement simulator, s4.5). An 

example of a passive haptic interface is the sand interface used for this PBR effort (see Glass 

Pond s5.3.B and +-now, s5.5.B). This sand interface does not constitute an actively rendered 

output but rather a passive (haptic) display. The notion of tactility in art is highly relevant to this 

research, given this tangible nature of the PBR artworks. It also ties in with other interaction- 

related literature, reviewed later in this chapter. For example, Gibson’s theory of affordances 

also informs an understanding of tactility, because touching is also determined by a person’s 

perception of the material (see s2.3.H). Another example is Augmented Reality technology 

(s2.3.F), which can support visual-aural feedback or Tangible Computing technology (s2.3.G), 

which endeavours to support tactility directly (as used in this PBR effort). This literature is 

discussed later in this chapter. Firstly, however some other theories on interaction are reviewed.

Research into interaction and interactive art has also revealed perspectives in related domains. 

For example, media theorist Lev Manovich touches on interaction in his book The Language of 

New Media. He describes new media in terms of the digital space metaphor, the construction of 

reality, and so on; drawing heavily on traditional media such as cinema in both contextualising 

and understanding the new forms. The discussion of interactivity and the form of interaction are 

however, limited. For example, in his summary of interactivity he essentially reduces interaction 

to exercising choice:
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“New media is interactive. In contrast to old media where the order of 

presentation is fixed, the user can now interact with a media object. In the 

process of interaction the user can choose which elements to display or which 

paths to follow, thus generating a unique work. ’’(Manovich, 2001:55)

This view correlates to Feinman’s ‘Vending machine’ form of interaction, described earlier 

(s2.3.A).

Later in the text Manovich distinguishes two key forms of new media, which he describes as 

narrative and database (Manovich, 2001:284). Narrative is typically linear and causal and as a 

result pre-determined. On the other hand the database form is concerned with specific objects in 

a list and typically understood as finite rather than inexhaustible (2001). The description appears 

restrictive and does not readily accommodate emergence, generative or open-ended interactions. 

The proposed forms of narrative and database are, like the description of interactivity as a 

function of choice, limited in scope. They do not convey any subtleties in terms of experience, 

behaviour or action and they do not convey possibilities for communication, influence or 

variance (as in the taxonomy above). In terms of Edmonds’ taxonomy of interactive art and 

interaction, Manovich’s description of interaction appears to be consistent with the Dynamic- 

Interactive (Responding) class described above.

A similar difficulty exists with another theoretical viewpoint. This is Richard Coyne’s two 

approaches to virtual environment design which also do not reveal much about the structure of 

interaction (Coyne, 1997). Coyne differentiates between two types of virtual reality 

environments: data-oriented and Constructivist. The former prevalent form relies on large 

amounts of data to model a photorealistic, perspective-based version of reality. It is exemplified 

by much of the visualisation work that occurs in the fully immersive, stereoscopic ‘CAVE’ 

environments. It reflects a single, characteristically Western view of the world. While the 

Constructivist method (drawing on perception theorist Gibson) considers reality as an active 

construction between a viewer and the world; the data-oriented perspective considers only this 

one model. The data-oriented method does not support multiple interpretations such as those of 

different cultures. Through its emphasis on perception the Constructivist approach 

acknowledges the role interpretation plays. As such it is inclusive of the types of interactions 

described above, as well as the perceptually emergent interactions that fall within the 2A class 

of the proposed taxonomy. It does not however assist in developing a deeper understanding of 

these and other types of interaction.
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2.3.D OPEN INTERACTION

Open interaction is a large body of research that consists of both theoretical and practical 

efforts. Both are described here. This section is followed by another, practically oriented 

discussion. That is the description of technologies and interface design as these relate to 

interactive art.

Open interaction has been described as early as 1911 in H.G. Wells’ Floor Games. Openness 

has since been investigated in the visual arts. It was coined as a term by Umberto Eco in 1962. It 

has also been briefly and recently pursued in interaction design and interactive art. These efforts 

are now reviewed in more detail.

Firstly, the 1911 publication of Floor Games by H.G. Wells is a story written for his sons and 

about their games. This story describes game structures and interactions which are open. For 

example he describes their collective disdain for certain toys “...we despise those foolish, 

expensive, made-up wooden and pasteboard castles that are sold in shops - playing with them 

is like playing with somebody else’s dead game in a state of rigor mortis. ” Simple blocks of 

timber are preferred given they afford “ ...an infinitude of imaginative games” (Wells, 1911).

More definitive is Umberto Eco’s 1962 description of the open 'work in movement’ (Eco, 

1962). This is considered unfinished, indeterminate and potentially inexhaustible given the large 

field of possible solutions it can afford. In this respect it is open. These works invite a 

participant or performer to complete the work. For example, a musical composition by 

Stockhausen is considered unfinished until a performer acts creatively to effect an ‘oriented 

insertion’ and thus complete it. The conclusion of this performance is not as predictable as a 

Bach fugue whose score is far more determinant, or prescriptive of its performance. Another 

distinction between these works is the relative inexhaustibility of the former piece. Here 

“...eachperformance explains the work but does not exhaust it” (Eco, 1962).

In addition to completing the work, this participant interaction is also considered to act 

creatively in ‘completing’ the work. In this sense they can be seen to collaborate with the artist 

or author. The result is one of many possible outcomes and this defines the open work as 

inexhaustible and unpredictable. For example during interaction with The Sims computer game, 

the player can interact with a virtual family of agents that will develop different aspects and 

behaviours as interaction between and with them differs (Wright, 1999). On the other hand, 

navigating an intranet website or virtual world and progressing through a series of game levels 

as described above, are typically closed interactions.

Open design has received little interest from the interaction design community which locates 

interaction in the service of productivity and efficiency. Here the priority is on maximising ease 

of use and clarity of purpose (Edmonds, 1995). The result is designing for a single, specific 
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interpretation (Gaver and Martin, 2000). In its elimination of uncertainty and ambiguity this 

approach excludes the creation of openness.

The creation of ambiguous, open interaction designs has, however, been pursued by Gaver and 

his collaborators (Gaver, Beaver and Benford, 2003). Their focus on play has led them to 

develop open interactive appliances and conceptual designs. For example, the Dawn Chorus 

intelligent bird feeder design proposes to “teach local songbirds the owner’s favourite songs” 

(Gaver and Martin, 2000:2). Other research from this group has classified types of interpretation 

investigations as well as describing methods for evaluating it (Sengers and Gaver, 2006). This 

taxonomy includes interpretation that varies over time; interpretation that varies in quality; and 

simultaneous occurrence of many different interpretations. Here interpretation is the process of 

assigning meaning. By designing objects of ambiguous use, for example, more than one 

meaning can be interpreted.

2.3.E EMERGENCE AND OPENNESS IN INTERACTION

Emergence is another method by which multiple interpretations, or openness can be afforded in 

an interactive design. This is exemplified in the work of artificial life (AL) artists Christa 

Sommerer and Laurent Mignonneau. It has also been described in computer game structures. 

This section discusses the convergence of emergence and openness.

Christa Sommerer and Laurent Mignonneau characterise their approach to interaction design 

(and the opportunity of AL interactive art) as “ continuously evolving levels of experience” for 

example, involving the discovery of unexpected new paths for the participant rather than 

“choosing between a variety of different choices and paths” (Sommerer and Mignonneau, 

1998:150). Their approach is based on the metaphor of simulating life, that is, artificial life. For 

example in their 1997 interactive art system Life Spades participants influence the evolution 

and emergence of visual forms (Sommerer and Mignonneau, 1998). This is an online work and 

it takes textual input to create these visual forms. These forms are ‘virtual creatures’ which are 

defined by artificial life algorithms. Specifically, a text-to-form editor creates visual forms from 

email messages. The ‘birthed’ creatures are then also able to clone or reproduce. The artists 

describe the work as a an “evolutionary communication and interaction environment that 

allows remotely located visitors to interact with one another in a shared virtual environment ” 

(Sommerer and Mignonneau, 1998:157). In this sense it qualifies as a Dynamic Interactive 

(Communicating) work, following Edmonds’ taxonomy above. It is also an emergent interactive 

art system. Specifically, in its referencing of physical natural life processes to evolve new 

creatures it is a form of Referenced, intrinsic, physical emergence.

The work is also explicitly open. Nothing is predefined: the work needs to be experienced and 

completed by participants in order for it to exist. It is different to closed structures of interaction

43



such as choosing options from a finite list, navigating a predetermined set of paths or as 

described by Sommerer and Mignonneau “a pre-defined multiple choice interaction” 

(Sommerer and Mignonneau, 1998:158).

Another perspective of open and emergent interaction is given by theorist Jesper Juul. He 

classifies computer games as either having a progressive or an emergent structure (2002). He 

describes emergent structures as “where a number of simple rules combine to form interesting 

variation” while progression is where “separate challenges are presented serially”. Emergent 

games are the older game form and include most card and board games and all strategy games. 

Progressive games are a newer form of game that corresponds to the adventure genre. The 

player progresses through the game by meeting a series of challenges: “In progression games, 

the player has to perform a predefined set of actions in order to complete the game ”.

Progressive structures correlate to closed systems and the emergent structures correlate to open 

systems. The progressive game is closed because as the player progress through the game, each 

challenge that is presented is completed with their options and solutions explicitly defined. The 

computer game with a low replay value is typically progressive and closed because it is often 

exhausted during play, with nothing left to engage the player. Conversely a computer game with 

a high replay value is typically emergent and open because of the abundance of potential games 

that can manifest at each playful encounter. For Juul, emergence implies the ability for 

strategies to surface and for the game-space to extend beyond the rules. For example, Poker is 

an emergent game where the game play extends beyond the rules by including the emergent 

behaviour of “bluffing”.

Emergent game structures can facilitate any of the Varying, Influencing or Communicating 

interaction systems listed above, or they may require an additional category - this depends on 

the actual participant behaviour that is designed into the system. The progressive structure is 

not, however, as flexible. It cannot sustain any of these other forms of interaction and only 

corresponds to action-reaction model of interaction that is within the Dynamic-Interactive 

(Responding) class.

Juufs discussion of open emergent game structures has also described an aspect of participant 

experience. This is the ‘replay’ value of the game. He considers that within the more explicitly 

controlled and predefined structures, or closed games, there is limited interaction potential, or 

‘replay’ value. On the other hand the game structures that are not as explicitly pre-defined and 

instead have opportunities for improvisation during the game play, in ways which may not be 

anticipated by the author, are considered ‘open’. As a result open and emergent structures will 

have more opportunities for interaction, making them more likely to have higher ‘replay’ value.
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This gaming concept of replay describes the interest the gamer has in returning to the game and 

playing it again. It corresponds to Edmonds, Muller and Connell’s ‘relating’ descriptor of 

participant experience. It would therefore appear that emergent structures in interactive art are 

also able to support the development of long term interaction relationships, that is, of ‘relating’ 

experiences.

Emergence naturally supports openness in that it supports ambiguity and the act of 

interpretation; and interpretation implies multiple possibilities - a quality of open systems. 

Emergence and openness also share qualities of creativity (of closing the open work and of the 

creation of something new) and unpredictability (in the final solution or emergent form). By 

contrast, ‘closed’ interactions are predetermined, repeatable, with a finite set of possibilities.

It may be argued that any interactive application will tend to be more open than works in media 

that do not rely on a participant for completion, such as a medieval painting; since to some 

extent the participant makes the work along with the author. However a range of openness 

across interactive designs can also be found. Thus some interactive works such as ones based on 

hypermedia which are finite in their construction and data, are also exhaustible and with a 

smaller field of possibilities than others. Within computer games these may be characterised as 

being based on progressive structures (Juul, 2002). On the other hand, where the participant has 

the opportunity to find their own way to move through actions or images (for example instead of 

stepping through predefined sequence of challenges) a greater field of possible forms, 

behaviours, etc. are available to them. Thus when a participant navigates a three-dimensional 

virtual environment they have some freedom to roam around while the system interpolate 

imagery following this exploration; or when a participant’s interaction spontaneously generates 

new forms, as in Life Spades, there is an even greater degree of openness possible.

This section has drawn on art and gaming research to show how emergence, openness and 

interaction converge. However, overall there has not been much work done in exploring 

emergence in interactive art or in interaction generally. For this reason the views of gaming 

theorist Juul have been reviewed: while the above discussion does not relate directly to art, it 

does provide insight into emergent interaction, a critical part of this research. For example, 

comparing art and gaming research reveals potential implications of emergent interactions for 

participant experience of art systems: the facilitation officiating’ behaviours. Juul’s insights are 

therefore highly relevant to understanding emergence in interactive art.

The rest of this chapter describes the use of technologies and materials relevant to interactive art 

and in, particular, the interactive art systems +-now and Glass Pond.
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2.3.F AUGMENTED REALITY (AR)

Augmented reality (AR) is a computer display technology. It is predominantly used in visual 

systems but audio may also be augmented. An early survey of AR technology defined it as a 

variation of a virtual environment where three-dimensional (3D) virtual objects are integrated 

into a 3D real environmental in real time (Azuma, 1997). Azuma has since updated and 

complemented this survey by focusing on technological advancements and applications in the 

field since its writing. This later effort offers a more bounded definition of AR, in terns of three 

criteria:

The combination of real and virtual objects in a real environment 

The virtual objects are created interactively and in real-time and

The virtual objects register with the real environment (Azuma, Baillot, Behringer, Feiner, Julier 

and MacIntyre, 2001).

As implied by the above definition, the creation of an AR system relies on tracking the real 

environment in order to combine and register the virtual objects. It also necessitates real-time 

generation of those virtual objects and finally their display.

Tracking is used to determine the position, rotation and sometimes acceleration of the user, in 

real time. Different tracking technologies exist and are used in a range of virtual environments 

including AR. For example the commercially available Polhemus tracking system which relies 

disturbances in magnetic fields, optical tracking systems using cameras to detect changes in 

light level, as was used in my interactive art systems Glass Pond and +-now (described in 

chapter 5) or mechanical tracking systems where the participant moves a mechanical device 

such as a tethered computer mouse or the articulated mechanical arm used in the Wound 

Debridement application (described in s4.5).

The real time generation of objects draws on real time computer graphics research. It constitutes 

either simply an image of the virtual object or else it constitutes a composite image of both the 

virtual object and a video image of the real world. Computer graphics research is used in AR as 

well as other virtual environment applications, art, film and computer gaming. For real-time 

applications it is typically programmed using either Open GL or Direct X graphics libraries. 

Commercial software for 3D graphics such as Virtools and Derivative are also available. The 

Derivative Touch software was used to create the interactive art systems of this PBR effort 

(Hermanovic and Bairos, 2000).

Displays for augmented reality can be achieved through a range of devices. These include head 

mounted displays (HMD). These are typically heavy, cumbersome devices that place an image 

in front of each eye. Another example is the Reach In mirror device used by the Wound 

Debridement surgical simulator (s4.5). This device registers the virtual image with the
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participants hand by reflecting it on a see-through mirror that is suspended above the hand 

interaction. This is illustrated in Figure 14. A last example of AR display design is direct 

projection onto the surface. An example of this is my interactive art system +-now (s5.5).

Augmented reality technology is applied to a number of applications. Two areas have been 

mentioned - arts and medicine (+-now and the Wound Debridement Simulator). Another 

application area is tourism and exemplified in the ‘Smartscreen’ project (Billinghurst, Grasset, 

Green and Haller, 2005). This is a large, interactive touch screen that provides a variety of 

information about New Zealand to multiple users simultaneously. It uses infrared lights and a 

camera to track hand positions. The system was installed at World Expo in Japan with a 

turnover in excess of 4000 users per day. It exemplifies a collaborative environment that 

supports gestural (hand) input. This work is an example of “Tangible” AR; that is it combines 

AR with Tangible Computing. Tangible Computing is now discussed.

2.3.G TANGIBLE COMPUTING (TC)

Tangible Computing (TC) is a concept first proposed by MIT’s head of Tangible Media, Hiroshi 

Ishii and Brygg Ullmer. Ishii describes their vision as creating" ...seamless interfaces between 

humans, digital information and the physical environment by giving physical form to digital 

information, making bits directly manipulable and perceptible.." As will be explained, one of 

the key research aims of TC is to make these information bits ‘tangible’ such that they could be 

‘grasped and manipulated’ (Ishii and Ullmer, 1997).

Their motivation for TC is two fold. Firstly, the rich languages, cultures and design of 

instruments, physical objects and architecture, informed by haptic interaction with real physical 

objects and evolved throughout our history, have been lost to the homogenous, abstracted and 

relatively young computer. They aim to re-integrate these objects and their physical richness 

into HCI and our lives.

Secondly the authors argue that HCI research has prioritized the visual and GUI interfaces, as 

well as applications which require focused, immediate and foreground attention. However we 

process information in other ways as well and these areas are not being addressed in the HCI 

community. These areas are haptic interaction, real-world spatial manipulation as well as on the 

processing of events on the periphery of our perception. The rich physical relationships that we 

have with objects and our environment in the everyday have been ignored within HCI research. 

Instead it has focused too narrowly on information processing for direct, foreground attention.

TC is proposed to address these issues by reinstating the objects of great ‘affordance’. This is to 

be achieved through three research aims: (a) developing interactive surfaces between physical 

and virtual worlds, (b) seamlessly integrating physical objects and digital information and (c) 

creating ‘ambient media’ for peripheral information processing to address the human capability 
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to process background information. For example, physical objects and active surfaces could be 

combined to investigate background information presentation.

The emphasis on affordances is a key difference between TC and other computing approaches 

that mediate between physical and virtual realities, such as AR. That is, TC focuses on using 

existing ‘richly afforded’ physical objects rather than making computers ubiquitous (as is the 

case with PDA’s, tablets and mobile phones that still use Graphical User Interfaces). Another 

difference is the concept of‘ambient media'.

Examples of TC include the Marble answering machine (Bishop 1995). This is a prototype 

answering machine that represents a message as a marble, seamlessly providing physical access 

to the information of the voicemail. In this system, voicemail messages are represented by a 

marble and it is retrieved by dropping the (dispensed) marble into a dish. Another example is 

Sticky Traffic (Seevinck, 2003a) (see s4.3). This installation artwork responds and contrasts 

movement in the environment. It combines indoor pedestrian movement with external street 

traffic into a composite image that can be interpreted as a narrative. This work explores notions 

of personal and public spaces.

Another example of an ambient media work is Dunne et al.’s Fields and Thresholds: Benches 

(1994). In this work a region on one bench is heated up when that same position is occupied on 

another bench. The work also provides a shared audio space. This ambient media work explores 

notions of telematic spaces. It corresponds to Edmonds classification of Dynamic Interactive 

(Communicating) artworks.

A TC work that exemplifies affordances and graspable media is MetaDESK (Ishii and Ullmer, 

1997). This design is unique in its physical manifestation of GUI elements (for example 

window s, icons, handles) for interaction with the active surface of the desk. It aims to both push 

the virtual GUI into the physical real world and pull the physically rich reality across to the 

virtual.

It consists of six primary elements, as follows:

(1) The desk, constituting a touch screen

(2) The activeLENS, a metaphorical GUI ‘window’ which is made up of an LCD mounted on an 

articulated mechanical arm to provides an alternate (magnified) view of the data on the desk

(3) The passiveLENS, a passive optically transparent Tens’ that also renders a different data 

view on the desktop and

(4) Phicons. These are physical recreations of icons. They operate both as icon data for that 

iconic representation and as an interfacing device/handle to other data (for example dome 

building and the 2D & 3D site maps that respond to its transformations)

(5) Physical instruments
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(6) The optical, mechanical and magnetic sensors for (4) and (5)

This configuration has been utilized in Tangible Geospace a topographic application where 

phicons of MIT landmark buildings can be placed on and moved around the desktop, creating 

2D maps on its surface. Manipulating the activeLens provides navigation of the 3D space 

around the building/object. This results in 3 spaces of interaction: that of the phicon', the 2D 

map on the desktop and the 3D views through the lens. Adding a second phicon constrains the 

active desktop and lens information, while providing more opportunities: the map can be scaled, 

rotated and translated by working one phicon (building icon) relative to another. Two hands or 

two collaborating users may be used. In this application the passiveLENS device permits 

rendering a ‘window’ of temporally or spatially (future, detailed) different information.

Related to the MetaDesk application and also from MIT Tangible Media lab are two other 

design applications that rely on topographical metaphors or application areas. These are 

Illuminating Clay and Sandscape (Ishii, Ratti, Piper and Wang, 2004).

Illuminating Clay and Sandscape are two TUIs that, at that time, defined the category of 

continuous TUIs. Continuous TUIs are defined as using "the 3D surface of a continuous 

workspace as input and output. " (Ishii, Ratti, Piper and Wang, 2004:295). The two applications 

are very similar. Both are design tools for landscape architecture, aimed to mediate between 

early design stages of rapid ideation and form giving which is typically served by physical 

models, and the highly specific final design stages that typically use computer based models. 

Thus the applications "integrate exploratory form giving and computational analysis into a 

single process" This is consistent with the broader aim of TUIs to "give physical form to digital 

information and computation" (Ishii, Ratti, Piper and Wang, 2004:297, 296). This is 

accomplished by employing the affordances of the physical materials and combining this with 

real-time graphics feedback. Thus the application supports activities like digital sculpting and 

benefits from the ability to intuitively explore spatial relationships with one’s hands.

Illuminating Clay constitutes a table top covered with a clay surface and with a projected image 

shining on it. A wall image located to the side shows related imagery, such as a perspective 

view of the ‘plan’ view that is projected on the clay surface. A laser scanner is located above the 

table and used to digitise the surface of the clay. The scanner was modified for continuous 

scanning and the result is it runs at almost real-time. Its fidelity is less than 1mm error and it 

registers any opaque non-reflective material, meaning that the designer’s hands, cardboard, 

plastic, foam, paper etc can also be used for modelling/scanning. A projector above the sand 

surface and projects the image back down. The data collected is translated into a elevation 

model data for a GIS format. In one instance it is used to pull that GIS terrain data of that 

location and project it, like a texture, back on the clay surface in real time. It is also projected on 

a perspective render of the model which is shown on an accompanying wall screen image. This 
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perspective image is at eye level and provides a perspective view of the design space. The 

illuminating Clay app is , given the scanner, quite expensive. A lower cost, lower-fi version was 

developed. This is the Sandscape work.

The same set up is used in Sandscape, however here small glass beads (1mm diameter) are used 

instead of clay. Below these glass beads is an array of 600 high powered IR LEDS. A 

monochrome IR camera is used to detect the surface deformation by capturing the intensity of 

the light passing through the beads. It is less accurate but faster than the laser scanner used in 

Illuminating Clay as well as being much more affordable.

The projection of imagery in real time on these TUIs classifies them as AR works in addition to 

being TUIs. The added capabilities that these virtual images can adde include rendering virtual 

shadows for the physical objects on the physical and virtual landscape to get aspect information 

and calculating and rendering water flow and land erosion.

2.3.H AFFORDANCES

The affordances of objects, surfaces, materials, etc. in an animal or actor’s environment are all 

the actions that those objects can support for that actor. (Gibson, 1977, , 1979). This theory of 

affordances is located in the context of an integrated relationship between an animal / actor and 

their environment. These perceived qualities of the objects are independent of an actor’s 

awareness of them. They are however relative to that actor: that is, the affordances of a berry 

could be food for an insect but poison for an animal.

Gibson also argues that when we perceive qualities of objects in our environment, what we 

actually perceive is the affordances of those objects. This is instead of viewing those objects as 

composed of the qualities (Gibson, 1979:134).

More recently Don Norman has applied the concept of affordances to design. This has been 

useful for the design and HCI communities since it helps us to understand the implications of 

our design decisions. (Norman, 2002).

2.3.1 REVIEW OF SAND

This section provides a description of the qualities of sand, particularly as it relates to the 

interactive artworks Glass Pond and +-now.

Sand is familiar at the beach and in sand pits for child’s play. Since 1929 it has also been used 

for non-verbal psychotherapy. This is through the ‘World Technique’ credited to British 

Paediatrician and child psychiatrist Margaret Lowenfeld (Turner, 2004). This technique 

involves providing a client with miniature figures and small objects in a sand tray in order that 

they may “set up the world according to their inner state ” (Kalff, 1991). It is a means of 

gaining access to the client’s unconscious mind as directed by Jungian psychology (Kalff,
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1991). Lowenfeld is said to have reflected on her reading of Floor Games (Wells, 1911) and to 

have subsequently been inspired to develop this technique (Turner, 2004).

Floor Games was reviewed in s2.3.D. As discussed Wells’ game interactions are open. And like 

the simple blocks in Floor Games, sand is a versatile material that can be used in many ways. 

That is, sand can also be described as open.

Where sand is used in interaction it may be considered a continuous tangible user interface. This 

has been described above in relation to the similar material of glass beads that is used in the 

Sandscape application s2.3.G.

Other qualities of sand are that it is familiar to most people and has associations such as the 

beach and childhood. The tactile sensation one can get from sand is also quite unique - it can 

flow, cover and slip through your hands. It can deform to simultaneously cover the front and 

back of your hand. This description of sand starts to infer its affordances.

Finally, the affordances of sand are drawing, pouring, throwing, sprinkling and modelling, and 

printing. Many of these affordances became evident during the participant studies; for example 

see the modelling codes in Table 11 which relate directly to this list of affordances.

The last affordance, ‘printing’ is worth reflecting on at this point. It is an affordance that 

includes a sense of time. That is through the footprints or traces one can leave behind in the 

sand. This particular affordance amplifies the conceptual structure of +-now. That is, in +-now 

the participant leaves traces of themselves behind in both sand and image. In particular, they are 

able to interact with this history of their gestures, juxtaposing past and current gestures and 

images to create dynamic, temporal compositions. This has been described in Seevinck and 

Seevinck and Edmonds (2010,, 2008).

2.4 CONCLUSION
This chapter has reviewed the literature surrounding the research topic. It has covered 

emergence literature from complexity theory, physics, Gestalt theory and design research and 

art. In particular the concern is with emergence in the context of, and in the service of, 

interactive art. The following definition has been proposed: “Emergence is when a new form or 

concept appears that was not directly implied by the context from which it arose. This emergent 

‘whole ’ is more than a simple sum of its parts. ”

The chapter has been organised into roughly two halves. The first half has dealt with emergence 

literature. It begins with a historical review and discussion of the concepts of emergence. The 

taxonomy is then proposed. The second half of the chapter deals with interactive art. It reviews 

several theories that relating to the structure of interactive art or interaction. The discussion then
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turns to enabling technologies and materials; namely augmented reality, tangible computing, 

affordances and sand.

The taxonomy of emergence in interactive art (s2.2.B) is a knowledge outcome from this thesis. 

It, and definition of emergence restated above, correspond to the first research aim stated in 

chapter 1.

It is worth pointing out at this stage how the taxonomy might be applied by other practitioners: 

the taxonomy facilitates drawing on different emergent literature for different types of emergent 

experiences. Thus for example, where the practitioner is interested in facilitating perceptual 

emergence, this can be achieved through facilitating the interpretation of emergent shapes 

(s2.2.C.2). Another example is the potential for perceptual emergence to come from the creation 

of natural systems for emergence. For example, the perception of the ‘V’ shape that 

characterises a flock of snow geese in flight is an example of physical emergence, as described 

in s2.2.A.4, since this instance can also facilitate perceptual emergence in an observer or 

participant. Thus the taxonomy can be of service to interaction designers by guiding their 

selection and awareness of the different types of emergence that can be created and the various 

bodies of research that can be used towards this end.

Finally, this theoretical research has informed the creation (chapter 5) and evaluation (s6.4.B) of 

interactive artworks as well as insights for practice and design (chapter 8). As stated, it has also 

included a knowledge outcome that is the taxonomy of emergence in interactive art (s2.2.B), 

intended for the use of other practitioners and researchers working in the area of interactive art. 

While this taxonomy reveals areas for exploring emergence in interactive art, this literature 

review has also addressed the areas surrounding emergence in order to increase our 

understanding of this new domain.
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3 METHODOLOGY
3.1 INTRODUCTION
This research aims to increase our understanding of emergent interactive art systems. This aim 

has involved the creation and evaluation of emergent interactive art systems; activities that were 

guided by a Practice-based research (PBR) approach. This chapter describes PBR both generally 

to explain the methodology and specifically to detail those methods and methodologies specific 

to this thesis. Firstly however my epistemological position is reviewed.

The Oxford English Dictionary defines epistemology as that branch of philosophy concerned 

with knowledge and particularly concerned with its methods, scope and validity (Oxford 

Dictionaries, 2010a). Thus the epistemological position of a research effort is the philosophical 

stance of the methodologies used to conduct that research. Furthermore, the epistemological 

position is reflected in the choice in methods and the knowledge outcomes from the research. 

Here I follow a Constructivist epistemology. A Constructivist position maintains that 

knowledge is partially constructed by us through our understanding and interpretations of the 

world. That is, our cognitive faculties play “some role in “making ” the objects or facts in the 

area in question” (Sidelle, 1996:474). This emphasis on subjective experience resonates with 

my research aims. This is because my research aims to investigate participant experience and 

perceptual emergence, both subjectively interpreted qualities.

Other predominant approaches to knowledge such as Positivism would not be able to address 

my research aims. The Positivist position holds that the world is objectively knowable, that is, 

knowable independently of our thoughts or ideas. This view is problematic to the social sciences 

because its exclusive focus on observable and measurable evidence avoids considering many 

issues such as thought processes and the construction of experience (Trochim, 2006).

The Reflective Practice (Schon, 1983) and Grounded theory (Glaser and Strauss, 1967) 

methodologies used in this thesis are consistent with the Constructivist premise that knowledge 

is constructed. In Reflection-in-action the practitioner’s critical reflection on their practice relies 

on their interpretation of their practice. As such it is constructed by the practitioner. Similarly a 

participant’s experience of an artwork relies on their perception of the artwork and as such it is 

constructed. Grounded theory methodology also acknowledges the interpretive, constructive 

role we play in creating knowledge. In Grounded Theory, the theory that is generated from the 

data relies on the researcher’s interpretation of that data. As such it is partially constructed by 

the researcher.
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In addition to their Constructivist orientation, Grounded Theory methods also suit my research 

since it requires an open-ended approach, and Grounded Theory methods are open-ended. That 

is, the bottom-up approach to ‘discovering’ theory in the data is inherently open-ended. Using 

Grounded Theory methods is more unpredictable and open to what the data suggests than, for 

example, testing a clearly defined hypothesis (See S3.2.C.3 for more discussion of Grounded 

Theory methods.) This is a significant issue when the research aim is literally to find emergent 

traits in the data. (Since emergence is unpredictable, open, this requires an open-ended 

approach; see also s2.2.A.10, s2.3.E for discussions about the open-ness and emergence). Thus 

Grounded Theory methods afford both an open-ended interpretation of the data and open-ended 

participant interaction with the artworks. This is distinctive from two other Constructivist 

techniques: Discourse Analysis and Activity Theory, respectively.

Essentially, Discourse Analysis benefits researching situations with a semiotic aspect (Gee, 

1999:82). As van Dijk concedes, "since discourse is first of all a form of language use, it goes 

without saying that linguistic methods of analysis have played a predominant role in the study 

of text and talk" (van Dijk, 1985:1). This focus limits its relevance to my PBR effort. This is 

because the participant interactions would be viewed through the lens of a linguistic, semiotic 

framework. Given that interaction with this thesis artworks is not limited to verbal or signed 

communications, Discourse Analysis therefore has the potential to limit the range of 

interpretations of the data.

Activity Theory is another method that would also limit investigation, but in a different way. 

Activity Theory is based around (human) activity, something that is driven by people’s needs 

and purposes. This activity is conceived of as inherently goal-oriented and “... usually mediated 

by one or more instruments or tools” (Bannon and Bodker, 1991). This concern with tools and 

their use is integral to Activity Theory. Its emphasis on purposeful activity, goals and their 

mediation through artifacts makes Activity Theory very relevant to HCI researchers who 

similarly prioritise usefulness in the artefacts they design. However, while it may resonate with 

some interaction designers, art is not a tool, and this focus marginalizes art. Furthermore, as 

mentioned earlier, the audience in these interactive artworks is not a user because there is 

nothing being used here (sl.l.A, s2.3.A). Its potential to constrain participant interaction with 

an artwork makes it unsuitable to this PBR effort.

These implicit assumptions - about the nature of the artifact and interaction being studied - 

marginalize art, open-ended participation and the emergence of surprisingly new and emergent 

activities; all of which are key to this research. Conversely, the bottom-up approach of 

Grounded theory is less prescriptive, providing artwork, audience and activity more room for 

varied outcomes and interpretations. In this sense it is a more open methodology that resonates 

more clearly with my research aims concerned with investigating the experience of emergence. 
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My pursuit of practitioner reflection knowledge involved the methods associated with 

Reflection-in-action and Iterative design (s3.2.B). My pursuit of theories and understanding of 

participant experience of emergence has involved observation and interviewing methods of 

evaluation and Grounded theory methods (s3.2.C). A general explanation of the nature of PBR 

methodology and methods is given next, followed with details about my specific PBR approach 

(s3.2). In s3.3 my approach to PBR is discussed, in s3.4 the methods I chose to create the art 

systems are explained and in s3.5 the methods for evaluating interaction with the art system are 

explained. The actual implementation of these methods in this research project is discussed later 

(chapter 5 New Work and chapter 6 New Studies).

3.2 PRACTICE-BASED RESEARCH (PBR)
PBR has been described as "an original investigation undertaken in order to gain new 

knowledge partly by means of practice and the outcomes of that practice ” (Candy, 2006). In 

PBR methodology practice is central to research. For the artist following a PBR approach, 

practice involves the creation of artefacts, or artworks, such as drawings, musical compositions, 

performances and interactive art systems. The artefact is a key element to the PBR approach and 

its role is discussed below (s3.2.A). This emphasis on creating artefacts makes PBR highly 

suitable to artists conducting research and a key reason why I selected it (s3.3).

Practice and research have been described by Smith and Dean as mutually informing in an 

iterative way (2010). Thus research questions may surface from practice while this practice is 

also being informed by the outcomes from the research. Another description of the practice- 

research relationship frames it in terms of three elements. These are practice, theory and 

evaluation research. This framework of PBR was the result of a series of case studies by 

Edmonds and Candy (Edmonds and Candy, 2010). Their research involved interviewing 

creative practitioners who were pursuing doctoral research. The inclusion of evaluation research 

distinguishes the Edmonds and Candy view of PBR from Smith and Dean’s. It also makes it 

very relevant to this thesis since evaluation research is used here to create knowledge.

Two examples from the Edmonds and Candy study are now reviewed using their framework. 

Firstly, the creative practitioner Andrew Johnston used practice and theory to make virtual 

instruments for musicians and also evaluated interaction with these artefacts (Johnston, 2009). A 

diverse range of outcomes including a model of interaction, design strategies for creating virtual 

instruments and these artefacts themselves, resulted. Johnston used Action Research methods 

(for example, Lewin, 1946) for the design, development and evaluation of the artefacts and 

Grounded theory for the analysis of evaluation data, thereby drawing on and integrating 

practice, theory and evaluation research.
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A second example of a Practice-based researcher whose work was framed in terms of practice, 

theory and evaluation research is Brigid Costello. Costello’s doctoral research involved creating 

interactive art systems to investigate play (Costello, 2009). This practical component was 

complimented by theoretical research and evaluations of participant interaction with the 

artefacts. Costello’s PBR effort also resulted in a diverse set of outcomes ranging from design 

strategies for play and a framework classifying it, to the art systems themselves. Costello 

created the art systems through implementing a Design by Intention methodology and then 

evaluated participant interaction with them through the application of generic methods such as 

coding. Thus Costello’s approach can also be framed in terms of practice, theory and evaluation 

research.

Johnston and Costello are examples of creative practitioners using a PBR approach and the 

creation of artefacts to generate knowledge for a thesis. Other examples may be found in 

Edmonds and Candy (2010). In all of these cases the artefacts, whether virtual instruments or 

interactive art systems, are a part of the doctoral research submission. The submission of 

artefacts as a part of doctoral research is consistent with university guidelines at the University 

of Technology, Sydney. In this thesis the artefact is also a vital part of the submission given the 

different roles it plays in creating knowledge. These are now described.

3.2.A ROLE OF THE ARTEFACT

This section reviews the nature and role of the artefact within the research context with more 

detail. In particular, artefacts cannot be considered vehicles of knowledge in themselves. They 

can, however contribute to knowledge indirectly. These issues are now described further.

With regard to knowledge, the artwork cannot be considered a vehicle of knowledge in itself. 

This is due to ambiguity of art which precludes it from conveying knowledge directly 

(Scrivener, 2002). That is, if an artefact does not have a single meaning or interpretation it 

cannot be singularly representative of knowledge, it cannot be challenged and it cannot be 

verified. An artwork has multiple meanings and while a participant may experiment with one 

meaning and this experimentation may lead to the discovery of knowledge, the artwork itself 

does not convey knowledge the way a book or map does (Scrivener, 2002). The artwork can, 

however, convey knowledge indirectly in several ways.

Firstly, the processes of making and reflecting on the artwork can generate knowledge. It can 

raise questions in the artist’s mind and surface creative intuitions. Schon has described how 

practitioner knowledge is exercised through the methodology of Reflection-in-action, reviewed 

in s3.2.B.l. Secondly, the artworks can also be used to generate evidence from evaluation 

studies. These studies are of participant interaction with the art systems and they result in 

evidence that can support new understandings about participant experience. This evidence may
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also be more broadly applicable than reflections generated during practice. Another, third way 

in which the artwork-as-artefact can relate to research is as an example.

It is necessary to offer two qualifications at this juncture. Firstly, artworks are more than 

instruments or illustrations for the research. They have their own authority as aesthetic objects 

and can exist independently of the thesis. Thus whilst they benefit and facilitate the research and 

were created in tandem with it, they are able to operate outside the world of research and in the 

public domain. Furthermore, it could be argued that their authority as artworks actually lend the 

thesis authority within the creative arts domain. In short, the artworks increase the applicability 

and significance of the thesis to the creative arts and public domain.

Thus the artwork is vital to the thesis submission. It is ideally included in its entirety, but this is 

not always possible. For example, the form of the artwork may preclude duplication and 

transportation to multiple examiners. In this situation documentation is a viable alternative. This 

is the case here. The interactive art systems that were created for this thesis are large 

installations and, in addition to the expense of the technology and shipping involved, practical 

constraints such as set-up and sensor calibration prohibit their inclusion with the thesis 

submission. Thus documentation is included instead. This documentation consists of a textual 

description and video recordings on the accompanying DVD.

This brings up the second caveat which concerns the distinction between documentation of the 

artwork and the artwork itself. Specifically, the former is only an approximation of the latter. 

That is, full appreciation is only possible by interacting with the artwork directly. Similarly, 

while the textual description may be able to convey the significance and context of the claimed 

outcomes, “a full understanding can only be obtained with direct reference to the outcomes ” 

(Candy, 2006). In this context the ‘outcomes’ are the interactive art systems.

This section has discussed some issues surrounding the role of an artwork as an artefact for the 

creation of knowledge. These issues are reflected in the structure of the thesis, as follows. 

Firstly, the creation of the artworks is discussed in chapter 5. This includes the use of 

Reflection-in-action methods. The knowledge outcomes produced through this process of 

making the artefacts are presented in chapter 8. Secondly, the studies of interaction with the art 

systems are described in chapter 6 and the findings they generated are subsequently presented in 

chapter 7. Lastly, as discussed documentation of the artefacts and the participant experience of 

interaction with them form a significant part of this thesis; thus they are represented through the 

textual descriptions in chapter 5 and video documentation in the DVD.
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3.2. B METHODS FOR PRACTICE

The art systems were created through a PBR approach primarily methods drawn from 

Reflection-in-action and Iterative design. Each of these methods and their origins are 

subsequently reviewed. Their use is given later in this chapter in s3.4 and their actual 

implementation to create the art systems is explained in chapter 5 New Work.

3.2. B.1 Reflection-in-action
Reflection-in-action is when the practitioner thinks about what they are doing while they are 

doing it. Every day phrases such as ‘thinking on your feet’ or ‘learning by doing’ allude to 

Reflection-in-action (Schon, 1983). Schon uses case studies of professional practice to describe 

and illustrate Reflection-in-action. He argues it is a common approach to professional working 

practice which is little understood or acknowledged; and this ignorance and invisibility of 

reflective practice has affected the credibility of professional knowledge (Schon, 1983). He 

describes this as due to the increasingly unstable and uncertain work situations that 

professionals find themselves in; their inability to deal with these situations given the theories 

and knowledge they learn at university; the inability of those professionals who have the 

knowledge to deal with these situations to name or explain their knowledge and the absence of 

this knowledge from university curricula. Instead, the predominating model of knowledge is the 

‘technical rationality’ model. Schon describes it as “...the application of scientific theory and 

technique to the instrumental problems of practice” (Schon, 1983:30). It is a view of practice 

that limits it to testing hypotheses. Schon believes that the technical rationality model of 

knowledge does not equip professionals with adaptation skills to manage changing or unique 

situations. It also does not address the question of how a problem should be formulated in the 

first place. These limitations are, however, addressed by Reflection-in-action.

Reflection-in-action is rooted in the common sense concept of ‘know how’. Schon describes 

know how as tacit knowledge embodied in action where the action can’t be accurately or 

completely described (Schon, 1983:50). For example, a professional practitioner can perform 

their skills but may not be able to describe the rules or procedures they follow when exercising 

that skill. However, by reflecting on this knowing-in-action they exercise Reflection-in-action. 

For example, during practice the professional may ask themselves “what procedures am I 

enacting when I perform this skill?” Where this practice involves the construction of an artefact, 

the use of knowing-in-action methods means that the professional practitioner is drawing on 

their tacit knowledge and skill.

Schon has observed a range of behaviours of Reflection-in-action during his case studies of 

professional practitioners (Schon, 1983). Three of these behaviours are relevant to this research 

and subsequently described. Firstly, the framing behaviour describes how a practitioner
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constructs their view or understanding of a problem or situation. It is a way of setting the 

problem that enables a non-standard response to unique, unstable and uncertain situations. 

Framing therefore distinguishes Reflection-in-action from the technical rationality model 

because the latter relies on standard responses to problems. Framing is achieved by looking at 

the situation and trying to understand its characteristics. A new frame is created by drawing on 

the practitioner’s past experience because they know “ ...what to look for and how to respond 

to” it (Schon, 1983:60).

By drawing on the practitioner’s past experience, the process of framing draws on their 

repertoire. The practitioner’s repertoire is the accumulated history of their professional work. It 

includes "examples, images, understandings and actions ...expectations...techniques” (Schon, 

1983:60, 138). The repertoire forms the basis of the next 'move’, where a move is an interaction 

with the situation. Analogy and metaphor can be used to guide the selection of a move from 

one’s repertoire. That is, analogy and metaphor can be used to compare a situation in one’s 

repertoire to the current situation. Two things change throughout the process of framing: the 

practitioner develops understanding of the situation and the situation also changes. Newly 

framed understandings are tested by comparing the new frame against the situation and 

evaluating what possibilities and constraints it offers. This process is repeated until the 

practitioner assesses the new frame as being satisfactory.

Framing a situation necessitates studying it. When a situation has been reframed it has been 

changed. Studying the changes in that situation is listening to situation talk-back. That is, the 

situation can be understood to ‘talk back’ to the practitioner. Furthermore, situation talk-back 

affects the subsequent framing of a situation, implying a cycle of feedback: ” ...the practitioner's 

moves also produce unintended changes which give the situations new meanings. The situation 

talks back, the practitioner listens, and as he appreciates what he hears, he reframes the 

situation once again”. He describes this as a process that ”...spirals through appreciation, 

action and re-appreciation” (Schon, 1983:131-132)..

The feedback, spiral nature of Reflection-in-action affords a close fit with the methods of 

Iterative design as described later in the chapter (s3.3). Firstly however Iterative design methods 

are described.

3.2.B.2 Iterative software design
The interactive art systems are operational software and hardware systems whose creation has 

been informed by iterative software design methods. In iterative software design thq”...the 

development [is] an adaptive process” (Edmonds, 1974:215). That is, the final system is 

reached by iterating through stages of designing, implementing and testing (Boehm, 1986). One 

common approach to iterative software design is the Spiral model. It is credited to Barry Boehm
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and shown in Figure 5 (Boehm, 1986). As shown, the cycle starts with identifying the design 

objective, alternative implementation methods and any constraints to the development (quadrant 

1). Alternatives are evaluated, a process which often involves prototyping (quadrant 2). The 

selected alternative is then implemented and the process is reviewed (quadrant 3): “...each cycle 

is completed by a review involving the primary people or organisations concerned with the 

product ” (Boehm, 1986:26). This review informs the last stage of each cycle: planning the next 

iteration (quadrant 4).

Figure 5 Spiral model of the software process from Boehm (1986 p25).
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The emphasis on prototyping differentiates the spiral design process from other iterative 

software design processes. Beaudouin-Lafon and Mackay describe a prototype as ua concrete 

representation of part or all of the interactive system'’ (2003). Prototypes vary from being 

disposable where they are discarded after use; to being iterated where details or alternative 

designs are explored; to evolutionary where they are iteratively redesigned to evolve into the 

final product. "During each iteration re-specification, re-design, re-implementation and re

evaluation take place" (Edmonds, Candy, Slatter and Lunn, 1989:10). Edmonds et al. describe a 

case study where prototyping is used in the design of an expert system (1989). This use of 

prototyping enables the design to centre on the user. It is achieved with two discrete 

developmental stages that employ two different types of prototyping. Firstly, an exploratory 

prototyping stage is used to determine user requirements. This involves a quick prototype of the 
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user interface that is discarded after user evaluation has been conducted. This quick prototype 

draws on the initial "round of knowledge engineering and architectures work [and also] ...the 

exploratory user task analysis and the first definition of requirements" (Edmonds, Candy, 

Slatter and Lunn, 1989:16-18). Secondly, evolutionary prototyping is pursued. In Edmonds et 

al. (1989) the evolutionary prototype’s system development starts from scratch but its design 

objectives draw on the requirements and insight generated through exploratory prototyping.

The spiral method has been used to create interactive software such as the Wound Debridement 

training application (Seevinck, Scerbo, Belfore, Weireter, Crouch, Shen, McKenzie, Garcia, 

Girtelschmid, Baydogan and Schmidt, 2006, Shen, Seevinck and Baydogan, 2006). Like 

Edmonds’ effort above, this medical simulator also used prototyping in order to elicit user 

requirements. In the Wound Debridement application however the prototyping was discarded 

after these requirements had been established. This application is described in s4.5.

In addition to purely scientific or technical applications, iterative software design and 

prototyping may also be applied to the creation of artworks. For example, if the prototype is 

considered an artwork in itself or a study towards an artwork, then these methods can be used to 

complement creative practice. Furthermore, the creation of an artwork often involves iteratively 

creating and reviewing it - a process which parallels the iterative software design spiral.

This discussion has drawn on a detailed description of iterative software design methods in 

order to show their ability to complement other methods. In particular, it has shown that 

iterative software design and prototyping methods can be useful for the creation of interactive 

art systems for a PBR thesis, as is the case here. This PBR approach is discussed in s3.3, with 

the combination of methods (from Reflective Practice, iterative design and evaluation) 

illustrated in Figure 9 and described in S.3.3.C. The evaluation methodology and methods used 

in that combined PBR approach are now reviewed.

3.2. C METHODS FOR EVALUATION

In this thesis the art systems were evaluated using generic data collection methods guided by a 

Grounded theory methodology. Grounded theory was also used for data analysis. The selection 

of the evaluation methods and their details are now reviewed. This is followed by a discussion 

of the Grounded theory methodology.

3.2. C.1 Selection of methods
The selection of a method is informed by the research aims. This is because the methods 

determine the nature of the evidence that is gathered, this evidence then generates knowledge 

that responds to the research aim. The selection of evaluation method also includes 

consideration of the type of data necessary and the approach. Richards states that “...the ways in

which [research] question, data, ways of handling data, ways of constructing an outcome and 
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ways of justifying it” all fit together should be considered when deciding on the evaluation 

methods (2006:xi).

Here the research aim is to understand emergent experience in interactive art. Specifically, this 

is to find examples of emergence. These findings then embody the empirical evidence from 

which understanding can be gained. The nature of emergence does, however, place some 

constraints on this investigation. These are as follows: firstly emergence is a surprising quality 

and secondly some types of emergence are perceptual and hence subjectively interpreted (as 

shown in the literature review in chapter 2). The implications of these qualities are that any 

instances of emergent experience need to be volunteered by participants and described in their 

own words. Thus the type of data that is needed is verbal accounts of participant experience 

accompanied by a visual record. Furthermore, because the emergent experience that is sought 

out is largely undefined, an open-ended, exploratory approach is necessary. Exploratory studies 

support the generation of understanding and rapidly scoping out a research area.

Exploratory studies are supported by an inductive research approach. According to Trochim, 

inductive research is open-ended, divergent and suited to exploratory studies (2006). It differs 

from a deductive research approach where an initial hypothesis is either confirmed or disproved. 

In deductive studies the field of enquiry is narrower and the range of possible outcomes is 

subsequently more limited than in an inductive approach. The hypothesis of the deductive 

approach is applied ‘top down’ to the data, precluding data exploration and the discovery of 

something unexpected. Since here the research aim is open and divergent and there is a need to 

explore the data, an inductive approach has been selected. Inductive evaluation methods that can 

generate the required data are observing, soliciting participant opinions and investigating in 

context.

The selected methods - observing, soliciting participant opinions and investigating in context - 

are also appropriate to this evaluation research because they support the research aim of gaining 

understanding (Preece, Rogers, Sharp, Benyon, Holland and Carey, 1994). This is shown in 

Table 3, reproduced from Preece et al (1994:611). Here some general evaluation aims are 

matched against potentially suitable data collection methods. For example, pursuing 

understanding can be facilitated by observing, soliciting opinions and conducting interpretive 

studies. The next section describes these evaluation methods.
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Table 3 Evaluation aims and methods that are likely to satisfy them as shown in Preece et al. (Table 29.1, 1994:611).

Observing and Users’ Experiments and Interpretive Prediction
monitoring opinions benchmarks rContextuall

Engineering towards a 
target

X X X X

Understanding the real 
world

X X X

Comparing designs X X X X

Standards conformance X

3.2.C.2 Data collection
The thesis relies on interpretive, observational methods and methods for soliciting opinions. 

These three methods are now explained in turn. Firstly, in interpretive studies, or contextual 

studies, the data is collected in context. That is, a normal setting is used rather than a controlled 

setting. An example of controlled setting is a laboratory setting. Controlled settings are typically 

used for hypothesis testing. They involve controlling variables in order to isolate aspects of the 

hypothesis. An example of a contextual study is a field study. Contextual studies are suitable for 

complex interactions such as the experience of an artwork and for open, exploratory types of 

investigations where the enquiry and theory is generated from the data (Preece, Rogers, Sharp, 

Benyon, Holland and Carey, 1994:609). Field studies are used in this thesis research. The field 

study locations used here are natural settings for interacting with an artwork. They include artist 

studios, gallery and museum settings. A natural setting for the exhibition and evaluation of 

participant interaction with interactive art systems is Beta Space. It is a public museum space 

within the Sydney Powerhouse museum. Beta Space has been used for field studies such as the 

evaluation of the interactive art system Iamascope by Sidney Fels (Costello, Muller, Amitani 

and Edmonds, 2005). The main study of +-now was conducted in Beta_Space. This main study 

is described in s3.5 and chapter 6 New Studies.

Secondly, observational methods create evidence through observation. This observation can be 

either direct and indirect. Direct observation includes making notes and timing sequences. It has 

the advantages of needing less effort to set up and because it does not yield the large data record 

it is also not as time consuming to analyse as its counterpart, indirect observation. Rapid data 

analysis and feedback during the design process is therefore possible. However direct 

observation carries the risk of incomplete data records because there is only one opportunity to 

observe the situation and this entails the risk of the observer being distracted, missing key 

events or writing illegible notes (Preece, Rogers, Sharp, Benyon, Holland and Carey, 1994). 

Indirect observation entails standing back from the interaction and is often accomplished by 

video recording the session (Preece, Rogers, Sharp, Benyon, Holland and Carey, 1994). Video 

recording provides a permanent record that can be repeatedly consulted and interpreted. In fact 

the participant may assist in the interpretation of this video recording. Preece et al. describe this
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as a ‘post event protocol’ (1994:623). In post event protocols the participant’s interaction is 

recorded and then reviewed by the participant after their interaction session is over. During the 

subsequent viewing they are asked to “provide a commentary on what they were trying to do" 

while watching themselves interact with the work (Preece, Rogers, Sharp, Benyon, Holland and 

Carey, 1994). This process is also video recorded and constitutes the post event protocol data. It 

is derived after the event to reduce its intrusion on the actual event.

Thirdly, appropriate evidence and data can also be gathered by soliciting the opinions of the 

user or participant. This can involve pilot studies, interviews and questionnaires. A pilot study 

tests out questions prior to the interview or questionnaire. It is a trial run that checks for 

unanticipated problems such as unclear wording and as such they can resolve any potential 

issues with communicating and delivering the interview or questionnaire (Preece, Rogers, 

Sharp, Benyon, Holland and Carey, 1994:612). Interview types include structured, semi- 

structured and prompted interviews. Structured interviews are highly controlled with pre-set 

questions. They are useful for specific enquiries such as hypothesis testing. Semi-structured 

interviews are more flexible and open to the discussion of unexpected issues. They use 

questions to draw on in case there is no conversation or the interviewee digresses. Another 

flexible interviewing technique is a prompted interviewing. Here the interviewee is prompted to 

expand on things by asking them questions like "can you tell me a bit more about...?" and "what 

do you mean by...?" During a prompted interview the participant may also be presented with 

alternatives in order to prompt the discussion. For example, proposing an alternative design 

solution can promote discussion about the current situation (Preece, Rogers, Sharp, Benyon, 

Holland and Carey, 1994).

Questionnaires can be either open or closed (Preece, Rogers, Sharp, Benyon, Holland and 

Carey, 1994). In an open questionnaire the respondent writes out their answer whereas a closed 

questionnaire involves rating responses on a scale. Scales include a checklist with yes or no 

responses or a multi-point rating scale with a metered, graphical bar. Closed questionnaires are 

more focused than open questionnaires, making them suitable to studying areas that are already 

fairly well understood because they have clearly defined areas of investigation. Where the 

situation is not so well understood or the relevant issues are not yet known, this focus is 

unnecessarily restrictive. Open questionnaires are more suitable in this instance. The open 

questionnaire supports divergent, exploratory enquiry because they provide a greater 

opportunity for respondents to volunteer information and all the relevant information may not 

have been anticipated.
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3.2.C.3 Grounded theory methodology
The Grounded theory method generates the theory out of the data rather than applying an 

externally generated hypothesis to the data. As such it is an inductive method (Glaser and 

Strauss, 1967:114) and is therefore highly suited to discovering instances of emergent 

experience in the data. Grounded theory methodology is now explained, followed by a 

discussion of its application to data analysis. That discussion focuses on the analysis methods of 

memo writing, annotation, coding and saturation, and the use external literature and displays for 

analysis. An explanation of the use of each method is given later in this chapter in s3.5.C while 

their actual implementation to create the art systems is explained in chapter 5 New Work.

The Grounded theory methodology is a bottom up approach because it aims to ‘discover’ theory 

directly from the data (Glaser and Strauss, 1967:1). It was introduced by the sociologists Barney 

G. Glaser and Anselm L. Strauss in 1967. According to its proponents, research in the social 

sciences at that time was placing too much emphasis on the verification of theories and not 

enough on generating theory. Their text “The Discovery of Grounded theory Strategies for 

Qualitative Research” would address this shortcoming by providing a research methodology 

that emphasises generating theory (Glaser and Strauss, 1967:6). Where other qualitative 

approaches start with a theory and then try to fit the data to that theory, the Grounded theory 

methods seek to generate a theory directly from the data: "Generating a theory from data means 

that most hypotheses and concepts not only come from the data, hut are systematically worked 

out in relation to the data during the course of the research" (Glaser and Strauss, 1967:6). The 

Grounded theory method therefore tends to ‘open up' the data to facilitate understanding and 

exploring a situation. In contrast a top down approach such as surveying will have specific 

issues that are well known and need specific answers.

By virtue of its bottom up approach, a Grounded theory retains a close relationship to the 

subject area (Glaser and Strauss, 1967). It is also intended to retain the diversity of the data. The 

theory can be something quite fixed such as a "well codified set of propositions" or it can also 

be something that continually develops such as a "...running theoretical discussion, using 

conceptual categories and their properties” (Glaser and Strauss, 1967:31). Chapter 8 

Implications for Practice describes how this thesis has rendered an instance of the latter. That is, 

theoretical and design concepts of openness, creativity, predictability and how they relate to 

emergence and practice are a running discussion for both theoretical investigation and 

exploration through practice and evaluation studies.

Data analysis techniques
Some techniques for data analysis are now explained. This includes both Grounded theory 

techniques such as writing memos, reaching saturation in coding and referring to external
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literature. Other generic data analysis techniques, namely coding and constructing displays are 

also reviewed.

Firstly, the Grounded theory methodology relies on memos. Memo writing is a means of noting 

observations or reflections during the evaluation and analysis process. Morse and Richards 

recommend writing memos for ideas in interviews, a specific word or phrase, context, and ideas 

on a theme or category (Morse and Richards, 2002). Richards recommends writing memos on 

any themes that seem to be emerging. A memo should ' ...record what happened when you 

asked questions of it [the idea], what didn't fit, whether you can explain it, etc. ” (Richards, 

2006:74). Memos store ideas generated before and during coding (Morse and Richards, 

2002:113). In particular, writing memos about data events promotes understanding of these 

events and the detection of similarities between events. These similarities can subsequently be 

categorised into codes (Morse and Richards, 2002:120).

Coding
Morse and Richards describe coding as linking “... data with information, topics, concepts and 

themes” (Morse and Richards, 2002:113). The data is reviewed ‘line by line’ and ‘opened up\ 

This approach involves identifying concepts in the data that fit the data (Morse and Richards, 

2002:120). Incidents in the data are compared to one another and similarities and differences are 

noted. This leads to generating “abstract categories and their properties” (Glaser and Strauss, 

1967:36). For example, categorization could be done by grouping the same sorts of things 

(Morse and Richards, 2002:138). The coding category is characterised as both analytic, 

constituting an abstracted and generalized idea that is clearly not the data itself; and it is 

sensitizing, providing “a meaningful picture” of the event (Glaser and Strauss, 1967:39). 

Coding within a Grounded theory approach induces concepts from the data. These concepts may 

then effect a Grounded theory which is in turn evidenced by the data from which the concepts 

were originally derived (Glaser and Strauss, 1967:231, 236). In this way theory is both 

discovered from the data as well as being supported by it.

Coding is a large undertaking that requires a significant amount of effort. Coding using

Grounded theory methods relies on writing memos to help with abstraction from the data and

the development of concepts. Two other Grounded theory methods also facilitate coding. These

are category saturation and the use of external literature. They work to delimit or bound the area

of investigation, thus alleviating some of the coding effort (Glaser and Strauss, 1967:110).

Category saturation can be said to have been reached when no new insights are gained from

considering additional instances of that category in the data (Turner, 1981:235). As described by

Glaser and Strauss, “ ...saturation means that no additional data are being found whereby the

sociologist can develop properties of the category. Repeatedly coming across instances of a

category leads the researcher to become “empirically confident that a category is saturated” 
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(1967:62). This happens after a lot of coding and when the researcher is very familiar with the 

given category.

Core categories that have been generated from the data may also be compared to external 

literature. Glaser and Strauss advise initially ignoring theoretical literature so that one’s 

approach to the data is not "contaminated by concepts more suited to different areas" (Glaser 

and Strauss, 1967:36-37). External literature can lead to generalising (Glaser and Strauss, 

1967:110) and the development of concepts (Strauss and Corbin, 1998:53). It can also be an 

analytic exercise that can reduce the number of categories and increase the scope of the theory’s 

applicability (Glaser and Strauss, 1967:110).

Displays
Another mechanism for data analysis is displaying the data. This generic method of analysis has 

been defined as “an organised, compressed assembly of information that permits conclusion 

drawing and action” (Miles and Huberman, 1994:11). Displays imply analysis because their 

construction entails selecting (and excluding) data. They have been classified as either within- 

case or cross-case displays (Miles and Huberman, 1994). A within-case display will display 

data within a case. For example, ordering data by time “...preserves the historical 

chronological flow and permits a good look at what led to what, and when ”. An event listing is 

an example of a time ordered display. It involves breaking a case down into events which are 

then listed in chronological order and sorted into categories. Event listings typically use a matrix 

display. This display involves listing categories across the top for columns and events down the 

page for the rows. Event listings can also be displayed using a network diagram. Network 

diagrams facilitate focus on major events. These major events are organised chronologically and 

the forces and reactions to each event can be drawn out. Miles and Huberman illustrate this by 

way of example, reproduced below in Figure 6 (Miles and Huberman, 1994:114 Box 5.2). As 

discussed in s3.5.D and s6.4.C.3 this research has employed networked displays.

In contrast, cross-case displays organise data across different cases. The cross-case display is 

useful for explaining why things occurred: “multiple cases are extraordinarily helpful in both 

generating explanations, and testing them systematically. ” Where the aim is to explain what is 

occurring without forcing the data or smoothing the diversity between the cases, cross case 

displays can be useful in conjunction with a Grounded theory approach. In this situation, one 

looks for typologies of shared scenarios that might occur across the cases.

Miles and Huberman describe different tactics to support the creation of displays (1994). These 

include clustering, noting themes and counting. Clustering is “... the process of inductively 

forming categories, and the iterative sorting of things - events, actors, processes, settings, sites 

- into those categories”. It facilitates analysis because it helps one to move from the specific to
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the general. Another tactic is to look for themes. Themes are recurring entities or patterns. They 

may be patterns of difference or of similarity, across time or across space and they may occur 

within category variables (Miles and Huberman, 1994:246). Lastly, when identifying a theme, 

something that happens repeatedly and consistently is noticed. This necessitates counting. 

Counting is considered a valuable tactic to “... rapidly [see] what you have in a large batch of 

data; to verify a hunch or hypothesis and ... [in] protecting against bias”. As shown in 

s3.5.D.2, chapter 6 New Studies and chapter 7 Findings, this research has drawn on clustering, 

theming and counting to create cross case displays.

Figure 6 Example of a networked, time ordered display from Miles and Huberman (Box 5.2, 1994:114)
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3.3 PBR APPROACH
Adopting a Practice-based research methodology means the artist can continue to practice while 

their research informs their practice and vice versa. Thus the practice of making the artworks 

had implications for my practice and for research: firstly, by extending my practical repertoire 

and secondly the PBR methodology enables me to share my knowledge about how I have 

designed emergent interactions with other practitioners. My personal PBR approach applies 

Reflection-in-action, Iterative design and Grounded theory methods in an integrated way. This 

is explained in s3.4. Firstly, however, my PBR framework is described.

3.3.A PBR FRAMEWORK

Broadly speaking, my Practice-based research process integrates the creative, practical aspect of 

building interactive art systems with the research aspect of conducting its evaluation. It also 

includes the classification of emergence - a theoretical component. Thus it can be framed in 

terms of practice, evaluation and theory. These three aspects constitute the framework of
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practice and research put forward by Edmonds and Candy (2010) and cited at the start of this 

chapter. In this section I explain my personal PBR framework in detail. Firstly, my research 

process my process starts with practice while being very much theory driven (Figure 7 below 

taken from Edmonds and Candy (2010)). Secondly, practice, theory and evaluation are related 

in the iterative way shown in Figure 8. This figure shows my personal, expanded view of the 

framework created for my work (reproduced in Figure 7). The two figures are consistent but 

vary in detail. Figure 8 maps my research milestones in chronological order from left to right 

and it shows the iterating cycle in my process. This iteration can be summarised as being driven 

by theory. This is followed by practice and then evaluation. At the evaluation stage the process 

bifurcates to feed back into both practice and theory. Bifurcation is shown by the dotted lines in 

Figure 8. It shows that the art system evaluation studies feed into design and theoretical 

investigations and outcomes.

This process is now explained in more detail through a step-by-step description of the research 

milestones.

Figure 7 Jen Seevinck's research process as described in Edmonds and Candy (2010).
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Figure 8 The PBR process over the period of candidature. This is an expansion of the view given in Figure 7.
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3.3.B STEP-BY-STEP ACCOUNT

This section describes a step-by-step account of the stages within the conceptual structure 

illustrated in Figure 8. It exemplifies the discussion of my PBR approach and locates my 

approach within the context of PBR. It builds on specific terms and concepts explained earlier in 

the thesis, such as problem framing, situation talk-back (s3.2.B.l) and tangible user interfaces 

(s2.3.G).

The following expands on Figure 8:

(F) Foundation work to this Practice-based research. The background and origin of the research 

is landscape studies for the artworks. This is preliminary to the Ph.D. and described in chapters 

1 and 4. Landscape studies resulted in a conceptual structure, a set of artefacts exploring the 

landscape and this structure, and a design agenda to create a quietly reflective experience. The 

work that came next comprises the Ph.D. research.

(1, 2) Thus the Ph.D. research began with the creation of the interactive art system Glass Pond. 

This interactive art system was a response to the problem framed during the landscape studies 

(F); that is how to facilitate exploratory and reflective experience in the participant. Creating
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Glass Pond also necessitated research into tangible user interfaces and augmented reality. These 

were therefore researched in parallel to creating the work, to inform the work.

(3, 4) The first exploratory study followed. This provided situation talk-back and review to 

reframe the conceptual structure or situation. Re-framing bore out the research topic of 

emergence. At this point I developed a taxonomy of emergence that classifies emergence by 

origin as either perceptual or physical. This also provided situation talk-back.

(5) The Glass Pond exploratory study was followed by reflection on the situation talk back of 

both this study and the taxonomy. This informed the creation of a new conceptual frame and a 

second interactive art system, +-now. Because I returned to the site for a second artist-in

residency project, I also reframed the concept in terms of another interpretation of the 

landscape.

(6) I evaluated +-now informally in my studio. This second exploratory study reframed the 

conceptual structure and the taxonomy.

(7, 8) I refined the taxonomy. A second level of classifications ensued which distinguishes 

intrinsic and extrinsic structures. Minor modifications were made to +-now and it was evaluated 

in the main study.

(9) The main study of +-now was conducted. I reflected on the outcomes.

(10) I read about art theory. In light of my reading and my evaluation findings I extended the 

taxonomy. I classified emergence to a third level. Here I distinguish between concrete and 

referenced emergence. These additional categories are drawn from concrete art to separate those 

instances of emergence that refer to something in the world, from those that are completely new.

This section has described my PBR framework and process in detail. It has included a step-by

step account of how research milestones relate to one another in terms of the PBR framework 

dimensions of practice, evaluation and theory. As shown, my process is theory driven and has a 

strong iterative characteristic. As can also be seen in the detailed figure above, the questions 

regarding emergent experience have come out of creative practice and evaluation; specifically 

out of the creation of Glass Pond and its exploratory study. Thus the origin of my research area 

of emergence is evaluation and practice. The study and reflective practice outcomes are 

described in chapter 8.

An overview of the methods used to implement my PBR approach is given next. It is followed 

by more detailed explanations of these methods in s3.4 and s3.5 of this chapter. The actual 

implementation of these methods is described later in the thesis (chapters 5 and 6).
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3.3.C COMBINATION OF METHODS

My PBR approach draws on a range of practice and evaluation methods. These are firstly 

Reflection-in-action facilitated by Iterative design methods to create the interactive art systems 

and secondly, generic and Grounded theory methods for evaluation and data analysis. This 

section describes how I relate all these methods to one another.

The relations between my selected methods are shown in Figure 9. It is a spiral process that 

integrates the iterative quality of Boehm's software design method (♦) with Reflection-in-action 

methods from Schon (1983) (■). The overlap and integration of these methods is particularly 

significant where artefact construction and evaluation occur.

Artefact construction is, for Boehm, either achieved through prototyping or product and detailed 

design. These efforts are located in quadrants 2 and 3 respectively in Boehm’s spiral diagram 

(Figure 5). I have also located them in quadrants 2 and 3 in my spiral process diagram which is 

shown in Figure 9. In Reflection-in-action terms artefact construction necessitates knowing-in

action. I have located this knowing-in-action method on my spiral process diagram as bridging 

quadrants 2 and 3 (Figure 9). My approach draws on both methods in an integrated way and 

therefore they overlap.

The evaluation of artefacts is, for Boehm, achieved through the review stage of quadrant 3. The 

evaluation methods used in this project are generic and from Grounded Theory. My approach 

integrates these two methods by representing evaluation with a triangle in quadrant 3 of Figure 

9. These evaluation studies are often in the form of exploratory studies. The use of exploratory 

studies for evaluation is consistent with the inductive approach explained in s3.2.C. 

Furthermore, in this PBR context, reviewing necessitates reflective practice, that is listening to 

situation talk-back. Thus I have integrated iterative software design, evaluation and Reflection- 

in-action methods relating to artefact evaluation by co-locating them in my process diagram 

(Figure 9).

Figure 9 illustrates how I have integrated different methods in my PBR approach. This 

integration relies on similarities in the various methods. These similarities have been extracted 

to find the common ground and resulted in this unifying overview of my PBR research process. 

The relationships between the methods that inform artefact construction and artefact evaluation 

have been explained. The remainder of this chapter provides additional details on these. That is, 

my methods for artefact construction are detailed in the discussion on practice in s3.4; and my 

methods for artefact evaluation are detailed in the discussion on evaluation in s3.5.
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Figure 9 The process of iteratively reflecting-in-action combines methods from Iterative design^ reflective practice ■ and 

Grounded Theory A.

Evaluate alternatives, identify and 

resolve risks ♦
Determine objective, alternatives, constraints ♦

Frame and reframe the Artefact Knowing-

Construction ♦ in-action ■concept (problem) ■

Develop and review ♦

Verify the next level product ♦ 

Evaluate A

Listen to situation talk-back ■

3.4 METHODS FOR PRACTICE
A more detailed account of the methods used to create the art systems are now given. This 

discussion expands on the general definitions of the practice methods provided in s3.1. It also 

builds on the previous explanation about how my selected methods for practice relate to one 

another (s3.3). It is therefore a personal account of the methods used for practice.

Reflection-action and Iterative design are the two methods primarily used for creating the 

artworks. They can also be understood as the iterative application of Reflection-in-action 

methods; or ‘iterative Reflection-in-action’. That is the Reflection-in-action methods of problem 

framing, knowing-in-action and listening to situation talk-back are used in combination with 

one another and the Iterative design methods; while evaluation is related to framing the situation 

and providing situation talk-back. This is shown in Figure 9. The figure also shows how the 

three methods are iteratively applied by locating them on a spiral.

3.4.A ITERATIVE APPLICATION OF COMBINED METHODS

This section describes my personal implementation of the methods explained in s3.2.B and 

s3.2.C. It demonstrates the integration of these methods in my PBR approach by identifying 

research milestones. These milestones are outcomes and key processes. They are located along 

the trajectory of this iterative, spiral process (Figure 10). The process begins in the first quadrant 

with the first framing of the design problem. In Figure 10 this is a concept derived from 

landscape studies (1). The problem is then investigated through the construction of artefacts. 

This can entail prototyping or design development (quadrants 2 and 3). The tacit knowledge and 

skill of the practitioner that is exercised during knowing-in-action is also located in quadrants 2 

and 3. A milestone that corresponds to this stage of artefact construction is the creation of the
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interactive art system Glass Pond (see Figure 10, (2)). The artefacts are then evaluated and 

reflected upon (quadrant 3). A milestone that corresponds to evaluation is the exploratory study 

of Glass Pond (see Figure 10, (3)). The evaluations are also reflected upon through listening to 

situation talk-back. This affords a new understanding of the situation, these new understandings 

inform planning the next iteration of the spiral (quadrant 4) and subsequently the determination 

of the next objective (quadrant 1). A milestone that corresponds to the re framed understanding 

and new design objective is the design problem of emergence. This is shown in Figure 10, (4). 

Figure 10 also shows that this process of iteratively reflecting-in-action is continued. Thus 

another milestone is the creation of the interactive art system +-now (5). This artefact is 

constructed in response to the newly framed design problem of emergence (4). +-now is 

subsequently evaluated in another milestone research effort, the main study (6). Finally this 

reframes my thinking about creating emergent interactive art systems (7).

Figure 10 Figure locating research milestones along the same process of iterative Reflection-in-action shown in Figure 9.

Build: Glas:
5 Build: +-now4 Ref Bet and frai

EmerWnce

3 EvaluatyExploratory Study of Glass Pond
7 Reflect and reframe: 
Emergence

6 Evaluate: Main Study

3.4.B PROBLEM FRAMING

The creation of the art systems involved framing problems. In my practice I begin by pursuing a 

large, open and rich problem with many potential solutions. I have also described this as a 

conceptual structure. It is a ‘backbone’ to the artworks; an abstracted and poetic framework or 

rationale that binds the elements of the work together like a skin. Like the many different skins 

that can clothe a structure, the solution to the problem and form of the artefact can vary. In this 

sense the artefact is an interpretation of the conceptual structure.

Throughout an iterative Reflection-in-action approach the problem is continually reframed. This 

includes the conceptual structure of the work. It changes shape as I learn about the work and 

research. I also break it down into smaller design problems for exploration and practical 

implementation. Problems can therefore be said to occur at both high and low levels. For 

example design problems may deal directly with the conceptual structure of the work, the 

quality of the interaction and participant experience, the quality of the interface and art object or 

the selection of tools.

74



Design problems are typically followed by the construction of an artefact. These artefacts can be 

interactive art systems or something simpler, such as a drawing. As the iterative process 

continues these artefacts are reviewed or evaluated. The outcomes from this review are then 

considered by listening to the situation talk-back. If this is satisfying the process stops. More 

likely however a new design problem is created. This occurs through reframing.

Key design problems and reframing processes encountered during this Practice-based research 

project are described in chapter 5 New Work. The following section discusses artefact 

construction processes.

3.4.C ARTEFACT CONSTRUCTION

The construction of artefacts relies on techniques that are specific to the nature of that artefact. 

In this thesis the artefacts are the interactive art systems Glass Pond and +-now as well as the 

interim steps toward them. For example, photographs, drawings, diagrams and interaction 

sketches were also created. The techniques used to construct these artefacts are drawing, 

photography, keeping a journal, synthesising digital imagery, computer modelling and 

animation and creating interactions. The implementation of these techniques is described in 

s5.7.

Artefact construction also draws on methods from Reflection-in-action and Iterative design. As 

argued by Schon and shown in s3.2.B, knowing-in-action draws on the practitioner’s repertoire 

and tacit knowledge to guide artefact construction. Similarly, my professional repertoire has 

informed the construction of the artefacts in this thesis. For example, the modelling tools and 

interaction software used here is the same as those used in the Wound debridement simulator 

and the Sticky traffic interactive systems. These are two samples of my professional repertoire. 

They were completed outside of the Ph.D. research and are described in chapter 4.

Prototyping methods also inform the construction of the artefact within my personal approach. 

As shown in Boehm’s spiral method and the discussion on prototyping in s3.2.B the artefact can 

vary from a low fidelity prototype to a highly detailed final design. In this PBR effort the 

interactive art system Glass Pond is an exploratory prototype that informed the creation of +- 

now and. It was evaluated during an exploratory study and the knowledge outcomes from both 

the prototype and its review informed the creation of the new system, +-now. The following 

section describes exploratory studies.
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3.4.D EXPLORATORY STUDIES

Exploratory studies generate understanding (see s3.2.C.) Here this is done in two ways. The first 

way is demonstrated by the iterative, spiral design process (Figure 9). Here the exploratory 

study is a review stage that generates situation talk-back (quadrant 3). This leads to a reframed 

understanding of the problem or situation (quadrant 4) which leads to a subsequent, iterated 

version of the art system (quadrant 2).

The second way exploratory studies generate understanding is by providing evaluation evidence 

for the generation of knowledge. My use of exploratory studies for evaluation research is 

described in s3.5.A.

My personal methods for practice have been discussed. As shown, my approach draws on a 

process of iteratively reflecting-in-action and in particular framing, constructing artefacts and 

reflecting on the construction of artefacts through exploratory studies. Where the situation talk

back from the exploratory study outcomes demand it, the situation or problem is reframed. The 

methods used to conduct these exploratory studies are described next. This section is similar to 

the current section in terms of detail and relevance to this thesis, but it is concerned with 

evaluation and analysis rather than with practice.

3.5 METHODS FOR EVALUATION AND 
ANALYSIS

This section describes the evaluation and analysis methods used in this thesis. These draw on 

generic and Grounded theory methods. The section explains the use of exploratory studies, 

followed by the use of generic data collection methods. Grounded theory data analysis methods 

are then explained. Lastly, some generic methods for data display, following Miles and 

Huberman (1994) are explained.

3.5.A EXPLORATORY STUDIES

Exploratory studies serve the inductive approach of my research. They also facilitate the 

integration of Reflection-in-action, Iterative design and Grounded theory methods, as was 

described in s3.2.C. My research has involved two exploratory studies. As will be discussed in 

chapter 6 New Studies, an exploratory study of Glass Pond was used to understand various 

aspects of the artwork such as audience experience and its conceptual structure; while the 

exploratory study of +-now was used to rapidly scope out understanding of that art system.
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The exploratory study methods involved collecting evidence to explain and understand the 

research areas. Similar data collection methods to those in the main study were used. All of the 

data collection and analysis methods used in this research project are now described.

3.5. B DATA COLLECTION

The data collection methods used were generic. They were used in both of the exploratory 

studies and in the main study. This section describes what data collection methods were used for 

all of the studies. The discussion follows the explanations given by Preece et al. (1994) to 

describe data collection as conducted interpretively while employing observation and soliciting 

participant opinions. These data collection methods have been explained in s3.2.C.2.

3.5. B.1 Interpretive evaluation
An interpretive approach, explained in section was achieved through the use of field studies. 

Field studies were used for all three evaluations. Thus all three evaluation studies were 

conducted in settings that are naturally appropriate for interacting with the artworks, such as art 

studios and museum settings. Specifically, the Creativity and Cognition Studio at University of 

Technology Sydney was used for the first exploratory study; the artist’s studio was used for the 

second exploratory study; and the Beta Space exhibition and research space at the Sydney 

Powerhouse museum was used for the last and main study.

3.5. B.2 Observation
Observation methods were used to collect data. Both direct and indirect methods were used. 

Indirect observation was used for the first exploratory study of Glass Pond and for the main 

study of +-now. In the first exploratory study, participant interaction with Glass Pond was 

video recorded for viewing and analysis after the evaluation session was over. The participant 

knew they were being video recorded and only the participant and the interviewer-researcher 

were present at the time.

In the main study of +-now, post event protocol was used. As described in s3.2.C.2, the post 

event protocol method entails indirect observation. It was used as follows. Firstly, participant 

interaction with the art system was video recorded in vivo. The participant knew they were 

being video recorded and they interacted with the work on their own. After they were finished 

interacting with the artwork, they were taken to a separate area equipped with a TV monitor, 

video player and second camera. The video recording was played back to the participant and 

they were asked to describe what they were thinking and doing at each moment during their 

interaction. During the post event protocol only the interviewer and participant were present. 

Where something significant to the research area was described by the participant or occurred 

on the playback screen, the observer would prompt the participant to describe this further. They

would then pause or rewind the recording as was required. Post event protocol also involves 
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video recording this commentary. In the main study this was achieved using the second camera. 

The interaction and post event protocol recordings facilitate indirectly observing the participant. 

They were reviewed after the evaluation session was finished, during data analysis. For data 

analysis purposes the recordings needed the details of participant behaviour, commentary and 

system response. This involved planning correct camera set-up in terms of field of view, audio 

recording levels (for the post event protocol recording only) focal range, exposure and the 

lighting conditions dictated by the artwork.

Direct observation was used for the exploratory study of +-now. The participant was observed 

to interact with the work for approximately five minutes. The observer did not engage with the 

participant during this time. As is described below, a prompted interview followed this direct 

observation. As is consistent with direct observation methods, participant comments and 

observations were noted down. These were written down after the evaluation session. Direct and 

Indirect observation methods are explained in s3.2.C.2.

3.5.B.3 Soliciting opinions
Participant opinions were sought through interviews and questionnaires. All three studies used 

interviews. In the first, exploratory study of Glass Pond and in the main study of +-now, semi 

structured interviews were used. These were explained in s3.2.C.2 above. In each case the 

interview topics were discussed with a research colleague prior to the interview. In the main 

study a colleague also acted as a trial interviewee. The feedback received from these 

consultations was used to refine the list of topics used. Prompted interviewing was used in the 

exploratory study of +-now. Prompted interviewing is also explained in s3.2.C.2 above. Here 

the participant was drawn out to expand on significant aspects of her interaction. Alternative 

implementations were also presented to prompt discussion. These were the demonstration of 

different versions of the work and verbal and sketched descriptions of different set-up 

configurations.

A questionnaire was used for the exploratory study of Glass Pond. This was tested in advance 

through discussion with a supervisor. Pilot testing the questionnaire reduced the number of 

questions and broadened the remaining questions.

It is worth noting that the Glass Pond exploratory study relied on a starting condition. That is, 

the system was configured in the same way at the start of each evaluation session. The 

configuration that was used is described in chapter 6. The interview and questionnaire questions 

used in all of the evaluation studies are also listed in chapter 6. Chapter 6 describes the actual 

implementation of these evaluation methods.
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3.5. C DATA ANALYSIS

Analysis is guided by the Grounded theory methodology and employs Grounded theory 

methods. These have been explained in s3.2.C.3. This section describes what methods have 

been used to analyse the data from the Glass Pond exploratory study and +-now main study. 

Those methods are data preparation, quality control, memo writing, coding and data display. 

The ‘case’ or unit of analysis is a single participant interaction session. The section concludes 

with a discussion of the software used for analysis.

3.5. C.1 Data preparation
The data was reviewed and prepared prior to coding and display. Review involved noting 

anything related to data record integrity in a memo. This included any incidents occurring 

during the interaction session or at the onset of analysis for example incomplete interviews and 

inaudible recordings. Audio and video recordings that were not excluded during this review 

were then imported into the computer. Further quality control measures were then applied. This 

involved checking the data for completeness; that is, ensuring all the relevant material was 

present. Incomplete recordings or corrupt files resulted in rejected cases while those cases that 

were complete and sound were transcribed. In the main study the data was imported into 

qualitative analysis software Nvivo (QSR, 2010) and profiles were collated for each case. Each 

profiles consisted of all the data that had been collected and prepared (for example, transcripts) 

for that participant’s interaction session.

Memo writing
Memos were written throughout the analysis process. They accompanied data preparation to 

note any problems with the data. They were also a means to abstraction by noting any 

interesting points for the creation of new categories or codes. Lastly, memos were also used to 

log and reflect on the research process.

Coding
Analysis aimed to find a set of high-level categories common to all profiles; that is a coding 

scheme.

One coding scheme was created for the exploratory study of Glass Pond and a second coding 

scheme was created during the analysis of the main study of +-now. The creation of these 

coding schemes involved annotations and open coding. They also involved coding until 

saturation level had been reached. Finally, codes were also generated from external, theoretical 

literature and codes from other studies were also used. These methods of coding have been 

explained above. What was actually done as well as the coding schemes themselves are all 

explained in chapter 6 New Studies.
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A series of chronological events from the annotations were distilled into a display. During this 

process I would ask myself of each event, “what’s going on here?” This facilitated breaking 

down the events into categories. For example, the process led to the topics Gesture and 

Composition in the exploratory study of Glass Pond; and Observable Behaviour and 

Association in the main study.

As each profile was converted into a flow chart, new topics would transpire. These new topics 

were then checked against those in the previous flowcharts for overlap or additional insights. 

The process continued until the saturation point was reached.

These categories were reflected upon and any new ideas or questions were noted in memos. 

Those with overlapping meanings were sought out and regrouped into more general categories. 

New categories were also found by reviewing the memos. This involved another layer of 

interpretation and abstraction. The list of codes that came out of the +-now analysis is given in 

Table 4 and a detailed discussion of their creation, along with definitions is given in chapter 6.

Table 4 The codes that came out of the analysis of +-now.

Thought
Start, Reference, IW

Object
Image, Sand, OOther, Wholewk 
Misc

Body

3.5.C.2 External literature
External literature was consulted in the creation of the coding schemes. In the exploratory study 

of Glass Pond, this literature described coding systems for other interactive art systems 

(Costello, Muller, Amitani and Edmonds, 2005).

In the main study, several types of external literature were used. Firstly, codes were extracted 

from theoretical research on the concept of emergence. The literature review and taxonomy 

were used to generate a set of codes that relate directly to the theory; that is, a set of emergence 

criteria codes. These emergence criteria codes would be used to identify instances of emergence 

within the data. A list of these emergence criteria codes is given in Table 5.
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Table 5 Emergence criteria codes that came out of research

Emergence Criteria
New, Pred, Whole, Parts, Feedback, Shape, Tempcomp, Concrete 

Table 6 Abbreviated list of codes that are finally applied

Thought
Start, Reference, IW

Object
Image, Sand, OOther, Wholewk
Misc
Repeat

3.5. C.3 Applying codes
The main study involved additional analysis in two stages. This was to find any qualities of 

emergence that might exist in the data.

The first stage involved applying the Table 6 coding scheme to the data. These codes were then 

re-interpreted in terms of the emergence criteria codes of Table 5. This process is detailed in 

chapter 6. It results in data coded in terms of the qualities of emergence; that is the codes in 

Table 5. Where no emergence criteria codes were identified, an event was coded as non- 

emergent and the analysis process for that event was terminated. Where emergence criteria 

codes were found they indicate the possibility of an emergent event.

The second stage of this additional analysis is testing the possible positive cases for an 

incidence of emergence. This involves comparing these coded instances against a set of 

theoretical definitions. This determines whether or not the event is emergent and if it is, what 

type of emergence it is. It is described in detail in chapter 6.

3.5. D DISPLAYS

This research necessitated the construction of both within-case and across-case types of 

displays. The construction and use of data displays is discussed under Displays, in s3.2.C.3.

3.5. D.1 Within-case displays
Event list displays were created for each case. These were used to describe the data in terms of 

events over time. They took the form of matrices in the Glass Pond exploratory study and 

networks in the main study. Examples of the interaction events they identified are touching the 

sand and walking around.

Constructing the event list displays involved listing the topics that had come out of the 

annotations of the data in chronological order, for each case. The events in this list were then 

sorted into categories. The final categories used for the network lists of the main study are start 

(of the event or thought, how it started), association, feeling, touch and repeat. A short

descriptive summary of the interaction was written in parallel with the construction of the 
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charts. The chart and summary were used as a synopsis of each interaction. They were useful for 

checking the interaction chart.

3.5.D.2 Cross-case displays
Cross-case displays were used in the analysis of the main study. They were used to compare 

cases to each other and to try to explain what was happening in the data.

Cross-case displays compared occurrences of emergence that came out of the data analysis 

against information from the interviews. These displays used charts to compare cases where 

emergence had been found against those where it had not, for a range of variables such as 

participant gender, age bracket, expertise and whether or not they had a drawing background. 

The charts are presented in chapter 7 Study findings.

The construction of these displays used counting methods as well as relying on the researcher’s 

ability to recognise themes or patterns visually, such as proportional relationships. Counting and 

noting patterns are tactics for generating meaning which were described earlier in this chapter.

3.6 CONCLUSION
This chapter explained how a Practice-based research methodology is used to pursue two of the 

research areas scoped in the introduction in chapter 1. These research areas are (1) 

understanding the creation of interactive art systems that promote emergence in the participant; 

and (2) understanding the emergent participant experience. The Practice-based research 

methodology used here has been described in general terms. The general discussion included the 

theoretical origins, the nature of the methodology and related methods. It also included the 

relationships between practice, artefact, research and knowledge.

The discussion then focussed on this research effort. The relationship between the different 

methods and methodologies used in this PBR approach; and the relationship between theory, 

practice and evaluation research in this PBR approach were given. The implementation of 

Reflection-in-action and Iterative design methods for the creation of two interactive art systems, 

Glass Pond and +-now, was given in this second part of the chapter.

The third part of the chapter also provided details about the research effort, but focused on the 

evaluation methods. These evaluation methods were used to create evidence that would support 

the knowledge generated through this thesis. Thus details of how the evaluation methods used in 

the Glass Pond and +-now exploratory studies and for the main study were done were given.
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4.1 INTRODUCTION
This chapter reviews a selection of my art and research work conducted prior to the Ph.D. 

Although these five works are not presented for examination towards the thesis, their review 

facilitates a deeper understanding of the Practice-based research approach used in the thesis. 

This is through exemplifying my professional repertoire. As described in s3.2.B.l Reflection-in

action, practitioner repertoire is one of the key methods of Reflective Practice and the repertoire 

forms the basis of the next ‘move’. Thus the following five samples of my repertoire will inform 

the basis of my subsequent move: the New Work created for the thesis (and described in chapter

5).

All five of the efforts reviewed in this chapter influenced the practical and research decisions 

made in creating the artworks; specifically through the development of practical techniques and 

an aesthetic. That is, the efforts presented here have involved learning and developing 

techniques subsequently pursued in the thesis work. Some of the work presented here also 

involved concept (problem) reframing by mapping out a trajectory of ideas, leading me to an 

aesthetic and this current point in my research interests.

The five practical and research efforts are presented in turn. They constitute two research 

efforts, two artworks and some artwork-in-progress. This latter work-in-progress is practice 

preliminary to the first art system presented in the thesis, Glass Pond. It is presented last of all, 

leading into the following chapter on my New Work.

The discussion of each of the five foundation works begins with a description of my role and the 

work itself. This is followed by a discussion of the aspects of that effort that subsequently 

influenced the thesis work. The aspects relate to technique and aesthetic.

4.2 VIDEO ART&RESEARCH
Blue in the Bluebird (Seevinck, 1999, with sound by Tim Kreger) is an installation comprising a 

looping, 7 minute video installed in a dark room; and prints (Figure 11). It was first installed at 

Strathnaim Gallery in Canberra. It is the major folio component of my M.Phil. Electronic Arts 

degree; a research degree that was concerned with dynamic architectural space and designing 

for virtual reality environments (Seevinck, 2000).

The video image is of birds in flight and abstracted sculptural forms. The image is wholly

synthetic. That is, it consists entirely of procedural three dimensional (3D) computer graphics 
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elements and the lighting and shading of them. Procedural 3D graphics were also used in the 

artworks included for this Ph.D. (Glass Pond and +-now). Another similarity between this 

foundation work and my New Works is that all were inspired by landscape. In Bluebird 

however, the landscape that is referenced is the open bush and inland lakes of Australia. Other 

conceptual issues in this work were the motion of bird flight, This is consistent with the 

accompanying sub-thesis which was concerned with movement in architecture and space.

This accompanying sub-thesis 'How and why might an architectural design praxis inform 

virtual reality design' reviews literature concerned with architectural space, virtual reality 

design methods and a philosophy of space and virtuality described by philosophers Deleuze and 

Bergson. It draws on these reviews to challenge the predominant methods of virtual reality 

design. These typically understand virtual space as static and fixed, as real world spaces 

typically are. The sub-thesis then proposes a new approach to design for virtual reality. This 

new approach expands the existing metaphor of architectural space for understanding 

cyberspace, by including movement. That is, it sought to create dynamic spaces. This expanded 

understanding of what virtual reality could be. A conceptual example of such a space was also 

created. This was the Blue in the Bluebird installation work.

Thus the Blue in the Bluebird work is, in a way, an illustration of dynamic space in virtual 

reality. It is conceived as providing a ‘view’ of such a space: the video screen is considered to 

be a window through which one can look to see this different type of cyberspace.

Blue in the Bluebird was created using the architectural design methods reviewed in the sub

thesis in combination with 3D procedural computer graphics techniques. It illustrates a mastery 

of these techniques; techniques which are integral to the New Works presented in this Ph.D. 

thesis. Furthermore my early interest in the procedural generation of space and form and 

defining them with movement would inform my later work; directing a trajectory of aesthetic 

investigations. For example, the question of using movement to create space and form was 

reframed into a question about the dynamic nature of everyday space. This reframed question is 

the basis of Sticky Traffic (Seevinck, 2003a), subsequently described.
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Figure 11 Bell, Bottle, Flock, Texture, Fold Computer generated images from Blue in the Bluebird. J. Seevinck (c) 1999.

4.3 RESPONSIVE ART INSTALLATION
Sticky Traffic (Seevinck, 2003a, 2003b) is a site specific and responsive art installation. It was 

first installed at Span Galleries, Melbourne as part of the Graphite 2003 conference (Figure 12). 

The work renders computer generated imagery in real-time and in response to movement at the 

site. It uses a hybrid of imagery including stop-motion animation of plastic toy insects and 

procedural 3D geometry. The resulting image is a visualisation of the dynamic space. It 

investigated the often uncomfortable tension between large scale public space and the more 

intimate and human scale space of interiors. In particular I was looking for images that would 

reveal something else about the intersection of public and private spaces; a tension that was 

already acknowledged within critical discussions such as architecture.

The installation comprises two monitors, two microphones and a pc. The application is 

constructed using Derivative Touch API (Hermanovic and Bairos, 2000). The microphones are 

used as sensors. One is located inside the gallery space and the other is outside. The outside 

microphone samples street traffic which determines the deformation (degree and frequency) of
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virtual 3D forms. The interior microphone samples smaller scale, interior traffic. This 

determines the stop-motion animation elements.

Figure 12 Sticky Traffic, J.Seevinck 2003. Images from the installation and work at a quiet time (top) and as traffic 

increased (below).

The creation of this art system contributed to my repertoire of techniques by increasing my 

understanding of real-time art installations and using sensors. It raised questions about the 

meaningful relationship (especially mapping) of sensor data to imagery and the potential for 

interaction within an installation environment. Lastly the creation of this work promoted my 

thinking about patterns that may be found in our environment. A pattern infers a repetitive 

element and this, in turn, may imply an emergent order or structure. Thus thinking about the 

patterns in our environment, as I did during the making of Sticky Traffic, helped to direct me 

towards emergence as a Ph.D. research aim.

The Ph.D. research interest in Emergence in Interactive Art was also influenced by my research 

work at VMASC, Old Dominion University. During my employment there I worked as part of a 

team to develop several applications for interaction, stimulating my interest in interaction 

design. Furthermore, these projects typically challenged the boundaries of what was possible in 

interaction design by simulating depth perception, tracking movement to update the simulation 

correspondingly and in real time, and through force feedback. Thus my experience with 

designing and developing for state-of-the-art virtual reality technologies such as a CAVE virtual 

room and augmented reality displays such as the Reach In Mirror display and magnetic and 

mechanical tracking and haptic rendering systems such as the Polhemus and Phantom prompted
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me to consider the potential of interaction design for art. One highly influential project is the 

development of a surgical training simulator, described in s4.5 below.

Another area of research regularly undertaken during my time in the USA was graphical 

modelling. This has also been highly influential on the creation of the artworks in this thesis. It 

is discussed in the next section. As described there, the process of modelling evolved techniques 

used in the creation of the New Work.

4.4 ANATOMICAL MODELLING TECHNIQUES
Anatomical modelling techniques were developed during my research position at Old Dominion 

University. These involved reconstructing human anatomy from data (Figure 13). They spanned 

different projects, including the creation of an anatomically correct thigh for the Wound 

Debridement surgical simulator. They were however primarily developed within the Prostate 

Surgery project led by Dr. Rick McKenzie in 2003. Prostate glands containing tumours are 

surgically removed in the event of causing cancer. This can be done with different cutting 

techniques, evidenced by the shape of the excised gland (for example the angle of a cut). 

Sometimes not all of the cancer is removed from the body. This project aimed to see if some 

methods of excise were more effective in removing the tumours than others.

My contribution to the Prostate Gland project included reviewing image analysis techniques, 

implementing a solution to analyse the specimen images and then constructing digital 

representations of the specimens based on the image analysis data. My effort began with marked 

and scanned images of the sliced gland; that is, the gland had been sliced into approximately 

3mm thick sections, photographed and inspected by a pathologist who marked out the tumour 

boundary in yellow. I manipulated these images with image analysis techniques to identity 

tissue and tumour boundaries in terms of luminance. Specifically, the images were converted 

into black and white with the boundary edge being at the threshold between the black and the 

white. The image was then converted into geometry using procedural graphics techniques in 

Side Effects Houdini software (Davidson and Hermanovic, 1998). At this stage the process had 

resulted in a series of polygonal curves each of which corresponded to an image slice input. The 

last stage of the technique involved skinning these curves to create continuous geometry 

surfaces that would represent the tissue. In this way a three dimensional model of the excised 

specimen gland was constructed. The process is described in McKenzie, Hussein, Seevinck, 

Schellhammer and Diaz (2003).

The same technique was used to construct an anatomically correct thigh model for the wound 

debridement simulator, described next. However this model was more complex because in 

addition to being significantly larger than the prostate gland it also included bone, nerve, muscle
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and skin data. It is pictured below in Figure 13. The data used in this model originates from the 

Visible Human data set (Ackermann, 1995).

These anatomical modelling efforts contributed to my repertoire of techniques by increasing my 

understanding of image analysis and the construction of geometry from image, something which 

I would later use to decode sensor data in Glass Pond and +-now (s5.3.D.3, S5.5.D.3).

Figure 13 Thigh model reconstructed from image data.

4.5 SURGICAL TRAINING SIMULATOR
This research effort was a prototype wound debridement training simulator (Figure 14). It was 

developed during my research position at Old Dominion University between 2003 and 2007, 

under a project led by Bowen Loftin. Wound debridement refers to the removal of necrotic, 

devitalised or contaminated tissue and/or foreign material to promote wound healing. Typically 

the procedure is taught on live patients. The project aimed to use simulation instead in order to 

increase the number of trained professionals.

This medical training application prototype was designed and constructed within an 

interdisciplinary team that included engineers, psychologists with specialisation in human 

computer interaction design and training and medical professionals. My role in this project was 

three fold: project manager, lead prototype developer and computer modeller/artist. It included 

requirements analysis of the training application through consultation with domain experts 

(surgeons) and construction of the interactive software application within the Derivative Touch 

API (Hermanovic and Bairos, 2000) and of anatomically correct models used within this 

application. This application has also resulted in a number of research publications (Seevinck, 

Scerbo, Belfore, Weireter, Crouch, Shen, McKenzie, Garcia, Girtelschmid, Baydogan and 

Schmidt, 2006, Shen, Seevinck and Baydogan, 2006), presentations and a patent which is 

pending.
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The Wound Debridement training simulator is a real time, 3D graphics, Tangible and 

Augmented Reality training application. It is intended to train people in the debridement, or 

cleaning of wounds. It presents them with a human thigh model with blood, dirt and glass debris 

resulting from a motorcycle accident. The trainee interacts with the simulator to clean this 

virtual model. Specifically, they prepare the surgical site by scrubbing and rinsing the wound 

with a virtual sponge and syringe. This interaction task is followed by the removal of foreign 

objects using virtual forceps. Trainees must also learn to avoid cutting critical structures 

including blood vessels and nerves. Interaction with the simulator relies on two commercially 

available technologies. Firstly, the tangible interaction device used is a Phantom from Sensable 

(Massie and Salisbury, 1993). This robotic arm constitutes a pen-like interface that the trainee 

can move and rotate in real 3D space. The device tracks the position of their hand in the virtual 

environment and renders force feedback to give the trainee an impression of that virtual 

environment. For example, they can feel the spongy resistance of the wound flesh as well as the 

hard resistance of the glass shards.

Secondly, interaction also relies on the mirrored augmented reality display (Reach In). This is a 

type of virtual reality technology. It is a display device that enables the trainee to view the 

virtual model of the thigh superimposed on top of their hand. It constitutes a mirror that floats 

above the Phantom and this mirror reflects the rendered computer image.

The creation of this medical training simulator involved learning about designing for different 

interaction devices and developing techniques for interaction design and real-time graphics. The 

interaction devices are the augmented reality display and the haptic rendering robotic arm; that 

is the tangible interface. Developing for these devices necessitated learning about their 

constraints as well as the possibilities and dimensions for interaction that they offered. For 

example, the use of an augmented reality display taught me the value of ‘co-locating’ the 

interaction task with the visual feedback. That is, I found that because the Reach-In display 

located the interaction space (trainee’s hand) in the same place as the interaction image (where 

the trainee was looking); the trainees were able to engage with the interaction task more quickly 

and it seemed, more easily. This informal feedback strengthened our development team’s 

commitment to work with augmented and other virtual realities and it confirmed our expectation 

that motor skills were more easily developed using virtual reality technologies.

This project also led to developing interaction design techniques for convincingly scrubbing, 

irrigating and grabbing the wound tissue. This interaction relied on the Phantom pen stylus 

interface rather than the real-world tools of a brush, syringe or forceps. Because of the 

difference between these objects, we tried many mappings of interaction behaviour and different 

tactile (force feedback) renderings. These ‘professional lessons’ extended my repertoire. For 

example, I learned that an awareness that visual movement (animation) can convey a great deal 
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of realism and may be more effective in making a task ‘realistic’ over and above highly realistic 

graphics or force feedback.

I also developed techniques relating to real-time interactive graphics. These are physical 

modelling and texture techniques. Firstly, the physical model used in this application is a mass

spring system. Physics-based models offer highly realistic, flesh-like behaviour, as was required 

in this application. However, as with all physics-based models, the mass-spring system is 

difficult to control. Accurate calibration of this system entailed research into mass-spring 

models to learn about the parameters for defining them for stable behaviours and research into 

tissue in order to understand how the models should animate. Secondly, I also developed 

geometry texture techniques. These were used to interactively render the appearance of a clean 

model during scrubbing and irrigation interaction tasks. Basically they involved switching 

textures on the model from ‘dirty’ to ‘soapy’ to ‘clean’ as the trainee interacted to ‘scrub’ and 

‘irrigate’ that particular area of the model. These texture based techniques therefore simulated 

changes to the thigh model. These were very effective visually and ‘cheap’ computationally. 

That is, unlike a similar solution that might seek to change the thigh geometry in real-time the 

texture based solution requires little computer processing power or memory to execute. The 

result was fast and highly interactive simulation behaviour.

The wound debridement application contributed to my repertoire of techniques by increasing 

my understanding of implementing interaction design technologies such as augmented reality 

and haptic feedback. It also increased my understanding of interaction design and real-time 

computer graphics, especially physics-based models and textures.

Figure 14 Wound debridement surgical simulator using the Reach In display and Phantom haptic device.
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This chapter has described two artworks and three research efforts that preceded the Ph.D. Each 

of these have grown my technical repertoire and/or directed my aesthetic enquiry to lead me 

towards the New Work presented in this Ph.D. Other preliminary work is more directly related 

to this New Work. These are the development of some conceptual issues behind Glass Pond and 

the determination of sand as an interface. They are now described.

4.6 BACKGROUND TO THE NEW WORKS
Two art systems have been created for this thesis: +-now and Glass Pond. As explained in 

chapter 3, +-now is an iteration of Glass Pond. They share a conceptual origin derived from 

landscape studies. These landscape studies began at a lake in East Haddam, USA in 2003 well 

before the commencement of the Ph.D. This section discusses the conceptual development 

efforts that began at that lake and led up to the start of the Ph.D. and Glass Pond.

In 2003 I participated in an artist residency project at I-Park in the USA. I-Park is a 450 hectare 

woodland property with lakes, rivers and some roads in a rural part of Connecticut. It is an 

artists’ enclave that attracts practitioners with an interest in landscape. My residency began by 

studying this landscape and selecting a site. It was my intention to use this site to provide the 

conceptual guidelines for a digital, interactive artwork. In particular I aimed to distil an 

‘essence’ of that place. Towards this end I conducted different types of site studies including the 

collection and study of artefacts such as rocks, sand and flora. In some cases this included 

studying the interaction potential of the artefact. This was done through technical interaction 

sketches which were operational, interactive prototypes and conceptual diagrams. An example 

of the latter is in Figure 16.

This Interface diagram was used to investigate the interaction potential of sand. It explored its 

use in conjunction with a topographic model of the woodland property, including the three hills, 

creeks and lakes. I also reflected on the feeling of the sand, concluding that it is very evocative 

and playful because it is a free-flowing, slippery substance that can run between fingers or be 

moulded to the hand, rendering touch almost everywhere. I reasoned that using sand to interact 

with the work would create a direct link between the landscape and the artwork. These thoughts 

directed the use of sand in the art systems.

In addition to interaction sketches and designs, I also conducted site studies using photography. 

For example, the montage shown in Figure 15 investigates visual forms in that landscape. It 

attempted to assemble a topology of visual forms in order to determine any common visual 

forms of that place. However, I found the diversity of visual forms was too great to support this 

effort. This abundance in visual form was both attractive and problematic to me. Recent 

reflections-in-practice revealed that I can re frame this ‘problem’. That is, it can be seen as
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indicative of the wealth and variability of that environment. In fact, infinite variation of form is 

arguably a characteristic of the whole natural world. Thus this early ‘problem’ in 

conceptualising the landscape and site is a form of infinite variation which reinforces my 

research interest in emergence. (Refer forward to s5.2 for a detailed discussion of how these 

aspects relate.)

Thirdly I also studied the site by listening and watching and drawing in situ. I found this 

experience quietly reflective, slightly dreamy and without an explicit goal or intention. As my 

landscape studies and thinking progressed this reflective, exploratory and non-goal oriented 

experience became a conceptual agenda for the work. Thus my design focus shifted from 

looking at visual form and literal interpretations of the site (as in topography) to looking at 

participant experience.

From further studies of this reflective, exploratory and non-goal oriented experience of the site I 

learned that it was often accompanied by the perception of illusions. That is, when I perceived 

both the reflections on the surface of the water and the elements under the surface of the water, 

then I would find the experience reflective and dreamy. This co-existence of reflected and sub

surface imagery is illustrated by a photograph taken at I-Park (Figure 17). The illusion concept 

is summarised by the diagram in Figure 18.

Figure 15 I-Park M2 J.Seevinck 2003. Photomontage. Landscape study of diversity of natural foms. 

Figure 16 Interface. J.Seevinck 2004. Drawing. Preliminary interface and landscape study.
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Figure 17 Study J.Seevinck 2003. Photograph. Study of reflected and subsurface images in the lake.

Figure 18 Study J.Seevinck 2004. Drawing of perceptual tension between reflections (clouds) and sub-surface objects (leaves 

on the bottom of the lake).

oscillation :
reflection : self

------ ------  ------ —— surface

refraction : underworld

This concept of illusions would be revisited throughout the Ph.D. Practice-based research. This 

is because my interest in them grew and they were found to be relevant to the research into 

emergence, that is, emergent shapes (s5.2). The later landscape studies which are a part of the 

New Work are also discussed there and shown on the DVD (refer to the DVD, Background 

Work for a compilation of photographs from the second landscape study).

4.7 CONCLUSION
This chapter has presented practical and research efforts which pre-date this Ph.D. To be clear, 

these items are NOT submitted for examination for the Ph.D. thesis. Instead they are included to 

provide background for the Ph.D. submission. They also provide confidence in the repertoire 

that has facilitated the creation of the Ph.D.’s New Work. This has included discussion of 

techniques for image analysis to create geometry, real-time procedural 3D computer graphics 

and augmented reality and other interaction technologies and techniques.

The foundation work presented here has also directed my aesthetic enquiry. This aesthetic 

trajectory begins with Blue in the Bluebird, a work where form was determined by dynamic 

space (s4.2) and is followed by Sticky Traffic, a work which focuses on patterns in dynamic 

space (s4.3). This latter issue of patterns in dynamic space combined with my interest and 

experience in interaction design to point me towards patterns of interaction behaviour in that 

space.

The aesthetic query of patterns of interaction behaviour in space was my starting point for the 

Ph.D. Thus my interest in interaction behaviour was to be pursued through research and 

practice into interactive art; while the interest in patterns of this behaviour helped to direct me 

to research emergence. An end to this aesthetic trajectory is evident in some New Work created
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during this Ph.D. work: namely the interactive art system +-«ow. As discussed in chapter 7, this 

New Work was found to support emergent interaction behaviours.

In addition to tracing an aesthetic trajectory through my Foundation work, this chapter has also 

described some of the (other) ideas behind my New Work. These are a conceptual agenda to 

facilitate reflective and exploratory participant experience and, as discussed in s4.6, it was 

informed by landscape studies. It resulted in the design intention to use sand as an interface.

In summary, the Foundation and background work presented in this chapter feeds into the 

subsequent New Works in two ways. Firstly, an aesthetic trajectory established through the 

course of my career has directed me to practice and research emergence in interactive art. 

Secondly, the experience of a landscape has informed a conceptual structure which guides the 

creation of the art systems. This has been by placing the focus on participant experience rather 

than visual form; and this experience is one of reflection and exploration. The New Works 

created in response to this conceptual agenda are +-now and its predecessor, Glass Pond. They 

are now described.
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5 NEW WORKS
5.1 INTRODUCTION
The new work presented in this thesis constitutes two interactive artworks and a technical 

innovation that came out of their creation. These three contributions are presented here.

The interactive artworks are Glass Pond (2005) and +-now (“plus minus now”, 2008). They are 

the artefacts that indirectly support the generation of knowledge while at the same time retaining 

importance in their own right, as was described in chapter 3. This chapter builds on the practice 

methods reviewed in chapter 3 to describe how these artworks were made. Thus where chapter 3 

described what the practice methods are, this chapter describes how they were implemented in 

order to create this new work.

This chapter is also very strongly linked with the next chapter, chapter 6. This is because while 

this chapter (5) presents the artefacts in terms of practice, describing their form and how they 

were made; chapter 6 presents the studies that were conducted using them. In summary, this 

chapter presents the ‘New Work’ and the next chapter presents the ‘New Studies’ of participant 

interaction with these new works.

Broadly speaking, this chapter is structured into two halves. The first half describes the artworks 

and the second half explains how they were made. Thus each half deals with different aspects of 

the two new artworks, Glass Pond and +-now.

These new works are operational hardware and software systems. Both use sand as the interface 

for interacting with the work, qualifying them as instances of Tangible Computing (s2.3.G). 

Both works also include interactive, real-time, three-dimensional (3D) computer graphic 

imagery. This imagery is projected on a wall screen in front of the sand interface. In +-now the 

imagery is also projected on the sand, qualifying it as an Augmented Reality display (s2.3.F).

These interface and configuration similarities as well as others are due to similar aesthetic 

intentions, or conceptual structures, behind the work. As was described in chapter 4, Glass 

Pond's conceptual structure originated from a natural landscape. Due to the iterative nature of 

my Practice-based research approach this conceptual structure has undergone many iterations 

and ‘reframings’. Thus the rationale that informed +-now is different yet related to that which 

informed Glass Pond. The most significant difference in conceptual structures between the two 

works is the issue of emergence. That is, the conceptual structure evolved and emergence 

surfaced as a creative concept behind the work and also as a research topic.
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The way I became aware of and interested in emergence is a key issue to this PBR effort. This 

chapter deals with it in three ways. It is also discussed later in chapter 7. The discussions 

address different aspects of emergence as a PBR issue. Firstly, in s5.2 an overview of the ideas 

behind the work describes how many of these ideas converge on emergence. Secondly, in s5.4, 

‘becoming aware of emergence’ I describe this as occurring through the construction of the 

artefact; particularly the use of opacity and layering in the visuals of both Glass Pond and +- 

now. Thirdly, in s5.7.A it is described from the vantage point of ‘reframing’. This is focused on 

how the study findings from interaction with Glass Pond iterated and reframed the conceptual 

structure to lead me to emergent experience. Lastly s7.4 provides details and further reflections 

on the progression of these Glass Pond exploratory findings to the concept of emergence.

As a result of the ‘evolution’ of concepts, Glass Pond and +-now share some of the same 

aesthetic concepts and design implementations. In some senses, +-now is itself a more refined 

and evolved work than Glass Pond. Specifically, -\--now is the core artwork of the thesis 

submission: it is the more considered artwork; it involved the most effort in terms of practice 

and is the core artefact of this PBR effort. It is therefore also the core focus of this chapter. 

However, despite this primary importance it is presented after Glass Pond. This adherence to 

chronology is because it grew out of Glass Pond; and the chronological approach enables me to 

clarify the significant link between the two works: emergence.

The evolution of concepts that led me to emergence is discussed first in s5.2. The interactive art 

system Glass Pond is then described (s5.3). This description is accompanied by a DVD with 

documentation of the work (see also Appendix A). Following this description of Glass Pond is a 

discussion that focuses on how emergence came out of the Glass Pond artwork to inform the 

creative agenda for +-now (s5.4). +-now is described next, in s5.5. DVD documentation and 

Appendix A similarly complement this discussion.

The third new work: the technical innovation that was mentioned above, is then described. This 

is a novel method for creating emergent shapes that came out of the creation of +-now (s5.6).

Following the descriptions of what the art systems are and why they are this way, is a discussion 

of how they were made (s5.7). This discussion focuses on design problems encountered during 

practice and gives an example of a key design problem. This illustrates how methods described 

in chapter 3 were implemented. A table summary of other design problems, their evolution 

through the Practice-based research process and the resulting outcomes are also included in 

Appendix B.

This outline of the chapter has raised two issues needing qualification. Firstly as was stated in 

s3.2.A, documentation on the DVD can convey an understanding of the artworks described here 

but personal and directly physical interaction with them is required for proper understanding.
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Secondly, due to my aesthetic the description of what the work is implicitly contains the 

rationale of why it was made in this way. Therefore the description of each work is framed by 

its conceptual structure.

5.2 CONCEPTUAL STRUCTURE & ITERATING 
TOWARDSEMERGENCE

For me, the conceptual structure is a rationale that relates the elements of the work together. In 

my practice I consider the conceptual structure to be ‘open’. That is, it is an organised set of 

ideas that cannot be exhausted by any one artefact. In this section I provide a global view of this 

‘aesthetic program’. This is intended to complement the more detailed mentions of concept that 

follow because it facilitates appreciation of how the different elements of the work tie together. 

The discussion concerns both Glass Pond and +-now since, as described above, +-now is an 

iteration of Glass Pond.

The conceptual structure consists of several overlapping concepts which run in parallel. All 

began with the landscape studies and efforts that preceded the start of the Ph.D., as summarised 

in s4.6. This landscape is repeatedly referred to in the artworks but with varying degrees of 

abstraction. This landscape comprises a lake. Some aspects of the site and lake are of greater 

interest than others, for example the sand and the reflections on the water are strong influences 

on Glass Pond.

The reflections on the water led me to the idea of shifting focus to accommodate both 

perception of what was under the water, such as leaves; and that which is on the surface, such as 

the reflections of clouds and dappled light (as discussed in the background work in s4.6 and 

represented in Figure 18 and Figure 20). This shift in focus had accompanied my own reflective 

state at the site; hence it became a concept behind the work. In particular, it would inform the 

‘dappled light’ image component of Glass Pond (s5.3.C.l).

This was informed by theoretical research into interactive art and interaction design (as 

reviewed in s2.3). In this way theory combined with landscape studies to raise design concerns 

for the creation of Glass Pond such as attracting and sustaining participant interest and shallow 

and deep interactions. In particular I reframed my concept to now interpret the experience at the 

site (and the design aim) to be deep, wide and sustained rather than shallow or narrow 

interaction and experience. That is, I considered a sustained, deep and wide interaction to be 

able to support an exploratory and reflective participant experience. (My theory driven PBR 

approach was described in chapter 3 and these design concerns are discussed in s5.3.B.)
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The conceptual structure changed again subsequent to the creation of Glass Pond. In particular, 

once it had been evaluated in an exploratory study, those findings were assimilated into my 

thinking and the concept evolved. The Glass Pond exploratory study findings are detailed in 

chapter 7. Briefly, they include participant behaviours such as composing with the system, 

finding it unpredictable and frustrating and emergent goals. This led me to the concept of 

emergence, which is creative, surprising, new and unpredictable, as explained in 0.

Emergence thus became a design agenda for the creation of +-now.

However, the concept for +-now continued to evolve. This was through the ensuing research 

into emergence literature as well as additional landscape studies. The concept was subsequently 

refined in two ways. Firstly, it was extended to inform the behaviour and colour of the image. 

This was by drawing on the behaviour of light on the water, as it had been observed at the lake 

site (see S5.5.C.1 and Figure 27). Secondly, issues of ambiguity and illusion were developed. 

Additional landscape studies revealed aspects of image ambiguity (in addition to the earlier 

concept of ‘perceptual tension’ which had informed Glass Pond, described above). Specifically, 

I found that I was able to interpret emergent shapes in the landscape. For example, diamond 

shapes could be interpreted from the ‘knees’ or aerial roots of the Bald Cypress tree as they 

protrude out of the water (Figure 19) (see also the Background Work on the DVD).

Figure 19 Photograph, Seevinck 2007. Aerial roots from the Bald Cypress tree combine with their shadows on 
the water to create diamond shapes.

Another, early concept has since confirmed my interest in emergence as something I have been 

moving towards. This other concept began with the first landscape studies conducted in 2003, 

prior to the Ph.D. As described in s4.6, at that time I attempted and failed to distil a typology of
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form from the site. Instead, the site seems to exhibit an infinite variety of form, texture and 

depth. I have since reframed my understanding of this place - and of nature in general -as 

‘open’. That is, this infinite richness and variation is due to its open-endedness. I further 

re framed the concept to firstly, relate emergence to open-endedness and thereby integrate open- 

endedness into my conceptual structure. Open-ness is described in s2.2.A.10 and s2.3.D and this 

reframing has also been discussed in Seevinck and Edmonds (2009).

Open-endedness, emergence and my work and concepts grew still tighter together as my PBR 

effort continued. Specifically the conceptual structure surrounding the landscape, my artwork 

and the ideas of emergence and open-endedness became stronger through parallel theoretical 

investigations. These investigations revealed that sand, the interface to my work, is used in 

psychotherapy and its origin there is attributed to Floor Games, the short story by H.G. Wells 

(1911) that was discussed in s2.3.D. Like the simple blocks in Wells’ games, sand is a versatile 

material that can be used in many ways. Thus while Wells’ story does not mention sand it does 

describe a quality that sand possesses: openness.

Concrete art and the Constructivist movement (s2.2.B.2) further informed the concept behind +- 

now. This came about in reflection on the work. It can be used to understand how emergence 

and unpredictability were resolved in the interactive artwork, as is discussed in chapter 8.

5.2.A SUMMARY
This section has dealt with the conceptual structure in two ways. Firstly, some of the key aspects 

of this conceptual structure have been described. Many of these aspects have also been 

explained as converging on emergence. Other parts of this thesis describe the way emergence 

became of interest: s5.4 discusses it in terms of the construction of the artefacts; s5.7.A 

discusses it in terms of reframing the concept based on the exploratory study findings and s7.4 

discusses it directly in terms of these findings.

The second point is that the conceptual structures for each of Glass Pond and +-now have each 

been described. For the former, the conceptual structure was concerned with sustained, deep and 

wide interaction and a perceptually ambiguous image to support an exploratory and reflective 

participant experience, as found at the landscape. Later on, for +-now, the conceptual structure 

is where issues of unpredictability, anticipation, creativity, open-endedness and the complexity 

of the natural world, emergent shapes and Constructivism all converge.

5.3 GLASS POND
Glass Pond is the first of two interactive art systems created during the doctoral program. It was

inspired by landscape studies conducted during artist residencies. These landscape studies and

the early conceptual structure that they inspired have been discussed in chapter 4 (s4.6, see 
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Figure 15-Figure 18). As described there, those preliminary efforts pre-dated the Ph.D. study. It 

should also be noted that while many of these and other conceptual aspects of the work have 

contributed to its form, they were not necessarily pursued in subsequent practice and research. 

Specifically, those conceptual issues relating to attracting and sustaining participant interaction 

and deep, shallow, etc. interaction have informed Glass Pond but were of less interest as 

reframing took place and the concept of emergence surfaced (s5.4). Thus discussion of these 

concepts ceases at the end of this chapter.

The appearance, behaviour and technical specifications of Glass Pond are now described. This 

discussion begins with the conceptual structure of the work (s5.2) This is followed by 

descriptions of the installation (s5.3.A), the intended interaction experience (s5.3.B), audio and 

visual elements (s5.3.C) and technical specifications (s5.3.D).

Figure 20 Glass Pond imagery constitutes a ‘dappled light’ background and the ‘geo-forms’ figure (left)

5.3.A INSTALLATION

Glass Pond was installed at the Creativity and Cognition Studios at the University of 

Technology, Sydney in December 2005. The work consists of a timber framed tray with a blue 

base, approximately 1000mm long x 700mm wide and 150mm deep. The tray is covered in wet 

brown river sand. The participant interacts with the work by moving the sand around. The sand 

tray is positioned on a table in front of a rear-projection screen. This screen displays computer 

generated imagery. The system also has a non-interactive sound component.

Video sensing is used to detect clearings in the sand. Video sensing is achieved through a digital 

video camera located above the sand tray and pointing down at it. The video image is sent to the 

Glass Pond software application where image analysis is done in real-time. Imagery is 

generated in response and displayed on a wall screen using a projector. This image conveys a 

plan view of the sand tray. That is, clearing sand on the left side of the tray will affect imagery 

on the left side of the screen. The installation and sensor set-up are shown in Figure 21.
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5.3.B INTERACTION EXPERIENCE

Sand is the interface for participant interaction with Glass Pond. Glass Pond can therefore be 

characterised as an instance of Tangible Computing (s2.3.G). Sand is a familiar material to most 

people, yet unusual in a gallery or museum setting. These qualities combine with its tactility to 

make the sand an ‘attractor’ to the work. As described in s2.3.B, attractors create participant 

interest and draw them to an artwork initially. Other affordances of the sand include its 

familiarity to people and ability to sustain continuous interaction. Familiarity indicates that as an 

interface it would be readily understood. Continuous interaction is similarly familiar: everyday 

interaction between one’s body and the world uses continuous gestures. Examples of continuous 

gestures facilitated by Glass Pond are pouring sand or sweeping an arm or hand through it. 

Continuous interaction is reviewed in s2.3.G.

In addition to this continuous and tangible interface Glass Pond comprises two parts. These are 

a ‘dappled light’ image and a ‘geo-forms’ (geometry forms) image. Each image addresses a 

different design problem. The problems are concerned with designing to attract (1) and sustain 

(2) participant interest, respectively. These issues were identified by Edmonds, Muller and 

Connell (2006) and are discussed in s2.3.B. My design response draws on Don Norman’s 

characterisation of interaction, particularly his notions of shallow (a) and deep (b) interaction 

behaviours (2002). In Glass Pond the dappled light image is intended to facilitate a shallow 

interaction that is relatively easy to interact with and which, in turn, contributes to it being 

attractive. Conversely the geo-forms image is intended to support a deeper interaction whose 

complex behaviour sustains participant interest

The dappled light image is detailed in the next section. Briefly, it contains a photographic image 

of leaves silhouetted against the sky. Where the surface of the sand tray is covered in sand, this 

photograph is covered in black. Interacting with the interface to clear areas of sand away 

‘reveals’ areas of the photograph or of ‘dappled light’. The interaction facilitated by this image 

is shallow because it is responsive, familiar and easily comprehended in its entirety. The 

shallow nature of this element is intended to make the work easily accessible. This was expected 

to increase its attraction to participants. Furthermore, the revealing behaviour it can sustain is 

consistent with the conceptual aim of facilitating an exploratory, reflective interaction 

experience.

Gestures in the sand also affect the geo-forms image though not as directly as the interaction 

with the dappled light image. This is because the geo-forms are more abstract in their visual 

representation and feature less direct relationship between their behaviour and the participant 

gesture than the dappled light image. Specifically, they are an abstracted history of participant 

interaction. Their behaviour is surprising and challenging facilitating deep interaction (Norman,
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2002). Designing for deep interaction was intended to sustain participant interest in the work. 

This, in addition to the behaviour of the geo-forms image was intended to facilitate reflective 

behaviour as in the conceptual structure (s5.2) In summary, the sand and the dappled light 

image enable shallow interaction behaviours which is intended to attract participants to the work 

and facilitate exploratory and reflective experience; while the geo-forms image enables deep 

interaction task and this sustains their interest while also facilitating exploratory and reflective 

experience. The two images are now described in more detail.

5.3. C AUDIO AND VISUALS

This section describes the audio and visual elements of Glass Pond in terms of their form, their 

behaviour, the driving concepts and the key techniques that were used. Technical details for the 

images are described at the end (s5.3.D below).

The sound component of this work consists of a recording of a stream of running water; non

interactive and looped for continuous play back. The reference to water is reasoned to relate the 

work to the landscape and conceptual structure.

The visuals consist of two images, dappled light and geo-forms. They have some similarities: 

both are dynamic interactive images, both render a plan view of the sand tray and both use the 

video as sensor input. The two images differ in the geometry that is generated from this video 

signal. They also differ in their behaviour and relations to Glass Pond’s conceptual structure.

5.3. C.1 Dappled light
The dappled light image is rendered as a plan view of the sand tray so that gestures made in the 

sand correspond directly to changes in the image. For example, where a gesture clears sand on 

the left side of the sand tray and reveals its blue base, the dappled light imagery appears on the 

left side of the screen. The areas of the sand tray that remain covered in sand correspond to the 

shadowy, black areas on the screen. This is shown in Figure 22.

The dappled light image consists of two planar geometry objects: ‘BG’ (background) and ‘Live 

mat’ (live material). As shown in Figure 22 and Figure 23, the BG object features a static 

photograph applied to the flat grid. This photograph is a silhouette of leaves against the sky that 

resembles the reflection of trees on the water. It was taken at the lake site that inspired the work 

and evokes the dappled light there.

The Live mat object is a direct representation of gestures in the sand. It has a dynamic, live 

video image applied to it as a texture (Figure 22 (2)). This is a real-time video data feed of 

participant interaction with the sand (Figure 22 (1)). It comes from the camera shown in Figure 

21 and is manipulated in the computer. Here it is filtered and changed into a silhouette image 

with transparency corresponding to areas where the blue base of the sand tray are revealed. This
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uses the video analysis process described in S5.3.D.2. As gestures clear areas of the blue base of 

the sand, the Live mat object becomes transparent in the corresponding area on the screen. This 

reveals the BG object behind Live mat; that is it reveals the dappled light image (Figure 22).

5.3.C.2 Geo-forms
The Geo-forms (geometrical forms) image is the second visual component of Glass Pond. It is 

made up of three-dimensional (3D) geometry rather than the two-dimensional (2D) geometry 

planes of the dappled light object. Each geo-form is a dynamic, three-dimensional polygon 

generated by summing and manipulating a series of previously detected two-dimensional 

shapes. These shapes are extracted from gestures made by the participant in the sand. 

Specifically, the shapes correspond to the shape of clearings in the sand where the blue base has 

been revealed. Thus a gesture revealing the dappled light image also contributes to the geo

forms image.

While the response following a gesture in the sand from the dappled light image is immediate, 

the response experienced from the geo-forms image is delayed. The latter also has a more 

’drawn out’ behaviour in comparison to the immediately responsive behaviour of the dappled 

light image.

The delayed and drawn out behaviour of the geo-forms image results from the transparent and 

persistent nature of the geo-forms object. That is, participant gestures generate highly 

transparent 3D geometries. These transparent shapes appear to flicker. They have been called 

“ghosting” by one participant in the exploratory study of Glass Pond (7.3.B.4) (see s5.3.D on 

the Point operation).

As the participant interacts with the sand interface the shapes in the sand change. While the geo

forms geometry also changes, its render persists for a few seconds after the shape (sensor) input 

has expired. The persistence is due to the use of temporal modelling techniques using the ‘trail 

sop’ in Touch (Hermanovic and Bairos, 2000). This software class can retain a history of 

previously calculated geometries. In Glass Pond each shape in this historical ‘trail’ of shapes is 

made transparent. Furthermore, as is detailed in s5.3.D.3, many of these ‘trailing’ shapes remain 

at the original position of the original geometry. They are also transparent. This coincidence 

causes an opaque and brightly lit object to be perceived; that is it creates the appearance of a 

solid geo-forms object.

Despite appearing to be delayed, the geo-forms object actually begins rendering as soon as a 

gesture is detected. This is the flickering imagery whose rendering is highly transparent and 

slowly accumulates to become opaque. This flickering imagery continues for six seconds or 

until one of the shapes is rendered to appear as an opaque, bright and solid object, at which time 

the flickering stops (because the trail operation re-starts). The flickering is absent until a new 
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gesture occurs, that is, until a new shape is generated. When a new gesture has been detected, 

the flickering restarts and continues until a new opaque geometrical form has replaced the 

current one. Thus the opaque image renders every six seconds or six seconds after a gesture.

Because the geo-forms are a delayed response to the participants’ gesture their behaviour may 

not seem to correspond to a gesture; and therefore may also not be perceived as predictable. 

However, given that the forms have their origin in participant created shapes; these retain some 

familiarity to the participant.

The geo-forms image affirms the conceptual structure behind the work in two ways. Firstly, the 

complexity of the forms and behaviour is high; producing a variety of unpredictable forms. This 

was thought to approach the complexity found in nature. The unpredictability is facilitated 

through the delayed rendering and abstracted three-dimensional form. The variation results from 

the continual variation of participant gestures.

Secondly, the geo-forms image also aims to sustain participant interest. This is through visual 

interest (generated by image complexity) and through challenge (from something that is both 

familiar and difficult to control), thereby facilitating a deep interaction task.

The above descriptions of the art system’s images and behaviour have provided an aesthetic and 

technical overview of how the system was designed and how it works. The technical details are 

now given.

5.3.D TECHNICAL DETAILS

This technical description provides details to the above discussion. It references the application 

overview diagram in Figure 21.

The software API (application programming interface) that was used to create the Glass Pond 

application is Derivative’s Touch (Hermanovic and Bairos, 2000) running on a Windows XP 

platform (Microsoft, 2001). The Glass Pond application runs at 60 frames per second. It uses a 

live video feed from a digital video camera positioned above the sand tray (Figure 21). This 

video is transformed with some sampling and manipulation procedures. The application also 

comprises three geometrical models, as shown in Figure 22 and Figure 23. The first BG object 

is a static background that does not respond to the video input feed. The other two objects, Live 

mat and Geo-forms are dynamic, interactive models that do respond to video input. In the Live 

mat object the geometry references a material. This material includes a texture map of real-time, 

manipulated video data.

As Figure 22 shows, the combination of Live mat and BG objects makes the dappled light 

image; while the geo-forms object corresponds to the geo-forms image. The geo-forms object 

geometry is generated from live video data. This video data is from the camera and manipulated
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using a series of operations including the Trail operation, described above and the Trace 

operation which converts an image into geometry (Hermanovic and Bairos, 2000). All three 

geometry objects are combined, illuminated and rendered to the screen. These and other 

procedural modelling operations are detailed in s5.5.D.3 following a brief overview of the 

concept.

The remaining technical discussion begins with details about the sensor set-up. This is followed 

by the key operations, algorithms and variables used for the creation of each of the three 

geometry models. It should be noted that the modelled objects used in this application are 

continually changing and updating. That is, the operations and variables described below are 

continually redefined and recalculated. This is necessary because participant interaction changes 

the shapes ‘sensed' by the camera and the ensuing geometry topology.

5.3. D.1 Sensor
The sensor used in Glass Pond is a digital video camera. The camera uses sends the digital 

video signal to the computer through a fire wire interface. Camera and signal are in NTSC 

format (30 frames per second at 720 x 576 pixels). The camera is suspended from the ceiling 

above the sand tray and looks down at the sand. The camera views the sand, the blue base of the 

tray and participant interaction with the sand (for example their hands). The sand tray is lit 

evenly from the left and right of the participant’s interaction to minimise the impact of shadows 

on the video sensor’s performance. (Figure 21). The video image acts like a sensor because the 

blue areas are made sensitive to interaction. This is achieved through analysis of the incoming 

signal.

5.3. D.2 Video analysis
The same video analysis operations are used for both dappled light and geo-forms. That is, real

time video data travels from the camera into the computer via a fire wire interface. The 

incoming video stream is sampled in real-time at 64 x 64 pixels and mirrored horizontally so 

that the projected image corresponds to the participant’s point of view. Finally the video signal 

is manipulated so that the blue pixels (from the blue base of the sand tray) become transparent.
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Figure 21 Interaction with the sand is illuminated by room lighting and sensed using the video camera.
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Figure 22The video image of the sand (1) to generate 3 digital objects and (2) combining into a composite screen image (3).
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Figure 23 Diagram showing the scene graph for the Glass Pond art system software. The software takes video image input 

through a video transformation stage. The video acts as sensor input to affect the Live mat and Geometrical forms objects. 

In contrast the third BG object is static and passive.
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5.3.D.3 3D geometry and shading 

Procedural Modelling
Procedural modelling is a dynamic, highly flexible approach to modelling. Procedural models 

are often defined algorithmically, with parameters and can take into account the environment 

surrounding the model, such as its proximity to other objects. In addition to this flexibility, 

procedural models also save space. For example, defining a model by specifying the creation of 

a sphere with 200 polygons is much easier than listing each vertex that makes up that sphere 

individually. The former approach is procedural while the latter is not. The former is also more 

flexible to future change (including real-time interaction with the sphere, or animating it), and it 

takes up less space to store (Foley, van Dam, Feiner and Hughes, 2004:1018).
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BG model
As mentioned earlier this background object is static and non-interactive. It has a texture image 

applied to a 2D plane (Grid operator). The texture image is a photograph from the site and it is 

applied to the plane using a simple Phong shader.

Live mat model
As was also discussed earlier, this object renders a black silhouetted view of participant 

interaction with the sand. It is a 2D plane with a video texture. The geometry consists of a 

polygonal mesh. The video texture is a referenced material. This material consists of a Phong 

shader using a video texture map.

This Phong shader uses the manipulated video data from the video operation stream (above, 

s5.3.D.2 (1). This image is then changed into a black image with transparency (alpha) by 

overwriting the constituting red, green, and blue channels with the alpha channel (Swap 

operation). The black and alpha image produced is applied to the grid object, resulting in the 

Live Mat video texture (Figure 22 (2))

Geo-forms model
The geo-forms geometry also uses the manipulated video data that came out of the video 

operation stream (above, s5.3.D.2 (1). This black and alpha image is converted into procedural 

geometry model using the trace operation. The trace software class samples an image to 

generate “...a set of faces around areas exceeding a certain brightness threshold” (Hermanovic 

and Bairos, 2000). In Glass Pond the trace operation creates surfaces from the video data. The 

surfaces are the same shape as the shapes in the video image.

The flat surfaces produced through the trace operation are procedurally manipulated to create 

three-dimensional objects. This procedure involves sorting the point numbers according to their 

proximity to the centre of the object geometry (its centroid). This is done by firstly using the 

transform operation to generate the centroid variable; and then using the sort operation to re

order their points relative to the newly assigned centroid variable. For example in the reference 

Ch(“../transform/$CEX”), the x value of every incoming point is sorted relative to the centroid’s 

x coordinate ($CEX).

Three point operations are now applied to change the topology, colour and transparency of the 

geometry. Firstly, the height of each point is changed according to a function of that point’s 

current position in Z, sin, and the point number. This is through applying the following equation 

to each point’s position in Z:
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Equation 1

$TZ- $TZ-(sin($PT/20))*.13
Where the height follows the Z axis; $TZ is the position of a point in the Z axis and $PT is its point 
number

Secondly, point colour is also set to change with point height. This is done with the following 

expressions: for each point’s red colour component set it to ($BBZ-.l); for each point’s green 

colour component set it to ($BBZ-.3); and for each point’s blue colour component set it to 

($BBZ-.4); where $BBZ is the object’s height.

Thirdly, the point operator is also used to change the transparency of each point. This reduces it 

to 30% opacity.

A temporal model is now created using the trail operation. As mentioned earlier this works by 

retaining samples from the incoming geometry in memory and renders them as a trail. Here the 

trail consists of 30 geometry ‘echoes’ at 90 second intervals, but only four of these echoes ‘trail’ 

behind the original. This is because the process resets every 7 seconds. As a result the majority 

of the echoes remain stationary and coincident at the origin. By remaining coincident the 

accumulation of opacity and emissive lighting creates the appearance of a single, opaque and 

bright shape. In this way the trail operation creates both flickering, transparent and opaque, 

brightly rendered geo-forms.

5.4 GLASS POND TO EMERGENCE TO+-N0W
The flickering and opaque, brightly rendered geo-forms of Glass Pond influenced subsequent 

development efforts, such as leading me to develop a novel method for instantiating emergent 

shapes (s5.5.C.2, s5.6). This development occurred during the creation of +-now, the second 

and core interactive art system of this PBR effort. As described earlier it is also an iteration of 

Glass Pond, sharing the same origin and thus sharing many other conceptual aspects also. As 

described in s5.2, Glass Pond's conceptual structure was concerned with sustained, deep and 

wide interaction and a perceptually ambiguous image to support an exploratory and reflective 

participant experience, as found at the landscape. This was subsequently reframed into a more 

general idea; namely emergence. The surfacing of emergence as a conceptual aim in the work 

can be traced back to a number of other concepts as discussed in s5.2. A primary catalyst for the 

surfacing of emergence was the findings from the Glass Pond Exploratory study. These findings 

include unpredictability, a sense of lack of control, frustration, anticipation and creative 

behaviours. They led me to emergence and contributed to reframing the design concept and 

view of the work. This is discussed in s5.2, s5.4, s5.7.A and s7.4
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5.5 +-NOW
+-now is the core work of this PBR effort. It is also the second work in a series of artworks; 

having developed on from Glass Pond in terms of conceptual structure, appearance and 

behaviour. Like Glass Pond its origins are landscape studies and eliciting a slow, reflective and 

explorative interaction experience in participants. In +-now this latter conceptual structure has 

iterated into a more general interpretation. Here the interpretation of exploration and reflection 

involves emergence. This evolution in conceptual structure is described in s5.2.

This section describes the appearance, behaviour and implementation of the interactive art 

system +-now. It begins with an outline of its physical installation. Interaction design and 

experience (s5.5.B), visual elements (s5.5.C) and the technical details of the implementation 

(s5.5.D) follow. As with the description of Glass Pond, the conceptual structure is also 

described here.

5.5.A INSTALLATION

+-now was installed at Beta Space in the Sydney Powerhouse Museum in 2008. It consists of 

three elements. The first element is the ‘sand box’. This hollow timber pedestal is 1000mm long 

x 700mm wide and 1200mm high. The top of the pedestal is clear glass framed with timber and 

edged with Perspex plastic. This top contains a layer of fine white beach sand approximately 

8mm deep. The second element is dynamic, coloured light projected onto the sand from a 

ceiling mounted projector. The third element is a dynamic monochrome white image that is rear 

projected onto the wall screen. The wall screen is 1.7 m from the sand box. The two projected 

images are wholly synthetic. They are generated by two separate applications running on two 

different computers but sharing the same sensor input. This sensor is a video camera that is 

located inside the pedestal and looking up at the sand. As with Glass Pond, the camera is used 

to register clearings in the sand. There is no sound to the art system. The participant is free to 

move the sand around on the table and, through this mechanism, interact with the work. The set 

up of +-now is shown in Figure 25.
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Figure 24 Installation view of +- now at Beta_Space, May 2008.
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Figure 25 Plan and perspective diagrams of the installation of +-now at Beta Space

5.5.B INTERACTION EXPERIENCE

A sand interface and continuous gestural interaction are two similarities between Glass Pond 

and +-now. However, in +-now the sand is a fine white beach sand rather than the wet brown 

river sand used in Glass Pond. This difference in sand quality reflects a Glass Pond exploratory 

study outcome which was that fine, dry sand could be preferred by some participants (see 

chapter 7). Fine, white sand is also used in +-now because it affords a more detailed image with 

truer colour than the quality of image that can be obtained by projecting on coarse brown river 

sand.

Another similarity between the two works is the use of two visual components. Where Glass 

Pond comprises dappled light and geo-forms images, +-now comprises colour and monochrome 

images. However, while dappled light and geo-forms are on the same screen in +-now the two 

visual elements are in two different locations. That is, the monochrome image is on the screen 

while the second, colour image is projected onto the sand (see Figure 24). This latter, sand 

based image can be described as an augmented reality display, a technology that was reviewed 

in chapter 2.

Like Glass Pond, interaction with +-now samples participant gestures in the sand to compute 

and project the image in real time. Another similarity between the interaction design of the two 

art systems is that both map the gestures directly and using a plan view. That is, a gesture on the 

left side of the sand tray correlates to a response on the left side of the screen (see Figure 29.) 

However, unlike Glass Pond, +-now also samples the direction and speed of each gesture in the 

sand. This additional information about the participant’s gesture contributes to a ‘water-like’ 

behaviour of the colour image. The water-like behaviour is also determined by transparency of 
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the rendered shapes and an ‘echoing’ behaviour. Echoes are created because shapes are rendered 

repeatedly. That is, a stroke in the sand will afford several shapes consecutively layered on top 

of each other. These transparent, layered shapes are analogous to ‘’echoes” in they way that 

they repeatedly render the input data. The echoes outlive the input data, making it possible to 

superimpose a current gesture with one from a few seconds ago. The result is that one can 

interact with a history of one’s gestures. Interacting with an image from a previous gesture is 

similar to singing with an echo of one’s voice.

The echoing behaviour differs between the colour and monochrome images. In the colour image 

the layering of the temporal gestures creates ‘waves’ which, in turn, give the impression of 

water. In the monochrome screen image this layering of temporal gestures enables different 

behaviours and experiences. These are as follows. Firstly, the ability to interact with a history of 

one’s gestures means that one can improvise in time. For example the main evaluation study 

found that participants would create animations in the monochrome image (chapter 7). 

Secondly, the layered transparent shapes add up in opacity to create areas of increased 

brightness. This enables the interpretation of new shapes. Interpreting new shapes or 

compositions is a creative experience analogous to staring at the clouds and interpreting shapes 

and figures there. Like cloud gazing, the interpretation of new shapes can also support a 

reflective experience.

The design agenda behind these works retained an interest in the issues of attracting and 

sustaining participant interest. These issues were addressed in the same way as they had been in 

the Glass Pond study; namely through a two-part interaction experience. Thus the coloured light 

on the sand was intended to attract participants to the work while the monochromes were 

intended to sustain participant interest. The former was reasoned to occur given the unusual 

experience of finding sand in a museum and the liquid and sparkling movement of the imagery. 

The latter was reasoned to be successful based on its ability to facilitate emergence and creative 

behaviours. More details about the two images are now given.

5.5.C VISUALS

The +-now visuals consist of colour and monochrome images. These images have many 

similarities. Firstly, both use the video camera signal as input to the image. Secondly, both 

images represent the plan view of the sand tray and directly map gestures in the sand to the 

image. That is, clearing sand on the left side of the glass will affect the left side of the screen’s 

monochrome image and the left side of the sand’s colour image. Thirdly, both images consist of 

three-dimensional geometry.

The differences between these images and applications are as follows: firstly the interaction 

experiences they afford are different (as described in s5.5.B). Secondly the images are generated

113



two applications running independently and on separate computers. The sensor mapping, three 

dimensional form, colour, texture, transparency and behaviour of the two images are also 

different. The differences are now discussed.

Figure 26 Diagram showing how the video image is used in both applications (a) and (b). In (a), the video generates the 

Colour object which is composited with a background object for display on the sand interface. In (b), the same video 

generates the Monochrome object which is composited w ith a second background object for display on the wall screen.

Colour light 
augmented sand

Monochrome light 
Wall image

5.5.C.1 Coloured light
The coloured light image is created with the colour image application. The colour image is 

projected directly onto the sand. Shapes of coloured light fit the marks made in the sand so that 

the coloured image registers directly with the gestural input. The shapes are generated and 

rendered as the gesture is made that is in real time. The overlay of a virtual image onto a real 

object; which is registered with that object and where this virtual image is computed in real-time 

qualifies the colour image application as an augmented reality application. This follows the 

earlier definition of augmented reality (AR) (s2.3.F).

The use of AR facilitates one of the key characteristics and design intentions of this image. This 

is the liquid behaviour of the image: it can appear to follow a finger trailing in the sand and 

‘well up’ in the sand. The intention for the colour image to behave like water originates from the 

landscape and the conceptual structure

This liquid behaviour is facilitated by two other design aspects. The first of these is the ‘wave

like’ behaviour of the image. It results from repeatedly rendering the shapes derived from the 

input gesture. That is, a stroke in the sand results in the creation of four shapes layered on top of 

one another, consecutively. This echoing behaviour is similar to the behaviour of waves
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washing up on the shore. It relies on a series of video and geometry implementations which are 

detailed in the following technical section, s5.5.D. (See also s5.5.B.)

The impression of water is also - and perhaps most effectively - facilitated by re-creating the 

behaviour of light on water currents. This is achieved through modelling, colour and light. The 

shape that is derived from the input gesture is made into a rippling geometrical mesh. A Phong 

shader with non-real world properties is applied to this model. The Phong shader works by 

emphasising red and green. This is for the functional reasons described in s5.5.D.3 below. It is 

also because they are complementary colours that vibrate and contrast when perceived.

In addition to its manipulation of colour, the Phong shader also creates transparency in the 

object. By enabling the participant to see through the ripples and echoing, overlapping ‘waves’ 

of shapes, the colour is layered; providing visual complexity. Transparency is also a quality of 

water and this reinforces the conceptual structure behind the work and its connection to the 

landscape.

Thus the shader properties combine with the geometry properties and the scene lighting to 

create a colourful, transparent surface with distinctive highlights. The highlights fall on the 

peaks of the rippling geometry to create bright peaks. These bright peaks correspond to the 

sparkling light on the water as shown in Figure 27 and Figure 28.

Figure 27 The sparkle of light on water currents at the Lake in I-Park. Photograph and close-up image. 2007 Jen Seevinck.
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Figure 28 The colour image trails can appear to 'well up' out of the sand, and quickly follows gestures in the sand. Bright 

areas also appear that reference the sparkle of light on the water.

5.5.C.2 Monochromes
The monochromes image is created by a second application running on a second computer, 

independently of the colour image application. The monochrome image application takes the 

same video signal as the colour image application but displays its output to the wall screen.

The monochrome image uses the same echoing behaviour as that used in the colour image and 

which has been described in s5.5.B. That is, a stroke in the sand is rendered multiple times to 

create transparent shapes in succession and layered on top of one-another. However, in the 

monochrome wall image layered transparent areas can be perceived as new shapes or emergent 

compositions. This is because the overlapping monochrome shapes result in areas of greater 

opacity. These areas appear brighter and ‘stand out’; that is they can be interpreted as new 

shapes. The ability to interpret two four-sided polygons as new shapes in Figure 29, frame 5 

illustrates this.
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Figure 29 Gestures in the sand and the corresponding imagery projected on screen in the art system ‘+-nofv’. A gesture in 

the sand (1) creates a shape (2). Another gesture (3) intersects with (1) to create brighter areas and new shapes (4), (5). In (5) 

and (6) the first gesture fades out while the second fades in.

Both Glass Pond and +-now rely on a history of previously detected gestures to create forms. In 

Glass Pond the geo-forms combine and manipulate the previously detected shapes to create the 

individual geo-forms. Thus Glass Pond calculates the individual shapes. In +-now they are not 

directly represented by the system, relying instead on the participant’s perception to exist. These 

shapes can be surprising and new. They can contribute to perceptual emergence. The ability to 

perceive emergent shapes is a key characteristic of interacting with the monochrome image and 

+-now.

Emergent behaviours were also found to occur during interaction with the work (s6.4.B, s7.3.B). 

Emergence was described and classified in s2.2.

5.5.D TECHNICAL DETAILS

This section gives a detailed explanation of the technical aspects of creating +-now. Like Glass 

Pond, +-now was also developed in Derivative Touch (Hermanovic and Bairos, 2000). As 

shown in Figure 31, +-now consists of two slightly different applications: one for each display 

output. These applications are the ‘coloured image’ application and the ‘monochrome white 

image’ application. Both run in real-time and they use the same live video feed from the camera. 

This video image is manipulated using video sampling and manipulation processes before being 

converted into geometry. The geometry then undergoes procedural modelling operations. 

Finally, shading and illumination operations are applied. The completed models from each of 

the coloured and monochrome white image applications are then sent out to the sand and screen 

displays respectively (Figure 31).

Each application comprises two models: a dynamic, interactive model that is influenced by the 

video feed; and a static, passive model that serves as the background. Since the background
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comprises simple primitive geometries with default shaders the technical discussion is restricted 

to the dynamic, interactive models: the coloured object and the monochrome object.

5.5.D.1 Sensor
As in Glass Pond, the sensor used in +-now is a video camera. Here however it is located inside 

a pedestal underneath glass and sand, rather than above the sand surface. The camera looks up at 

the sand from underneath the glass. The sand is lit from above and a white sail is suspended 

above the sand tray. This silhouettes the sand against the white sail, creating a high contrast, 

silhouetted view for the camera. As described in the following section, the thresholds of 

difference in luminance that is in the silhouette imagery enables the conversion of the imagery 

into geometry.

Figure 30 The camera views the sand silhouetted against the white sail. The sand is directly lit by the projector. The room 

lighting and the wall projection are ambient sources of light.

WHITE SAIL

• LIGHTING

PROJECTOR

*, \ CAMERA FIELD OF VIEW
• \ ____

GLASS TOP PEDESTAL WITH

WALL PROJECTION 
SCREEN

CAMERA

5.5.D.2 Video analysis
The Coloured and Monochrome image applications conduct identical video operations. The 

video feed is taken from the camera, through a fire wire interface and into a fire wire hub. The 

hub duplicates the signal to generate an output for each computer. The video data feed is 

sampled by each computer in real time at 64 x 64 pixels. It is then manipulated to account for 

the installation set up environment. This includes cropping unwanted objects and artefacts at the 

edges of the camera’s field of view.
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Figure 31 The two +-now applications, one for the Colour image and the other for the Monochrome image, share the same 

video input and have similar scene graphs. Each application comprises two objects: one static background object and one 

dynamic interactive
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5.5.D.3 3D geometry and shading
Both applications take the sampled and edited video data and convert it into geometry data 

using the trace operation. This operation was also used in Glass Pond but with different settings. 

The settings vary as follows between the two artworks: firstly, the sampling threshold varies. 

This is due to the differences in sensor set up: in +-«ow the camera is positioned underneath 

viewing a silhouette of the sand while in Glass Pond the camera is above viewing a front lit blue 

screen with sand. The implementation of +-now is also optimised for speedier performance by 

reducing the number of points in the newly created geometry.

The geometry is subsequently manipulated with a series of procedures. These operations differ 

between the two +-now applications, though both applications use the current time variable, $T. 

This variable is used to dynamically alter the colour and height of geometry points. The current 

time is calculated relative to the timeline of the application and is a product of the frame number 

and the frame rate. This is illustrated in Equation 2.

Equation 2

$T = ($F-1)/$FPS

Where $T is the current time, $F is the current frame of simulation, and $FPS is the 

specified frame rate.

Coloured light model
The coloured light object is the primary object within the colour image application. It is a 

dynamic, interactive geometry object. It is essentially a stack of randomly deforming polygonal 

meshes with a colourful Phong shader.

The coloured light geometry is derived from the shapes of gestures made in the sand. These 

shapes have been translated from the video image into geometrical shapes using the video and 

trace operations described above (s5.5.D.2 and S5.5.D.3).

The divide operation is then applied to subdivide the shapes and create points within their 

boundaries. This modelling operation is followed by the noise operation which is used to set the 

diffuse colour value of each point to change randomly with the current time ($T, see above). 

The point operation is now applied to the procedural model. It deforms all the point positions in 

height (Z) according to that point’s colour.

The next procedure is a second noise operation. This sets all the point normals to change 

randomly using Hermite noise and with the current time. A second point operation also follows, 

deforming all the point positions in height according to that point’s normal. Transparency is also 

set. A transform operation is then used to reduce the height of the geometry; followed by a trail
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operation. The trail operation is also used in Glass Pond (s5.3.D.3). The resulting procedural 

geometry is an interactive, temporal model.

This temporal model is then illuminated and rendered to the screen. This involves taking 

account of the point colour, normal and transparency attributes defined during the modelling 

stages. As described in the noise and point procedures above, the point colour and normals have 

been set to change dynamically over time and this facilitates continually changing lighting. The 

lighting contributions from the scene lighting are also taken into account. These virtual lights 

were set to re-create the light of the sun and directly illuminate the geometry with white light.

Lastly, a shader is applied to the object. This Phong shader has non-real world properties which 

are listed in the following table. It permits the geometry to reflect red highlights where the scene 

lights illuminate it, absorb all diffuse colour (creating a shadow) and emit green light (act like a 

light source), simultaneously. At the peaks of the rippling geometry the addition of colour 

becomes very bright. This is due to the digital primary colours (red, green and blue) which 

combine to increase light, that is they add to white (see Figure 32). These bright peaks correlate 

to the sparkling of light on the water (refer to discussion in s5.5.C.l and Figure 27 and Figure 

28).

Table 7 Parameter values for Colour light object's Phong shader. The values used here fall outside the real world value 

range, which is from 0 (no light) to 1 (maximum light). Transparency also varies from 0 (transparent) to I (opaque).

Red Green Blue

Diffuse liqht component -1.8 -1.5 -1.5
Specular light component 2 -1.45 -1.9
Emit light component .02 .2 .1

Figure 32 Digital primary colours add to create white.

Monochromes model
The monochrome object is the primary object within the Monochromes image application. It is 

a dynamic, interactive geometry object. It is essentially a stack of deforming polygonal meshes.

As in the colour object, the monochrome geometry is derived from the shapes of gestures made 

in the sand. These shapes have been translated from the video image into geometrical shapes 

using the video and trace operations described above (see S5.5.D.2, S5.5.D.3).

Geometry resulting from these video and trace operations does not, by default, have the ability

to render transparently. The point operation is therefore used to assign a constant transparency 
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(alpha) value to each polygonal point generated in the model. This is followed by randomly and 

dynamically changing the height (Z) position of each point; using the noise operation. 

Randomness is created through the application of a Sparse noise function while this is made 

dynamic by animating this noise function. That is, it uses the current time variable defined 

above in S5.5.D.3. Another point operation is then applied to deform all the point positions in 

height (Z) according to that point’s colour.

The last modelling stage involves the Trail operation. It creates a trail of geometry from an input 

source. A sample of the preceding geometry can be specified and will be retained by the 

application for rendering. This operation was also used in Glass Pond. In the creation of the 

monochromatic imagery however, the trail is 8 frames long, and samples at increments of 30 

frames. This produces 8 geometry ‘echoes’ at roughly one second intervals.

The modelling procedures are followed by illumination procedures. At this stage the 

transparency of each shape is set to 10% and the scene lighting illuminates the objects with a 

direct, white light. These lighting properties are then combined with the shader that is applied to 

the object. This is a Phong shader. This Phong shader is a highly reflective and shiny white 

material that also emits white light. The result of all of these lighting parameters is a transparent, 

white object illuminated in a flat and even way. Here overlapping areas have increased opacity 

and brightness resulting in the ability to perceive emergent shapes. This was shown in the ability 

to perceive rectangular shapes in frame 4 of Figure 29 (see also chapters 6 and 7). The 

interpretation of new, emergent shapes is now detailed.

5.6 NOVEL METHOD FOR CREATING 
EMERGENT SHAPES

The construction of the new shapes in +-now draws on emergent shape research in the design 

community. This community has expressed an interest in instantiating emergent shapes because 

it can facilitate creative design. The community also features research efforts into the methods 

by which emergent shapes can be created using the computer. These have been described in 

chapter 2. One of the approaches to creating emergent shapes decomposes a source image into 

an intermediate representation. This decomposition can be based on line or area.

In +-now, a novel approach to decomposing using area is taken. This is the use of opacity and a 

history of participant gestures. That is, gestures in the sand result in corresponding transparent 

shapes being rendered on the screen. The transparent shapes are layered, overlapping with one 

another. The areas of overlap between these transparent layers are more opaque and stand out
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visually as brighter areas. In this respect they are similar to the new triangular shape that 

emerges from the intersecting squares in Figure 33.

This is evident in Figure 29. The two brighter shapes that appear in frame 4 of this figure are 

new forms. They are made up of layers of transparent shapes produced from the gestures. The 

transparent shapes add together to create the bright, new shapes. The bright shapes in frame 4 

and 5 can be considered as something new that wasn’t directly implied by its context; and as 

wholes that are greater than the sum of their parts. The parts are the layers of transparent shapes. 

The whole is an emergent shape. These emergent shapes are classified as extrinsic perceptual 

emergence (s2.2.B).

Figure 33 A triangular shape emerges perceptually from the interaction (overlap) of 2 squares.

5.7 CREATION OF THE ART SYSTEMS
The methods and techniques used for the practical component of this thesis were explained in 

s3.4. This section draws on that explanation to discuss their implementation in the creation of 

the art systems.

The early stages of creating the art systems/constructing the artefacts involved drawing and 

photographic techniques. This was for the landscape studies, to describe and interpret this 

landscape and, in so doing also inform the creative concept and design problem behind the art 

system. Where the photographs are unambiguous representations they also serve as 

documentary evidence of this conceptual process. Drawing also had another purpose - it 

enabled me to explore design ideas continually through the creation of the artefacts, such as the 

configuration of sand table to screen, participant height and camera focal length.

Journals were also used to write down observations and reflections, thus generating situation 

talk-back. Reading them and reflecting on these entries would then enable me to reframe the 

creative problem. Journaling was done on paper accompanied by drawings as well as 

electronically, on a ‘Blog’.

Digital image synthesis and (predominantly) procedural modelling techniques were selected in 

creating the artworks. Adobe Photoshop software was used to manipulate digital photographs, 

drawings and computer renderings to the appropriate images for the work while Derivative, Side

Effects Houdini and Autodesk Maya software tools were used to create virtual three 
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dimensional objects. These three-dimensional objects were mostly created using procedural, 

rather than data modelling techniques due to the flexibility of form and animation inherent in 

procedural modelling techniques (s5.3.D.3).

Prototyping was also a key part of the creative process. It was used for detailed and complex 

aspects of the artefacts construction, for example, to test out options for tracking the 

participant’s gesture or mapping between this gesture and the artwork behaviour. The 

interactive art system Glass Pond can be considered an exploratory prototype that was reviewed 

(as per the iterative Reflection-in-action cycle) to generate situation talk-back. Evaluation of 

participant interaction with this prototype (i.e. the exploratory study of Glass Pond) also 

resulted in situation talk-back through that study’s findings (s7.3.B). In listening to all the 

situation talk-back I would reframe the design problem and make creative decisions for the next, 

new art system, +-now.

This process of framing and reframing was used extensively in the creation of the art systems. It 

resolved (and evolved) design problems and hence the artefacts themselves, as explained in 

s3.2. It is also evident in the similarity between +-now and Glass Pond. As discussed previously 

(s5.2 and s5.4), the conceptual framework that initiated Glass Pond was iteratively reframed and 

finally informed the creation of +-now. Since the concept evolved from Glass Pond to +-now, 

the latter art system is an iteration of the former.

A detailed example of how one key design problem was addressed using PBR methods is now 

provided. This began with the question of how to facilitate an exploratory and reflective 

experience for the participant; a key design issue for the creation of Glass Pond. It evolved into 

the question of facilitating emergence; a core issue for +-now and this thesis.

5.7.A REFRAMING TOWARDS EMERGENCE

This section details the iterative application of Practice-based research methods to one design 

problem, ultimately leading to the concept of emergence. This initial design concept was 

concerned with facilitating exploratory and reflective experience in the participant. It originates 

from the conceptual structure developed prior to starting the Ph.D. (s4.6 and s5.2). The 

predominant method used in addressing these design problems or concepts is ‘reframing’ 

although other methods from Reflection-in-action, Iterative design and Grounded theory 

methods are also used. They are applied using the Iterative Reflection-in-action spiral described 

in chapter 3 (Figure 9). Other design and conceptual problems are included in Appendix B.

The example design problem “How can I facilitate exploratory and reflective experience in the 

participant?” was first addressed by investigating literature relating to the affordances of 

materials and interactive art issues while creating the art system Glass Pond in parallel. The 

process generated new questions including “How can I sustain participant interest in the work?” 
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This newly reframed problem became the first step of another iteration of the spiral structure. It 

was addressed by further practice and theoretical investigations into interaction design and 

interactive art literature. The question of sustaining participant interest was reframed into 

another design problem, the design criterion to create a deep or wide interaction task. This 

became the first step of yet another iteration of applying PBR methods to make Glass Pond.

Glass Pond was also informed by other design problems. Several iterations of Practice-based 

research methods were implemented before it was completed. Subsequent to its completion, 

Glass Pond was evaluated in an exploratory study. This study revisited the earlier design 

problem and purpose behind the work, which is the issue of facilitating exploratory and 

reflective experience in the participant. The Glass Pond exploratory study is detailed in chapter 

6. Its findings include participant’s perceiving a lack of control over the system; unpredictability 

in the artwork’s behaviour and the emergence of goals. These are reported in si.3.

The study findings influenced the design thinking so that it continued to evolve. The question of 

reconciling study outcomes relating to control, unpredictability, creativity and goal emergence 

became of particular interest. Investigating emergence and interaction design literature reframed 

the question. Emergence theory was found to provide a framework within which these outcomes 

could be addressed and explored.

The design problem then became “How to create emergent interactive art systems?” This 

involved further theoretical investigation into emergence and interaction design literature. 

Aesthetic and technical studies towards the creation of the art system +-now were also 

conducted. The question was once again reframed into a new problem. This set of early design 

criteria for an emergent, interactive art system included the following:

• A deeper consideration and reconciliation was needed of certain aspects of the interaction 

experience. These are unpredictability, control, usability and creativity.

• The system should facilitate creative interaction by the participant, without becoming a 

tool.

• Something new and surprising should occur during interaction.

The subsequent question was to implement these design criteria. They were applied to the 

creation of +-now. Interaction with this work was subsequently evaluated in an exploratory 

study and in a main study to investigate participant experience in terms of emergence and these 

design criteria. The studies are described in the next chapter (6) and their findings reported in 

chapter 7.
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5.8 CONCLUSION
This chapter has presented three new works and described the conceptual thread - in particular, 

the concept of emergence - that ties them together.

The three new works are (1) the interactive art system Glass Pond and (2) the interactive art 

system +-now which is the core work and focus of this thesis. These two art systems were each 

initially described in s5.3 and s5.5, respectively. After this the implementation of the methods 

for practice was discussed (s5.7). The art systems are new and original artworks and the 

artefacts of my PBR effort. As described in s3.2.A the artefacts support knowledge generation 

through Reflective Practice, evaluation and as examples for a deeper understanding of the 

research issues. This is in addition to their own gravity as independent, creative efforts.

The third original contribution came out of the creation of +-now. It is a novel method for 

substantiating emergent shapes (3). It builds on previous research into the computational 

modelling of emergent shapes through intermediate representation using area, though it differs 

by using opacity in image layering and by being constructed across time (s5.6).

The discussion in this chapter has also involved several conceptual and design issues; including 

the origins of emergence. This was firstly by describing the evolving conceptual structure 

behind the art systems which shows that several concepts converge at emergence (s5.2). 

Emergence was also described as coming out of image rendering techniques (s5.4) and out of 

iteratively reflecting-in-action; that is from iteratively reframing the question of how to create a 

reflective and exploratory participant experience (s5.7.A).

The question of reflective and exploratory participant experience was the primary design 

problem and concept behind Glass Pond. It would inform the research aims of the subsequent
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exploratory study. For example, since the artwork aims to facilitate a reflective and solitary 

experience, the study focused on single person interaction. Furthermore, the research questions 

that came out of practice of making Glass Pond and which were used to evaluate interaction 

with the work are “Is the dappled light an attractor?” and “Do the geo-forms images support 

reflection and exploration?” as well as the more open question “What is the nature of participant 

experience with Glass PondT ft

The issue of reflective and exploratory experience remained of concern to +-now. Hence its 

studies were similarly concerned with solitary, individual interaction with the work. +-now was, 

however, primarily concerned with participant experience of emergence. Thus the research 

questions that came out of practice and the preceding exploratory study of +-now to evaluate 

interaction with the work are “Does the participant experience emergence?” and if so, “What is 

the nature of this emergent experience?” “What type of emergence do they experience?” as well 

as secondary questions such as “Does the participant enjoy the feel of the sand?”

These questions were used in the studies of participant interaction with the works. These 

evaluation aims and the studies generally, are discussed in the next chapter.

ft Here the term ‘attractor’ and ‘attracting’ are used in the sense used by Edmonds, Muller and Connell 

as ‘attracting’ participants to the artwork initially (EDMONDS, E. A., MULLER, L. & CONNELL, M. 

(2006) On Creative Engagement. Visual Communications, 5, 307-322.) This is explained in s2.3.B.
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6 NEW STUDIES

In chapter 1 the research scope includes the participant’s experience of emergence (sl.l). This is 

addressed through studying evaluations of interaction with the art systems created for this thesis. 

Three such evaluations have been conducted. While all three studies are discussed here, the 

primary focus of this chapter is to discuss the third, main study. This is a study of participant 

interaction with the art system +-now. Its aim was to understand participant experience with +- 

now. It involved collecting 30 sets of verbal accounts of participant experience which were 

accompanied by a video record. The data was collected using observation, interviewing and post 

event protocol (video cued recall) methods. It was subsequently analysed using Grounded 

theory methods. The implementation of these methods is based on the discussion of my 

methodology detailed in s3.2.C and s3.5.

The main study of +-now was preceded by two exploratory studies. The first of these studies 

was an exploratory study of Glass Pond and is described in Seevinck, Candy and Edmonds 

(2006). The second study was also exploratory. It concerned participant interaction with the art 

system +-now and is described in Seevinck and Edmonds (2008). This second study, the 

exploratory study of +-now was a preliminary investigation to the third, main study. This main 

study is of participant interaction with +-now.

I will deal with the studies in chronological order and show my approach of iteratively 

reflecting-in-action where each subsequent step informs the next (s3.3). Thus I begin by with 

the two exploratory studies prior to focussing on the main study. The following descriptions of 

study aims, data collection and analysis methods used (s6.2, s6.3, s6.4.A) therefore first discuss 

these exploratory studies. After that, the bulk of the chapter is concerned with the main study 

(s6.4.B).

6.2 AIMS
The aims of the first exploratory study of Glass Pond have come from practice and were 

described above (s5.8). It was concerned with rapidly scoping out participant experience of 

Glass Pond generally while also having a specific interest in finding out if reflective and 

exploratory experiences were had. Thus it asked “What is the nature of participant experience 

with Glass Pond?” “Is the dappled light an attractor?” and “Do the geo-forms images support 

reflection and exploration?” System configuration, design and interface issues were also studied
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since they contribute to participant experience. The study was designed to facilitate solitary, 

individual interaction with the work since this corresponded to the aesthetic intention behind the 

system (as discussed in s5.8.)

The second exploratory study of +-now was intended to rapidly scope out an understanding of 

participant experience with the art system +-now, in particular any experiences of emergence. 

So it asked “Does the participant experience emergence?” and if so, “What is the nature of this 

emergent experience?”

Lastly, the main study aimed to find out more about participant experience of emergence. Thus 

it involved asking “Does the participant experience emergence?” and if so, “What is the nature 

of this emergent experience?” and “What type of emergence do they experience?” This latter 

question relates to the classifications of emergence in interactive art proposed in Seevinck et al. 

(2006). Other research aims were concerned with the system configuration, design and interface 

issues and include asking questions like “Does the participant enjoy the feel of the sand?” and 

“Is the work easy / straightforward or difficult / hard to interact with?” Finally, the exploratory 

and main study aims of +-now, like those of Glass Pond, correspond to the aesthetic intentions 

behind these works. That is, the studies were designed to sustain the intended reflective and 

solitary participant experience of the work. Specifically, the field studies were constructed to 

support solitary interaction with the work, researcher observations were done as unobtrusively 

as possible and interviews were conducted “one-on-one”. These techniques and the studies as a 

whole, are described in more detail in the following section.

6.3 STUDIES
The methodologies, methods and research approach used in this project have been detailed in 

chapter 3. This includes the use of an inductive research approach and exploratory studies 

(3.2.C). Similarly the selection of empirical data collection methods for pursuing understanding 

was explained in s3.2.C.l and s3.2.C.3. Table 8 below summarises the data collection methods 

used in each study.

Tabic 8 Summary of empirical data collection methods used for each of the three participant studies. This table draws on the 

summary of techniques in Table 1.

Study Observation technique Technique used to solicit 
user opinions

Contextual evaluation 
technique

Glass Pond exploratory 
study

Indirect observation from 
the side of the room

Semi-structured interviews; 
Questionnaires

Field study at CCS studio

+-now exploratory 
study

Direct observation Prompted interviewing Field study at artist’s studio

+-now main study Indirect observation using 
a video camera

Post event protocol; Semi- 
structured interviews

Field study at Beta_Space
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As shown (Table 8) the techniques changed between studies. Indirect observation was used for 

the first exploratory study of Glass Pond and the main study in order to minimise the observer’s 

influence on the participant’s behaviour. Direct observation was used for the second exploratory 

study of +-now; enabling the rapid collection of data.

The techniques used to solicit participant opinions also differed across the three studies. In the 

first, exploratory study of Glass Pond, semi-structured interviews and questionnaires were used. 

These were used to explore a range of issues making them consistent with the study’s aim to 

explore participant experience in a range of ways. In addition to addressing the research issues, 

unanticipated issues could also be addressed. For example participants could volunteer issues. 

On the other hand the second exploratory study of +-now used prompted interviewing 

techniques. Prompts included aesthetic and design options and this technique made it possible to 

discuss these options in order to explore the potential for perceiving emergence in the work. 

Finally the main study used a post event protocol technique. This technique enabled the 

collection of reflective data. That is it enabled the participant to describe the intentions, thoughts 

and feelings they had during their interaction. This was necessary in order to understand 

participant perception of the work; a primary aim of the study. Semi-structured interviews were 

also conducted in the main study. These allowed specific issues to be addressed while also 

giving the participant the opportunity to volunteer information, steer the conversation and for 

unanticipated issues to surface.

The three evaluation studies are now described. The discussion extends the summary of data 

collection methods given in Table 8 to discuss evaluation protocols, participants and type of 

data that was collected as well as provide details about the data collection techniques. As 

discussed at the start of the chapter, while the bulk evaluation effort is the on the main study of 

+-now it was preceded by two exploratory studies. This discussion therefore begins with brief 

descriptions of these two exploratory studies before focusing on the final, main study.

6.3.A GLASS POND EXPLORATORY STUDY

This exploratory evaluation used field studies. These were conducted at the Creativity and 

Cognition Studios (CCS). The participant and the evaluator were the only people present. The 

evaluator observed the interaction while seated at a table to the side of the room. A participant 

interacted with the work for up to 20 minutes and the total session length averaged 30 minutes. 

Each participant commenced with the work in a set ‘starting condition’ and without any 

guidance or introduction. The starting condition is pictured in Figure 34 below. As shown the 

image on the screen is black except for a small circle of the dappled light image. The sand is 

evenly spread except for the centre where a small circle reveals the blue bottom surface of the
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tray. It is intended that a participant correlates the hole in the sand with the circle of dappled 

light in the centre of the screen.

6.3. A.1 Data collection
Data collection relied on indirect observation of participant interaction with the art system and 

soliciting their opinions about the work. Indirect observation was achieved through video 

recording participant interaction with the work. The recordings were reviewed by the researcher 

after evaluation was complete. Semi-structured interviews and questionnaires followed 

immediately after each interaction session. These were used to gather participant opinions. The 

interviews were concerned with the following issues: how quickly the participants interacted, if 

they used large versus small gestures, the degree to which they touched the work such as using 

finger(s), hand(s) or arm(s), where they were looking, if they occluded the sensor, if any system 

instabilities occurred and what, if any questions were asked. During the interviews the 

participant also had the opportunity to make comments or ask questions. This discussion was 

audio recorded and followed by a paper based questionnaire. This questionnaire consists of six 

questions. They are open questions asking about observations and experiences of the work in 

general, in terms interaction with it, in terms of its materials and its installation design.

6.3. A.2 Participants and data samples
The study comprised seven male and female participants aged between 25 and 50. The 

participants were invited colleagues and friends of the researcher. They had expertise in arts, 

technology or a combination of these. The data sources were video and audio recordings and the 

paper based questionnaires. A transcript of observed participant interactions with the art system 

and dialogue with the interviewer was compiled for each participant. This transcript 

accompanied the questionnaire to make a profile for each participant. A sample profile is 

included Appendix C. Video excerpts from this study are also included on the DVD, under the 

Glass Pond menu item.

Figure 34 The starting condition for the exploratory study of Glass Pond.
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6.3. B -NOW EXPLORATORY STUDY

This evaluation involved a field study conducted at the artist’s studio. The participant and the 

researcher were the only people present. The evaluation involved an introductory discussion 

about the work. This preliminary discussion covered the work’s conceptual background and the 

use of sand as an interface. The participant was subsequently directed to the sand column. She 

stood in front of it to interact with the work. From here she could see system imagery rendered 

on the sand and also on a laptop monitor screen on top of a table, in front and slightly to her left. 

The installation relied on a laptop screen for display of the monochrome image instead of the 

large wall projection. A period of unobserved interaction with the piece (10 minutes) followed. 

When the researcher returned she was asked what she was doing and thinking at that time. This 

open interview was conducted in parallel to interaction with the work (another 20 minutes).

6.3. B.1 Data collection
Data collection relied on observing participant interaction with the art system directly and 

noting her comments and actions down. This was followed by an open interview where she was 

asked for comments or thoughts on the work and her interaction with it. Creative artefacts and 

alternative implementations of the work were shown to the participant to prompt this discussion 

and explore its potential. I also noted down the participant’s responses and questions during this 

discussion.

6.3. B.2 Participant and data sample
The participant of this study is an expert and a peer. She is a professional visual artist in her 

sixties. She was selected for the evaluation because she could provide aesthetic insight into the 

work thereby facilitating the exploration of its potential. The data generated by this study 

constitutes researcher notes of the observed interactions and discussions.

6.3. C -NOW MAIN STUDY

This evaluation study comprises the bulk of the evaluation research of this thesis. It was 

conducted at BetaSpace in the Sydney Powerhouse Museum. BetaSpace has been designed as 

a near naturalistic setting. That is, it supports the study of interaction with artworks without the 

constraints of a laboratory type setting. Thus this main study used contextual methods; 

specifically field studies. During the evaluation session the participants interacted with the 

artwork +-now on their own. This interaction was recorded on video. Each evaluation session 

began once the researcher had directed the participant to the art system and started the video 

recording. The participant had been told to take their time interacting with the art system and 

that the researcher would wait outside until they were finished. If prompted by a participant, 10 

minutes was said to be a good duration for interaction with the work although the participant

was assured they could continue longer or leave earlier. When the participant had finished they 
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were taken to another place for the post event protocol and semi-structured interview. Only the 

participant and researcher were present at this time. This discussion was also recorded on video. 

Participant interaction with the work varied from two minutes to one hour and averaged 10 

minutes duration. The entire evaluation session varied from 10 minutes to two hours.

6.3. C.1 Data collection
Data was collected through indirect observation of participant interaction and soliciting their 

opinions of the work. The video recordings were used to support the indirect observation and 

post event protocol and semi-structured interviews were used to solicit opinions. The post event 

protocol involved participant and researcher jointly viewing the video recording of the 

participant’s interaction on a television. The participant was asked to describe what they were 

thinking and doing during that viewed moment of interaction. The video tape would sometimes 

be paused, rewound or fast-forwarded to facilitate discussion of points of interest. The 

participant was occasionally asked to point things out on the television screen that they were 

discussing. A semi-structured interview followed the post event protocol. This interview used 

the 14 questions listed in Table 9. Most of these questions are openly framed and concern the 

participant’s observations, interpretations and experiences of the work. Closed questions were 

also used to address demographic issues such as age and occupation.

6.3. C.2 Participants and data samples
The study comprised 30 male and female participants aged between 18 and 60. This group 

comprised both invited participants and volunteers who were visiting the museum. The data 

sources were video and audio recordings. Observations, post event protocols and semi- 

structured interviews were transcribed and combined to create a profile for each participant. A 

sample profiles is included in Appendix D.

Table 9 Interview questions used for +-now main study

Number Question

1 What was displayed on the big screen?
2 Generally describe your interaction with the work
3 What did you think of set-up?
4 Like interacting with the sand?
5 Find interacting with the work easy or hard?
6 Can you describe the relationship between the image and your interaction?
7 How would you describe the work to a friend or partner who hasn’t seen it before?
8 Would you recommend the work to someone else?
9 Would you return to interact with it again?
10 Do you think the work is playful? If so, in what way?
11 Did it remind you of anything?
12 Age
13 What do you do for a living?
14 Do you use or do any drawing such as to explore concepts?
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6.3.D SUMMARY OF STUDIES

This section has described the three studies conducted. These are two exploratory studies and 

one main study. The three studies relied on similar data collection techniques of observation and 

soliciting opinions within a contextual investigation. These are summarised in Table 8 and have 

been detailed. As discussed, appendices C and D contain sample profiles for the Glass Pond 

exploratory study and for the +-now main study, respectively. The DVD also contains video 

clips of participant interaction with the works.

The analysis of this data is now described.

6.4 ANALYSIS
This section describes the implementation of Grounded theory methods which were explained in 

S3.2.C.3 and s3.5.C. This description covers data analysis for the exploratory study of Glass 

Pond and the main study of +-now. The exploratory study of +-now was brief, informal and 

preliminary to the main study and not analysed.

Data analysis involved up to eight stages. As shown in Figure 35, the Glass Pond exploratory 

study used the first five stages while the main study of +-now used all eight stages. Outcomes 

were also produced; that is the coding schemes and the analysis findings.

6.4. A ANALYSIS OF GLASS POND EXPLORATORY STUDY

6.4. A.1 Preparing the data (1)
The data generated here was audio-visual and paper-based. Data preparation (1) involved typing 

up paper questionnaires and digitising and converting the audio visual recordings for viewing in 

Windows Media Player. Participant comments and interviews were then transcribed using 

Microsoft Word. A transcript of observed participant and system behaviours and comments 

made during interaction was also created. This was done by reviewing the interaction videos 

and noting down events in chronological order. The time of each event and snapshots from the 

interaction video were included. All of this data was assembled into a profile for each 

participant. The profiles were reviewed and annotated.

Specifically, an event listing was constructed and displayed using a matrix (s3.5.D.l). This 

involved listing the interaction events in chronological order. Each event was broken down into 

sub-events; that is, descriptive categories of that event. The sub-events are participant 

movements and intentions, the behaviour of the art system’s components (dappled light and 

geo-figures) and the state of the sand. Thus the categories came out of the data in a way that is 

consistent with the Grounded theory approach. The matrices were constructed in Microsoft 

excel. An extract from one case is shown in Table 10 below.
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Table 10 Extract from a within-case display of Glass Pond study data.

Interaction
behaviour

Event description Participant Art System

Movements Intent Touch
sand?

Dappled
Light

Geo
figures

Sand

Inspection

Inspects the sand tray and table, 
stepping back, forward etc. Waves 
hand over central hole, glances at 
screen.

Look, wave Inspect No
contact

Starting
condition

Starting
condition

Starting
condition
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Figure 35 The analysis stages used in the exploratory study of Glass Pond (B, shaded) and for the main study (C, all).

Consult external literature to 
create codes (5)

Composite Coding 
Schemes 
Table 11

Emergence Coding 
Scheme (
Table 15)

A re-coding ‘map’ from 
Composite to Emergence 
codes (Figure 36)

Re-coding and 
testing for 
emergence (6)

Non-emergent Findings 
(Chapter 7)

Emergent

Analysis process used in Glass Pond & +-now

Analysis process used +-now analysis

Outcome
Display
(Cross-case)(8)

Annotate, memo (2)

Classify type of 
emergence (7)

Prepare data (1) 
Compare General 
and Emergence

Display
(Within-case) (3)

Compare Composite 
and Emergence 
code schemes

Consult external 
literature on 
emergence

Consult external 
literature on 
interactive art

Categorise to create 
& apply general 
codes (4)

6.4.A.2
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6.4.A.3 Annotating & memos (2), constructing displays (3)
Annotation (2) involved interrogating the data to identity interesting topics within each case and 

then making notes and writing memos about them. These topics were then organised into an 

event listing. This subsequent step of analysis would display the data within each case (3).

Table 11 Composite coding scheme comprising both cognitive state and movement codes. The master and sub-codes are 

listed from left to right, followed by samples of participant behaviour coded this way.

Master Code Sub-Codes

COGNITIVE STATE CODES

Sample behaviours that are coded under this code

Assessing System Working out how to work it. Visually inspecting; Probing; Tapping.
Identify limitation. Testing resolution, 3D input, and real-time performance.
Completed interactive 
possibilities.

Gestures as image; Engaged with patterns in a feedback loop.

Refer to self Identity reference. Correlate body space to screen space; Recognised hand or 
arm.

Self Conscious Discomfort.
Response Positive.

Negative.
Described Play.
behaviour

Goal or Aim. Looking for something; composing.
Feel in control.

Decide to leave.

Reveal image; Understand what makes the patterns appear; 
predict them.

Clearing Revealing
Covering Obscuring; resetting
Feeling Touching

MOVEMENT CODES

Positioning Walk around, Kneel,
Lean

Postures Look , Pause
Non- Wave Raise arms in front of screen.
modelling

Touch surface lightly Palm glide on sand; palm flat in clearing; still or moving.
Shake dust off hands Clap hands; remove jewellery mid-interaction.

Modelling Stroke Hand or finger/s strokes; sweeping arm motion; brushing with fingers; 
trailing fingers.

Cup Mound; scoop
Pick up Grab; scoop
Drop
Pat, Push / pull
Dig , Mound,
Repeat a movement

Throw; sprinkle; pour

6.4.A.4 Creating the coding scheme (4) and consulting 
external literature (5)

Coding schemes (4) were subsequently generated from the data and the final, composite coding 

scheme is shown in Table 11. This involved extracting and summarising the participant’s 

interaction behaviour for each event of the previously constructed displays. This was added in 

another column on the matrix. For example in Table 10 the term ‘Inspection’ summarises a 

specific interaction behaviour occurring within an event.
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Interaction behaviours were subsequently compared across the profiles to find recurrences. 

These would become codes. Similar codes were then grouped together into higher level 

categories or ‘master’ codes.

The process of coding also involved consulting relevant, external literature (5). Specifically the 

coding scheme generated from an interactive art system study by Costello et al (2005) was 

compared to the codes that came from the Glass Pond data. A final, composite coding scheme 

was created. This incorporates codes from this literature with the codes that came out of the 

Glass Pond data. Thus it consists of codes for cognitive states: for example clearing, covering, 

feeling and self-conscious; and movements: for example positioning, modelling or sand 

interaction, non-modelling and interaction postures|J.

6.4.A.5 Summary of analysis of Glass Pond exploratory study
This section (s6.4.A) has described the analysis of the Glass Pond exploratory study data. This 

analysis follows the first 5 stages of the process illustrated in Figure 35. An outcome from this 

process is a composite coding scheme for Glass Pond (Table 11). The findings from the analysis 

process include exploring the possibilities for interaction and composing images interactively 

with the work as well as difficulty controlling and predicting the behaviour of the geo-forms 

images. The findings are reported in s7.3.B and a significant implication of these findings; that 

is the issue of emergence, is discussed in s7.4.

The remainder of this chapter focuses on the core evaluation effort: the main study.

%f A modelling gesture is defined as an elastic, deforming movement where the shape of an object 

changes BOWMAN, D. A., KRUIJFF, E., LA VIOLA, J. J., JR. & POUPYREV, I. (2004) 3D User 

Interfaces Theory and Practice, Boston, Addison-Wesley.
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6.4. B ANALYSIS OF THE ‘-NOW MAIN STUDY

The +-«ow main study generated audio-visual data for 47 participants. Like the analysis of the 

Glass Pond exploratory study, analysis for the main study follows through the first five stages 

of analysis shown in Figure 35 and produces a composite coding scheme from +-now data. 

However the main study analysis also involves an additional three stages of analysis. These are 

testing for emergence (6), classifying the type of emergence (7) and constructing cross-case 

displays (8). All eight stages are now described as used in the main study.

6.4. B.1 Preparing the data (1)
Analysis of the main study data began with data preparation (1). This involved reviewing the 

integrity of each data record and discarding cases that lacked integrity such as incomplete 

interviews, corrupted data files, and cases where more than one participant was interviewed at a 

time. The result was 30 individual participant interaction sessions, or ‘cases’ with clear and 

complete data sets. During this process notes about the nature of the interaction session were 

also made. These memos noted down anything interesting that happened during an interaction 

session such as any instances where participants perceived emergent shapes in the imagery. The 

audio video data and memos were subsequently digitised and imported into Nvivo qualitative 

data analysis software for analysis (QSR, 2010). The recordings were transcribed and a profile 

was compiled for each participant. A sample profile is included in Appendix D.

6.4. B.2 Annotating and writing memos (2)
The next stage of analysis involved reading and annotating the transcripts and writing memos 

(2). During this process the data was reviewed line by line. Annotations involved identifying 

interesting and repeating events and anything related to the research aims. Examples of topics 

that were identified during the main study are shown in Table 12.

Table 12 A list of some of the topics identified as being of interest. These topics are from the main study data.

perceive shape
pattern in sand
light pattern - white
light pattern - coloured
assessing the system
moving pattern or shape
sand interaction
Two hands in sand swirling
hand down
wall image
metamorphosis

feeling thinking 
making something 
goal or thoughts 
unplanned action 
stage
past experience reference 
suggestion from P 
process of perceive shape 
sound
even out the sand 
flashing imagery

Recreate interactive experience 
interaction generally 
system responds 'autonomously' 
joy
I'm not happy
completely blank screen so I could start from afresh 
clearing it out to spread the movement 
perceiving shapes changes behaviour 
maximum colour, colour gratification 
interact with imagery through sand
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Table 13 Similar topics were grouped together and then coded. These topics are also shown in Table 12. They originate from 

the main study data.

Group name Code Similar entities from the participant displays that led to the code

Participant Model interact with imagery through sand, even out the sand, sand interaction,
behaviours: pattern in sand, two hands in sand swirling

Create/Compose making something, clearing it out to spread the movement,
Emotion Joy, I'm not happy
Reference system responds 'autonomously' (anthropomorphism of system), past 

experience reference
Start or goal goal or thoughts, unplanned action, maximum colour, colour gratification, 

completely blank screen so 1 could start from afresh, clearing it out to 
spread the movement, perceiving shapes changes behaviour

Figure it out assessing the system
Repeat recreate interactive experience
Other perceiving shapes changes behaviour, interaction generally

System component: Moving Image moving pattern or shape, flashing imagery, metamorphosis
Image light pattern - white, light pattern - coloured, perceive shape, wall image, 

process of perceive shape
Sound Sound

6.4. B.3 Constructing displays (3)
Within-case displays (3) were constructed to organise and categorise the annotations. Like the 

displays used in the Glass Pond exploratory study, here each profile’s interaction session was 

decomposed into a chronological list of events and topics. However, in the main study network 

displays were created using NVIVO software as opposed to the matrix displays created in 

Microsoft Excel for the Glass Pond study.

During the process of constructing the display, similar items were grouped together into higher 

level categories. As more and more displays for the 30 interaction sessions were constructed, 

each the new topic was compared to the existing categories. This process ensured that the 

categories were representative of the data. It also surfaced new categories. By the time the 15th 

profile had been modelled no new categories were appearing. This is because they had been 

saturated. The saturation of categories is described in is explained in s3.2.C.3.

6.4. B.4 Creating the composite coding scheme (4)
As discussed above the creation of the coding scheme is a cumulative effort comprising 

annotating, writing memos and constructing displays. Annotating involved identifying items of 

interest. These were ‘memo’d’ and compared and similar items were grouped together into 

larger, broader categories. This could be a simple process where the topics were obviously 

related; as in the Pattribute category. This categoiy grouped together information about 

participant attributes. It used some of the interview question data such as age as well as some 

case specific data such as the duration of participant interaction.

The process of creating a code was also more complex where the relationship between the 

topics that were identified was not as obvious. For example, while annotating and writing 

memos, many topics were identified. Later on I saw that many of these related to how an event

started. These are italicised in Table 12. The similarity between these italicised topics led me to 
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induce the start code from the data. This is shown in italics in Table 14. The codes induced from 

the data were also subsequently informed by external literature. This is described next.

Consulting external literature to expand the coding scheme(5)
In addition to inducing codes from the data, they could also be created by consulting external 

literature (5). Literature contributed codes about the body for example, Bmove, Bhold, Gstate, 

as shown in Table 14 (Bilda, Candy and Edmonds, 2007, Bilda, Costello and Amitani, 2006, 

Costello, Muller, Amitani and Edmonds, 2005).

External, theoretical literature on emergence was also consulted and used to generate a second 

coding scheme specifically for emergence. This extracted the classifying qualities (New, Parts 

and so forth) from the literature and taxonomy of emergence in interactive art as sub-codes 

(s2.2, s2.2.B respectively). It is shown in Tablel5. That coding scheme was applied using a 

mapping scheme (Figure 36). The mapping scheme re-coded the data from the point of view of 

the emergence literature. Emergence literature was also used to then classify any instances of 

emergence which may have been found.

These coding and mapping schemes are now described.

6.4.C CODING SCHEMES FOR *-NOW
In summary, analysis of +-now produced a composite coding scheme and an emergence criteria 

coding scheme. The composite coding scheme was largely induced from the study data but also 

draws on some theoretical literature. The emergence criteria coding scheme draws on 

emergence literature. Thus the final codes used for the main study analysis comprise six high 

level categories across two coding schemes: thought, object, body, miscellaneous, participant 

attributes and emergence criteria (Table 15).
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Table 14 Composite coding scheme induced from data and external literature. Definitions are taken from Oxford (2008).

Master code Sub-code - definition and description of how it is used

Thought

Object

Misc
Body

PAttributes

Start - how the event started for example cause (if any), goal, goal-less, intention, etc.,
Association - association or lack of association, analogy, metaphor, past experience, given a name
Emotion - Feeling
IS- Interesting item/sum of things
IS’s include:
Shape - a shape or composition has been perceived and described as such by participant 
Figure out - “reach an understanding of.”
Neaten - “1 tidy or carefully arrange.”
Clear - “4 free of obstructions or unwanted objects”
Play - “engage in games or other activities for enjoyment rather than for a serious or practical 
purpose.”
Explore - “1 travel through (an unfamiliar area) in order to learn about it.”
Compose - “1 create (a work of art, especially music or poetry). 2 constitute or make up (a whole). 3 
arrange in an orderly or artistic way.”
Reverse 2 make (something) the opposite of what it was.”
Reflect think deeply or carefully about.”
Perceive - perceive a feature of the work; perceive -“become aware or conscious of through the 
senses.”
Other
Image - either coloured light or wall screen or both 
Sand
ObOther- pedestal interface, sensors, signage, museum context, people in space, etc 
Repeat (helps to identify behaviours and feedback) “occur again in the same way or form”
Bmodel - interact with the sand, touching it.
Bmove - move not touching sand 
Bhold - sustain a movement or pose 
Bdust - dust hands off
Gstate - describe general state for example feel cold, warm 
Gender
Age - “Q12.Age” (from an interview question)
Living -“Q13.What do you do for a living?” (from an interview question)
Drawing bg - had a background in drawing “Q14.Do you use or do any drawing such as to explore 
concepts?” (from an interview question)
Made marks - observed to make marks during interaction
Expertise - participant expertise within the areas of art, design or digital technology 
Return - “Q09.Would you return to interact with it again?” (from an interview question)
Duration - duration of the participant's interaction session

Table 15 Coding scheme for emergence was generated from external literature. Definitions are taken from Oxford (2008)

Master code Sub-code - definition, usage

Emergence New - “not existing before; made, introduced, or discovered recently or now for the first time.”
criteria Qualitatively new to what was there before for example named

Un-Pred -relates to the spontaneity of the event and whether it is predictable or unpredictable 
Whole - “a thing that is complete in itself.”
Parts - “a piece or segment which is combined with others to make up a whole.” For example the 
sand or the affordances of the sand, where the sand is a part of the whole work 
Feedback - “the modification or control of a process or system by its results or effects.”
Ref-Cone - Either refers to an event or does not; as in “existing in a material or physical form; not 
abstract.”
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Figure 36 Mapping scheme used to test composite codes for instances of emergence criteria codes. A solid line means that the 

emergence criteria code applies while a dotted line means this is only a possibility.

Map key:

------- Possibility of

-------- Equals

Table 16 Classification of the type of emergence relies on two emergence criteria codes, feedback and ref-conc.

Code Feedback 
(Feedback from 
whole to parts?)

Ref-Cone
(References something 
or is it a new 
construct?)

4A Concrete Extrinsic Perceptual 
(e.g. a musical melody)

No feedback Concrete

4B Referenced Extrinsic Perceptual 
(e.g. the interpretation of the star shape in Figure 2, or the 
interpretation of other emergent shapes from overlapping rendering 
of gestures as in +-now)

No feedback Referenced

4C Concrete Intrinsic Perceptual
(e.g. new strategies such as bluffing in Poker)

Feedback Concrete

4D Referenced Intrinsic Perceptual
(e.g. the Interpretation of emergent shapes during a feedback 
process such as the heartbeat animation in +-now, the interpretation 
of shapes whose meaning is changing from feedback of their 
interpretation, during the design process of the lotus bicycle)

Feedback Referenced

In addition to the coding schemes a mapping scheme (Figure 36) and classification table (Table 

16) were also constructed. These were used to test for incidences of emergence and then, if 

these had been identified, classify them. This is explained next.

6.4.C.1 Re-coding and testing for emergence (6)
After the main concepts have been induced from the data the mapping scheme is introduced. 

The mapping scheme enabled me to view the data (and codes) through a ‘lens’ of emergence. It 

involved testing and re-coding as follows: relevant codes were reviewed to see if they could 

map across to emergence criteria codes. This is shown in Figure 36. For example, any instances 

of the start code were reviewed and where the context of that coded data supports this re

interpretation, this item was then re-coded as new and pred.
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The mapping system also correlates emergence criteria codes internally; that is some emergence 

criteria codes may imply instances of others, depending the context surrounding that event. 

Thus a selection of the emergence criteria codes were revisited and recoded. The mapping 

process is now explained in detail.

The mapping scheme
As stated, re-coding using the mapping scheme followed the initial ‘bottom-up’ coding from the 

data. Re-coding means the first coding pass can be conducted without ‘contamination’ from 

theoretical concepts which may not be wholly appropriate (Glaser and Strauss, 1967:36-37) 

(See also S3.2.C.3). The mapping scheme also made it easier to work with the intertwined and 

complex facets of emergence.

The mapping scheme of composite to emergence criteria codes is shown in Figure 36. There are 

two kinds of mapping processes relating the coding schemes: equal and indicative. Thus where 

a composite code such as reveat indicates that the emergence code feedback may be applicable, 

this needs additional interrogation of the data and context to find out if it is, in fact so. On the 

other hand where a general code such as IS equates to the emergence code parts, the definition 

of the first code necessarily implies the second code (an event coded as an ‘Interesting Sum’ by 

definition implies that it is made up of one or more parts).

As mentioned earlier the map is also used to re-map emergence codes to one-another. This 

involves reviewing any instances of the emergence sub-codes new, whole and parts to see if 

they can also support the codes of Un-Pred, and feedback. Thus there are two stages of coding 

for emergence criteria: (1) from general to emergent criteria and (2) from emergent criteria to 

emergent criteria codes. All the emergence criteria were identified through this mapping 

process.

Where emergence criteria are identified, additional analysis is required. This additional analysis 

is to determine if the situation is clearly emergent or not. If it is clearly emergent then the type 

of emergence that is present also needs to be established.

For something to be emergent it must meet three essential criteria. During data analysis these 

criteria are embodied by the codes whole, parts and new. Emergence is defined and these 

criteria of it are explained in s2.2, s2.2.A.3. They can be summarised as follows:

There must be a whole, something which is greater than the sum of its parts.

There must be parts that make up the whole

This whole must be something new and heterogeneously different to what was there before.

Thus something which has been coded as whole, parts and new is emergent. Where all three

codes are not present the event or object under consideration is considered to be non-emergent. 
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For example, behaviours that were properties of the parts rather than the collective whole; or 

usual and expected behaviours often found during interaction with interactive art systems are 

non-emergent. These ‘other’ behaviours that were found are reported in s7.3.B.4 and s7.3.B.5.

6.4. C.2 Classifying the emergence (7)
The events that have been classified as clearly emergent undergo further analysis. This is to 

determine what type of emergence is present. This stage of classification tests for an additional 

two emergence codes: feedback and reference. The result classifies the emergence in terms of 

the taxonomy of emergence in interactive art (s2.2.B). That is, incidences of these codes would 

further define the event as 4A, 4B, 4C or 4D as shown in Table 16.

6.4. C.3 Constructing displays (8)
The final stage of main study data analysis involved the construction of displays (8). Cross-case 

displays were constructed by clustering together items of interest. For instance, interaction 

sessions where emergence had clearly found to occur were grouped together and compared 

against those where it was not clearly evident. This resulted in two clusters. Selected variables 

were identified within each of these clusters and used to direct comparisons. For example, the 

incidences of participant expertise (drawn from the Pattribute codes) within each of these two 

clusters were counted and displayed in a pie graph (Figure 42). Other themes, encompassing 

drawing and mark-making were also investigated. This relied on the expertise, drawing 

background and mark-making codes (Table 14). Theming, clustering and counting tactics are 

explained in s3.2.C.3 and s3.5.D.2. Cross-case comparison displays used pie graphs constructed 

in Microsoft Excel software. The displays are presented, along with all the study findings in the 

next chapter (chapter 7).

6.5 CONCLUSION
This chapter has described the implementation of evaluation methods in order to investigate 

participant experience of +-now and its preceding art system, Glass Pond.

Three evaluation studies have been discussed. The +-now main study is the most significant of 

these since it is the most extensive study. It grew out of the two preceding exploratory studies.

The first study is the Glass Pond exploratory study which aimed to understand reflective and 

exploratory participant experience with that artwork. Its outcomes include a coding scheme 

(Table 11) looking at things like assessing the system and modelling movements. Its findings 

include issues surrounding the tactility of the sand, unpredictable behaviour of the geo-forms 

images and creative behaviour of the participants; all of which are reported on in the following
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chapter (s7.3.B). The Glass Pond exploratory study findings also directed me towards 

emergence as a conceptual agenda for +-now and as a research topic (s5.2, s5.4).

The interactive art system +-now was studied twice. Firstly a preliminary, informal study aimed 

to find out if it was possible to experience emergence with +-now and what would this be like? 

It was found that the participant did, in fact, experience emergence and this is described in 

s7.5.B. This showed the potential for emergent experiences during interaction with +-now, 

something which was followed up in the main study.

The main study is the core concern of this chapter and of the thesis’ evaluation research. It 

followed on from the preliminary study to further investigate emergent experience with +-now. 

It sought confirmation of emergent experience while interacting with +-now, aimed to classify 

instances of emergence, aimed to understand participant experience of the sand and the ease or 

difficulty of their interaction, and so on. The findings corresponding to these aims are reported 

next, in chapter 7. Most significantly, emergent experience during interaction with the work was 

confirmed: 16 out of the 30 interaction sessions or 53% of participants were found to clearly 

experience some form of emergence (s7.6.B). In addition to generating findings this main study 

also bore outcomes; namely the composite coding scheme and the emergence criteria coding 

scheme with its associated mapping scheme (Table 14, Table 15, Figure 36 respectively).
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7 STUDY FINDINGS
7.1 INTRODUCTION
This chapter describes the findings from the evaluation and exploratory studies. These findings 

are empirical evidence to support knowledge outcomes. They address the second research area 

scoped in chapter 1; that is, they facilitate understanding participant experience of emergence. 

For example, evidence of emergent participant experiences has been found and is detailed in 

S7.6.B.1.

The study findings presented here have also generated situation talk-back. The method of 

listening to situation talk-back was described in s3.2.B.l. It is an integral part of my process of 

iteratively reflecting-in-action because, as was discussed there, situation talk-back on study 

findings informs subsequent problem framing and subsequent creative practice. Thus the 

findings presented here also facilitate understanding the second research area scoped in chapter 

1, albeit indirectly. That is, they indirectly facilitate understanding the creation of emergent 

interactive art systems. This role of the study findings; along with other discussions of situation 

talk-back are detailed in the next chapter (chapter 8). However, in order to provide an overview 

of all the thesis and evaluation study outcomes I will now scope its coverage: chapter 8 covers 

the implications of the study findings for my practice. My future practice is also informed by 

reflective thinking conducted during the processes of making Glass Pond and +-now. These 

influences from practice are also described in chapter 8. In summary, this chapter presents the 

study findings and chapter 8 presents the implications of those study findings and of practice.

The core of the evaluation research conducted in this thesis was with the main study of +-now. 

It is therefore the focus of this chapter. That discussion is, however, preceded by descriptions of 

the prior exploratory studies’ findings. That is, this chapter is organised chronologically. This is 

consistent with my approach of iteratively Reflecting-in-action where each subsequent step 

informs the next step (as explained in s3.3.C). Thus the chapter begins by describing the 

findings from the exploratory study of the first interactive art system, Glass Pond, followed by 

those from the exploratory study of +-now before focussing on the core evaluation research 

effort: the main study of +-now. The discussion of each study begins by describing the study 

aims, followed by the findings and last of all with a summary comparing aims and findings.
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7.2 REVIEW OF METHODS
The findings presented here result from the studies described in chapter 6 which were, in turn, 

informed by the evaluation methods explained in s3.2.C and s3.5. Briefly, the data collected was 

observations of participants and their verbal and written descriptions of their experience. It was 

then reviewed and used to induce coding schemes. These codes were then applied to the data. In 

fact, they were applied to the data while being generated. In this way the codes were continually 

informed and refined by the data. Interesting events in the data were identified and through this 

process, coded in detail. Themes were identified from the codes and ultimately theories or other 

findings surfaced. Thus the data induced codes from which themes and findings could surface. 

Here the findings are accompanied by excerpts from data transcripts and in some cases, cross 

case displays. The data illustrate and provide context for the findings.

The remainder of this methods review is specific to each of the three studies. Firstly, in the 

Glass Pond exploratory study, a composite cognitive states and movements coding scheme was 

generated from the data (Table 11). Examples of cognitive state codes are assess the system, 

refer to self and clearing (the sand) and examples of movement codes are positioning 

(themselves relative to the work), modelling movements and non-modelling movements. These 

coding schemes surfaced the findings presented here. These findings include reflective, 

exploratory and composing participant behaviours. Formal issues about the art system’s design 

were also identified. The Glass Pond exploratory study findings are detailed in s7.3 and 

exemplified by extracts from data transcripts.

Secondly, in the +-now exploratory study, no codes were generated. This is consistent with the 

aims of this study which, as discussed in s6.3.B, were to rapidly explore issues surrounding 

emergent experience prior to conducting the main study. Its discussion is therefore very brief. 

Its findings showed that emergent behaviours could occur during participant interaction. These 

were subsequently followed up on in the main study of +-now.

In this main study of +-now codes were created for participant attributes, system components 

and emergence criteria as well as for participant behaviours (Table 14, Table 15). Codes that 

enabled the identification of behaviours include clearing (the sand), start (how an event started) 

and gender. Coding facilitated finding clearly emergent behaviours and experiences in the data. 

These findings are presented along with extracts from the data.
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7.3 GLASSPONDEXPLORATORYSTUDY
7.3. A AIMS

Glass Pond is the first interactive art system created for this Ph.D. It was described in s5.3 and 

its exploratory study was described in s6.3.A. This exploratory study was also the first study 

conducted in this thesis. It aimed to rapidly scope out an understanding of participant experience 

of Glass Pond. In particular, I wanted to see how participant experience of the work 'matched’ 

its design intentions and conceptual structure. As described in s5.2, this early conceptual 

structure was concerned with creating a reflective and exploratory experience. Therefore I was 

aimed to find out if any reflective and exploratory behaviours and experiences occurred during 

interaction with the work. Design issues such as the arrangement of the installation and the 

materiality of the interface were also of interest, where these impacted on participant 

experience. Thus the study aims broach two areas; relating either relate to a participant’s 

behaviour and the experience that accompanies it, namely reflective and exploratory 

experiences; and to the design of the work such as the tactile experience of the sand.

7.3. B FINDINGS

In summary, the study found reflection and exploration to occur. Participants were also found to 

compose interactively with the artwork, and to come up with new intentions for behaviours 

during their interaction. These latter findings were unexpected. Furthermore many participants 

felt they had inadequate control of the geo-forms images and some found the installation 

arrangement and sand interface uncomfortable. These were also unexpected findings.

Each finding is now discussed with examples from the data (that is, quotes from the transcripts). 

Clips are also included on the DVD (Appendix A) where this is indicated in the text.

7.3. B.1 Reflective experience
Cognitive state codes such as referring to themselves, clearing, covering and feeling the sand 

and movement codes such as pausing, looking, repeating a movement and modelling were used 

to identify reflective experiences. Three examples of these are as follows. Firstly, participant 6 

compared her interaction with the artwork to a previous experience: “7 feel like it’s a pool and 

its revealing... ” (Participant 6) This involved codes such as referring to self and clearing.

Secondly, participant 4 also cleared the sand to uncover the dappled light imagery, commenting 

out loud while she was doing this:

Participant 4: “When I was little I really enjoyed sitting at the side of a pond and 

there are some leaves on the top of the water and you stir the water... yes I just 

realised it’s all shiny, actually... I would I disturb the water, disturb the leaves,
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maybe this is the thick leaves and this is some pretty thing under the water. The 

water comes back again and I disturb it again. ” (Refer to the DVD, Appendix A)

The third example illustrates a reflective experiences sustained during interaction with the geo

forms element:

Participant 7: “My reading of these flickering shapes is that they are like 

reflections on the surface of the water and these things [geo-forms] are captive 

or captured like a photograph. ” (Refer to the DVD, Appendix A)

7.3.B.2 Exploratory behaviours
Exploratory behaviours were identified in the data by applying the two coding schemes. 

Cognitive state codes that indicate exploratory behaviours include assessing the system, 

clearing, covering, revealing and feeling the sand. Movement codes that can support 

exploratory behaviours include positioning, looking, digging, mounding and repeating a 

movement. For example, participants comment on trying to work out how to interact with the 

system and what its limitations are. These are examples of assessing the system. This was the 

most common method of exploring, followed by clearing the sand to reveal the dappled light 

image:

Participant 5: “Making/clearing holes in the sand... Cause parts of (screen 

image) to be revealed. It was like there were secrets that could be revealed. ”

Participant 4: “... I didn’t know what the thing was for so I tried to explore by 

myself and I realised that where there is [no] sand I can actually see the picture 

on the screen like here [gestures] ’’(Refer to the DVD, Appendix A)

Participant 3: “To explore the resolution... I tried to figure out what was the 

resolution of this [gestures]. ”

Participant 7 also describes himself as trying to figure out how it works or ‘assess the system’ 

both during interaction with the work, as shown on the DVD and during his interview:

Participant 7: I “ ...started off just doing anything to just work out what the 

parameters would be and then started thinking about what was important about 

the shapes that I made like if it was the size of the shape or the complexity of the 

shape or whether I could join two shapes together... ”

As is evident from his description he initially explored in an assessing way but later his actions 

were based on response from the system and his reflections on it. In this latter type of 

exploration, he was observed to exhibit a range of modelling behaviours and cognitive states, 

including clearing and covering to alter the geo-forms.

150



This example also illustrates a change in the participant’s intended action and it this new 

intention to act creatively; that is to “join two shapes together”. This action exemplifies an 

unexpected yet common behaviour among the participants - that of composing. Composing 

behaviours are now discussed. Goals are described later in s7.3.B.6.

7.3.B.3 Composing behaviours
Composing behaviours were also interpreted through the coding schemes. They were identified 

when recognisable figures were created in the sand and/or on the screen, through codes and 

through participant comments. Examples of codes are the modelling codes such as stroke, pick 

up, drop, pat, dig and mound and the cognitive states codes such as covering and clearing. 

Participant comments also identify composing behaviours by literally describing the making of 

a composition:

Participant 1: “I tried to arrange the sand to form an image. ”

Participant 3: “/ have been trying to write characters, like my name. ”

Participant 5: “I tried to create a composition that I liked. ”

Clearing and covering were two of the most commonly occurring behaviours and cognitive 

codes. They were used in combination with a modelling movement code such as stroking, 

sweeping, or digging movements which were used to clear the sand and make marks or draw. 

Covering these cleared areas back up also facilitated drawing and was described as ‘erasing’ by 

participant 4:

Participant 4: “ ...Like you use the rubber to erase all of your drawing and I do it 

again. So I assume this is a paper like now [gestures] and I cover it all with sand 

so it’s basically black now and so I start to draw again. ” (Refer to the DVD, 

Appendix A)

Several other participants would also cover the surface back up. Participant 3 frequently covered 

his compositions with the intention of re-starting: spreading the sand out and patting it down to 

recreate the smooth surface of the start condition. He also suggested a ‘reset’ feature in lieu of 

having to do this every time.

The data shows that compositions were created in two ways. Firstly, participants created 

compositions by clearing areas in the sand and the system responded by rendering directly 

corresponding areas on the screen in the form of the dappled light imagery. Participants were 

thus able to view their composition directly, predictably as it was being created. This, the most 

common method of composing, was illustrated in the examples above.

Secondly, some participants created compositions with a focus on the geo-forms. As before, this

was also accomplished by modelling clearings in the sand and the same feedback of dappled 
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light was visible; but here the composition emerges when the participant’s actions are informed 

by the system’s response. For example participant 7 describes how he considered the different 

ways of creating shapes and assesses them in terms of aesthetics:

Participant 7: “...started thinking about what was important about the shapes 

that I made like if it was the size of the shape or the complexity of the shape or 

whether I could join two shapes together... [and]... like before I was doing stuff 

like make a big one and then like these large umm shapes are not necessarily as 

rewarding as the more complicated shapes so I... started off trying to see what 

the biggest thing I could make was and then I decided to see what the prettiest 

thing I could make was ” (Refer to the DVD, Appendix A)

Participant 2 created several compositions in both the sand and geo-form images. This 

interaction is shown on the DVD (Appendix A). Images from it are also shown below. In this 

figure he is interacting with the geo-forms image by shifting lines of sand with sweeping arm 

gestures (Figure 37 (a)-(c)). A particular gesture for clearing the sand also nearly pushed the 

sand tray off the table, as shown in Figure 37 (d)-(e).

Figure 37 depicts a time series from the interaction session of participant 2: (a) broad stroke with the right forearm (7 mins 

33 secs); (b) paused and looking at the screen (7 mins 34 secs); (c) extended pause and the appearance of the geo-form across 

the dappled light image (7 mins 37 secs); (d) broad stroke with the left forearm (7 mins 40 secs); (e) sand tray moves across 

the table with the participant’s stroke (7 mins 42 secs).

7.3.B.4 Watching for the 'Ghosting'
Participant 7 was also found to observe the flickering, ghosting shapes and then comment on the 

coming appearance of the more solid ‘geo-form’ by saying “Here comes a good one!” 

(Participant 7) This is shown on the DVD (Appendix A).
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7.3. B.5 Control
Although the participants had no difficulty modelling the sand to interact with the dappled light 

imagery many wished for greater control of the geo-forms image, as well as understanding of 

what causes its behaviour. This became evident from their comments, for example:

Participant 3: “7 think I want a little bit more feeling of controlling them... 

Obviously I can control the part where the kind of light [dappled light imagery] 

is. [Gestures] this time I think I can control it, I have a feeling I am controlling 

this object. But sometimes, I don’t know why they appear. ”

Participant 6: "I’m not quite sure what makes these red shapes [geo-forms] 

come up. Or what they are. ”

Participant 7: "[I do not]... understand why this shape in the sand makes that 

[geo-forms] interesting shape?"(Refer to the DVD)

The inability to control or understand the geo-forms was found to impact negatively on 

participant experience:

Participant 4: “Just now I have a beautiful thing [geo-form] like a ‘J’, but 

sometimes it does not really follow my movement. Like I tried to do a - 

[gestures] -1 moved the sand around and I think it was supposed to show a thing 

like this... but actually it was not so probably I was wrong... And sometimes it’s 

not really pleasant because I try to make something, a beautiful thing with my 

sand and suddenly this thing pops up on top of my picture and I can’t really see 

the thing that I made... ’’(Refer to the DVD)

And:

Participant 3: "... sometimes the colour objects [geo-forms] disturbed me. I 

couldn’t read my name on the screen because of the obstacles, I mean objects 

[laughter], but that’s fine. I kept trying to control those objects - how they 

appeared on the screen and how I can stop them to appear on the screen. But I 

think I failed. I still can’t control them. ”

7.3. B.6 Goals
Another finding concerns participant intentions, or goals which were found to surface during 

their interaction session. This became evident from their comments, for example during his 

interaction session participant 7 changed his mind from trying to understand how the system 

works to then try to create something with it. This is shown by his comments in S7.3.B.2, 

s7.3.B.3 and on the DVD. Here he describes how his intention of making ‘the prettiest thing’
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surfaced during interaction with the work. At another point during his interaction Participant 7 

describes himself as investigating ‘aimlessly’.

Participant 7: “I really get that feeling... of just aimless investigation... I’m 

quite happy just to be here and have a go with it... ”

Other similar events were also found. These are Participant 2’s intention to create the ‘cross 

image’ which surfaced during his interaction with the work and where Participant 7 started to 

pay attention to the flickering lights, or ‘ghosting’ as discussed in S7.3.B.4.

These findings and their relationship to the research topic of emergence are discussed further in 

s7.4. Firstly however I will describe those findings concerning the artwork’s design.

7.3. B.7 Installation
Findings concerned with the form of the work were also induced from the exploratory study 

data. They cover the physical aspects of the work, such as the arrangement of the installation (its 

‘set-up’, as it is described in the interviews) and the materiality of the interface. They also 

include the performance of the software application (how well it functioned). The majority of 

these findings are drawn directly from participant responses to questions in the questionnaire 

and interviews. These are “What did you think of the set-up?” “Did you like interacting with the 

sand?” and “Did you find interacting with the work easy or hard? ” Cognitive state codes that 

also informed these findings include assessing the system, the positive and negative response 

codes and the self conscious sub-code. Movement codes that informed these findings include 

walking around and kneeling, touching the surface and shaking the dust off their hands.

With regard to the set-up or installation arrangement, participants were observed to interact with 

the sand by looking down at the sand tray and intermittently pausing and looking up towards the 

screen. Some participants stated that the arrangement of the installation caused discomfort in 

their neck. According to participant 2 this was due to the angular distance between the projected 

image and the sand tray. He was also observed to step back from the sand tray which he 

subsequently described as improving his field of view since it enabled him to view the sand tray 

and screen at once.

7.3. B.8 Sand
All participants were observed to shake the sand from their hands and found it unpleasant or 

debateable in terms of touch: Participant 5 said she “didn’t really enjoy the feel of the sand” 

(P5) while participant 7 thought it was “fine” and he liked that it held its form and was “cool to 

the touch...though perhaps a bit coarse.”(P7). While favouring the use of sand, the remaining 

participants also articulated a preference for dry, white sand over the wet, brown river sand. As 

participant 6 stated, “...hate wet sand, love dry sand. Don’t like to get dirty”.
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7.3. B.9 System Performance
Two issues were identified that relate to the performance of the software. Firstly, shadows from 

hands reaching or waving above the sand were occasionally detected as input by the system. 

They would then cause a response in the screen image in the same way that moving the sand 

would.

Secondly, ghosting - the flickering, transparent, interim representations of the upcoming opaque 

geo-form shape described in s5.3.C.2 was only commented on and possibly only noted by one 

participant. He stated that they were not very visible. This was due to the installation lighting 

and the degree of transparency of the image.

7.3. C SUMMARY

This section has described the aims and findings from the Glass Pond exploratory study. Firstly 

I aimed to find out if participants have exploratory and reflective experiences during their 

interaction with the work. This was found to occur (s7.3.B.l, s7.3.B.2). Other behaviours that 

were found were composing behaviours (s7.3.B.3) and waiting and watching for the ‘ghosting’ 

(s7.3.B.4). Participants were also found to come up with goals for interaction during their 

interaction (s7.3.B.6) and the geo-forms image was found difficult to control and unpredictable 

by some participants (s7.3.B.5).

Findings related to the design of the work are discomfort from the installation arrangement, 

dislike of the feeling of the wet sand, ‘false’ sensor input from the shadows of hands and arms 

triggering system responses and lack of visibility of the ‘ghosting’ imagery (s7.3.B.9)

Some of these Glass Pond findings are particularly significant to this Practice-based research 

effort. These are concerned with emergent goals, control, unpredictability and creativity. These 

findings reframed my view of the conceptual structure. They led me towards emergence as a 

research topic and conceptual aim. The reframing process that arrives at emergence is described 

s5.7.A. A detailed view of the implications of each of these findings and how they informed 

emergence is subsequently given (s7.4). Although implications of findings are covered in 

chapter 8, the following are provided here to facilitate understanding how all the findings and 

the research topic interrelate.

7.4 EMERGENCE
The Glass Pond exploratory study findings directed me towards emergence as a research topic. 

This section discusses the implications of those findings and how they relate to the thesis as 

whole. While implications of the study findings are typically detailed in chapter 8, they are 

reviewed here so the reader may better understand the relationship of the Glass Pond
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Exploratory study to the subsequent artwork +-now, the research topic of emergence and the 

thesis as a whole.

Firstly, as described in s7.3.B.6, participant 7 changed his mind about what he was doing while 

interacting with the work. He also described himself as not having any intentions during his 

interaction. This suggests that when the new goals appeared they were unexpected to him and 

not planned. The other examples of emergent goals cited there relate to the creation of the cross 

image and the anticipation of the flickering images.

However, subsequent research into emergence changes my interpretation of these findings. That 

is, I now interpret them as behaviours rather than as goals. This is because I now have a more 

developed understanding of emergence and the concept of emergent goals is relatively under

developed. My increased understanding has resulted from the work conducted subsequent to the 

Glass Pond exploratory study; namely the creation of the taxonomy of emergence (s2.2.B), the 

practice of making +-now (s5.5, s5.7), its evaluation in the main study (s6.3.C) and those study 

findings (s7.6.B).

Finding these emergent events in the Glass Pond data was highly significant to this research 

project. This is because these findings, in combination with some other exploratory study 

findings, have suggested and directed me to pursue emergence as a research topic.

Other study findings that helped to direct me towards the research topic of emergence are 

related to creativity and control. Firstly, creativity is an implicit characteristic of emergent 

systems, by definition (s2.2). Creativity is also implicit in composing. Since composing 

behaviours have been found during participant interaction with Glass Pond (s7.3.B.3) it is likely 

to facilitate creativity.

Control issues also came out of the Glass Pond study (s7.3.B.5). These were problematic in 

terms of design because they led to unsatisfying experiences. From an artist’s perspective, 

however, I also did not want to the interaction of the work to be like that of an instrument or 

tool. This also led me towards emergence. The implications of these control-related findings for 

design are discussed in s8.3.B.

In summary, my interest in emergence as a research topic can be traced back to specific study 

findings: participant intention, composing behaviours and control related issues.

Emergence research was subsequently undertaken. This informed the creation of +-now, the 

next art system. The exploratory study of this second art system is now discussed.
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7.5 EXPLORATORY STUDY OF +-NOW
7.5. A AIMS

This study aimed to find and explore the nature of any instance of emergent experience. It was 

also concerned with obtaining critical aesthetic insight into the artwork from another artist (the 

study participant).

7.5. B FINDINGS

It was found that the participant perceived new shapes during her interaction with +-now. In 

particular, these were found to constitute 'dynamic compositions’. Dynamic compositions were 

identified during this study as where many individual newly detected shapes were visually 

'read’ in unison; combining to create the impression of a single composition. Furthermore, the 

participant was found to interact with the dynamic composition over time; that is changing her 

behaviour and the composition interactively.

Two dynamic compositions were identified. The first was described as a “heartbeat.” The 

participant was observed to make an arc shaped mark in the sand with her fingers, wait for the 

system to respond and then make another, mirrored, arc adjacent to the first. She repeated this 

gesture a number of times, alternating between the arcs and varying their size. Her hands were 

observed to hover slightly above the surface between each stroke and she appeared to be 

working rhythmically to layer the imagery. Each stroke was followed by a series of visual 

‘echoes’ which intersected with each other and the preceding gestures. By continuing to draw 

the mirroring arcs, she sustained a fluctuating image that appeared to ‘beat.’ She described her 

interaction as “it’s a kind of pulsating, repeating thing. I like that... ” A recreation of this 

heartbeat image is shown in Figure 38.

At a later stage in the interview the participant described a different set of interactions as 

creating “a monster eating an ant.” At this time she drew a large arc in the sand with a small dot 

close to its centre. She repeatedly drew arcs in the sand, increasing their circumference around 

the dot and their proximity to it until the dot was entirely surrounded. While she worked she 

watched the screen. The rendered image was observed to show an arc shape moving from one 

side to another, slowly deforming into a circle shape. In the centre was a dot shape. The 

participant explained that the arc was the ‘monster’ and the dot was the ‘ant’, and that the 

‘monster’ had eaten the ‘ant’ when the arc was closed around the dot.

Findings concerned with the aesthetics of the work result from the participant’s comments on 

various prompts she was shown. This includes a colourful version of the screen image. Her 

response to this was to prefer the (current) monochrome white image because she considered it
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to be more effective in creating the dynamic compositions that she had experienced. She 

thought it suited the aesthetic of the artwork which she described as “it’s about movement. ”

Figure 38 Heartbeat, Photograph of +-now installation. J. Seevinck, 2008. A recreation of the ‘dynamic composition’ 

created by a participant during interaction with +-now.

7.5.C SUMMARY

The exploratory study of +-now confirmed that a participant could interpret new (emergent) 

shapes and compositions. It also found that these were dynamic and that the participant 

interacted with these compositions over time. These findings were investigated more fully in the 

subsequent main study of +-now. This core evaluation research effort is discussed next and is 

the focus of the rest of this chapter.

7.6 MAIN STUDY OF +-N0W
7.6.A AIMS

The main study’s primary aim was to confirm participant interpretation of emergent shapes or 

compositions as had been found in the preliminary, exploratory study of +-now (7.5.B). As well 

(a) identifying any instances it also sought to (b) classify them by drawing on the taxonomy of 

emergence in interactive art (s2.2.B).

Other research aims that related to participant experience asked if (c) there was any correlation 

between perceiving emergence and having a background in drawing as had been the case with
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the artist-participant of the exploratory study who perceived emergence (s6.3.B.2). I also wanted 

to know if participants had any difficulties interacting with it for example through unpredictable 

behaviour or lack of control (d). Lastly, research aims that are more focused on the design 

concern participant experience of the sand (e) and the installation arrangement (f).

The findings corresponding to each of these aims (a) to (f) are discussed next.

7.6.B FINDINGS

In summary, 16 of the 30 participants (53%) were found to experience emergence (a). Three 

different types of emergence were identified (b). A slight tendency for participants who did not 

have a background in drawing to experience emergence, was also found (c). Finally, participant 

issues surrounding control and unpredictability (d) and the tactility of the sand (e) were 

resolved.

These findings are now detailed. The findings related to participant behaviour and experience 

during interaction are presented first, while findings focused on the design of the work are 

provided at the end. Examples, in the form of excerpts from transcriptions are provided. Some 

of these examples are also included as clips on the DVD (Appendix A), as indicated.

This discussion begins with emergent findings (s7.6.B.l). These are organised into three 

different classes of emergence as described in the taxonomy (s2.2.B and Table 2). Other, non- 

emergent behaviours that were also identified, follow. Displays are then used to illustrate and 

compare the instances of emergence across cases.

The main study is described in s6.3.C, s6.4.B. Briefly, it consisted of 30 cases of individual 

participant interactions with +-now. The data that was collected was observations of participants 

and their accounts of their experience. Subsequent data analysis generated codes from this data 

which were applied to this data while being refined and adjusted by it, at the same time. The 

codes were also informed by theoretical literature on emergence (see S3.5.C.2, s6.4.C.l). The 

final coding schemes are the composite coding scheme and the emergence criteria coding 

scheme in Table 14 and Table 15, respectively. As explained there some of the composite codes 

could be mapped across to the emergence criteria coding scheme. This was using the mapping 

scheme (Figure 36) described in s6.4.C. 1. If adequate emergence criteria codes were identified 

for a given event, it would be emergent. This emergent event was then further analysed to 

determine what type of emergence was present, as explained in S6.4.C.2 and Table 16.

It should be noted at this point that each event was only classified once, for example as either an 

emergent composition or referenced emergent behaviour. Where an event contains two types of 

emergence, the clearest instance instilling the most confidence is selected. This is because 

where multiple events coincide then the relationship between these types would also need to be
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investigated. This is outside the scope of this thesis which is instead aiming to lay solid 

foundations for continuing investigations of emergence in interactive art in a range of directions.

7.6. B.1 Emergence
25 Instances of emergence were found in 16 of the participant interaction sessions. No 

emergence was clearly evident in the remaining 14 cases. Within the 16 cases and 25 instances 

of emergence, three classes of emergence were identified, as follows.

Firstly, referenced extrinsic perceptual emergence (1) typically occurred where an emergent 

composition was interpreted as a result of overlapping rendered shapes. For the sake of brevity 

this is known in this study as emergent compositions.

Referenced intrinsic perceptual emergence (2) was also identified. This is where the perception 

of emergence relies on comparing or referencing something else in the world. This must also 

occur during a dynamic, feedback process. An example is the heartbeat temporal composition 

from the previous study (Figure 38). In this data all instances of referenced intrinsic perceptual 

emergence found were, like the heartbeat image, behaviours that resembled or referenced 

something else in the world. For the sake of brevity in this study this type will be called 

referenced emergent behaviours.

Lastly, Concrete intrinsic perceptual emergence (3) was also found. Like (2) all instances of this 

third type that were found were also behaviours. However, unlike (2), concrete emergent 

behaviour is specific to the artwork and does not rely on referencing or associating with 

anything outside it in order to perceive or understand the emergence. For the sake of brevity in 

this study it is termed concrete emergent behaviour.

These three types make up all 25 instances of emergence. Almost half of them are instances of 

emergent compositions as shown later in S7.6.B.13.

7.6. B.2 Emergent compositions
11 Instances of participants experiencing referenced, extrinsic, perceptual emergence, or 

emergent compositions were found. This class is one of the eight classes in the taxonomy of 

emergence in interactive art, detailed in s2.2.B.

Definition review with example

This class of emergence occurs (1) when there is reliance on it being perceived or interpreted by 

someone to exist; that is, it is perceptual. The second condition for this class (2) is that the 

emergent whole must not affect the parts - that is, there should be no feedback between the 

levels of the whole and parts and this makes it extrinsic. Lastly, (3) when the emergent whole 

refers to something else it is referenced emergence.
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For example, towards the end of his interaction session participant CM1 perceives the emergent 

composition of ‘Easter Island faces'. This event is described below and included on the DVD 

(Appendix A). This example is an instance of perceptual emergence. Furthermore, CM1 does 

not act on this ‘Easter Island faces’ composition to change it, subsequent to its perception. 

Therefore there is no feedback from this emergent whole (the ‘Easter Island faces’ composition) 

back into the parts (the sand, shapes, gestures etc. that make up this emergent composition). In 

other words, this newly interpreted composition does not affect its parts. This lack of feedback 

from the whole back into the parts means the emergence is extrinsic to the composition and it is 

classed as extrinsic perceptual emergence. Lastly, by virtue of referring to the stone statues it is 

referenced emergence. Thus it is a case of referenced extrinsic perceptual emergence; or 

emergent compositions for the sake of brevity in this study (as explained above).

Data samples

Participant CM1 describes his interpretation of the ‘Easter Island faces’ as follows:

CM1 “...And I think I also looked up on the screen again, because after I did 

that it started to making this sort of shapes I guess, that I hadn ’t seen before of 

making these faces so it started looking like the ah, ah, heads on Easter Island, 

you know the statues. ... I thought that was a bit interesting. ”

Interviewer “Where’s that, are they here or —? ”

CM1 “Yeah, they’re coming now to the display, start pressing play. As I made 

these patterns they all have, see them, see them basically up there - here’s the 

statues. Fair enough you know, the eye, the nose, the mouth down here. ” (He 

points out the features). (CM1, see also the DVD and Appendix A)

Other examples of participants interpreting emergent compositions are now listed:

A face that was interpreted by participant JF1 is described as unintentional and because she did 

not want to keep it she immediately wiped it out: “...I didn't want it to look like a face. ...That 

was just an accidental thing. ” (JF1)

NF1 interprets two different emergent compositions, a psychological ink diagram and tadpoles: 

NF1 “Well the pattern on the screen is actually quite funky... ”

Interviewer “So by funky you mean you like it? ”

NFl“Yes... It was kind of like an ink diagram. (Laughs) A psychological ink 

diagram. I didn't intend it to be like that but it kind of ended up being like that. ”

And later on in the same interview:

Interviewer “Andyou're looking at the wall image here? ”
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NF1 “Yeah I am. It’s kind of pretty. It was sort of like little tadpoles or 

something”

RF1, like NF1, also interpreted an emergent composition when she came across some flashing 

shapes:

RF1 “I wasn’t looking at it in particular I was just looking around and I

happened to see these things here, these flashes of light appearing....... So I’m

trying to clear it out of the way, and just seeing what those, umm, like 'flames of 

light' whatever they were, were doing.

Interviewer "Flames of light" did you say? ”

RF1 “Yeah, they looked kind of like flames of light to me. ”

JM1 interpreted ‘shooting stars’ moving across the wall image:

JM1“...You can see on that screen now [pointing to wall screen] see you get 

these shooting, shooting, almost like shooting stars, moving across the screen. I 

hadn't seen that before and I thought it was pretty interesting. ” (JM1 see also the 

DVD and Appendix A).

AMI interpreted a face:

“...I think here I’m thinking that it’s doing an eye, sort of a face ...there is the 

eye... and the face” (AMI).

In addition to the 11 clear incidences of Emergent compositions found in the data, there were 

eight instances of Referenced emergent behaviours and 11 instances of Concrete emergent 

behaviours found. These are discussed next.

7.6.B.3 Referenced emergent behaviours
Emergent behaviours are a common instance of intrinsic, perceptual emergence. Two types of 

intrinsic, perceptual emergence were classified in s2.2.B and both have been found in this data. 

These are referenced emergent behaviours and concrete emergent behaviours which are 

described in the next section. As stated in s7.1 and the previous discussion on emergent 

compositions, the shorter names are used for the sake of brevity.

Definition review with example

Before discussing findings of referenced emergent behaviours in the data I will briefly review 

their definitions. As was detailed in chapter 2, intrinsic emergence involves feedback between 

the emergent whole and its constituting parts. This is distinct from extrinsic emergence, 

discussed above, where there is no feedback. Feedback means the emergent quality occurs at
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both the level of the emergent whole and at that of the parts; that is, it is intrinsic to the 

emergent system.

While the referenced emergent behaviours discussed here are intrinsic rather than extrinsic; they 

are nevertheless similar to the emergent compositions discussed in the preceding section. This is 

because both are referenced. That is, in both cases an association, metaphor or analogy is relied 

upon for the experience or behaviour to exist. For example, an emergent composition may 

consist of a face interpreted in the imagery; thus referencing faces in the outside world. On the 

other hand, a referenced emergent behaviour might involve making a face in the imagery ‘talk’ 

which draws on the metaphor of animating. This latter example could therefore be classed 

referenced, intrinsic perceptual emergence

In referenced emergent behaviours the emergent whole can be considered the participant’s 

behaviour. The parts of this whole are the different facets of the artwork and interaction with it 

which combine to create this emergent, whole behaviour. For example the parts can include the 

emergent compositions that make up the image the participant responds to, transparent sub

shapes that overlap to create these emergent compositions and the gestures that create these 

shapes and images.

For example, when participant AM2 draws a piano keyboard in the sand and ‘plays’ it (below), 

this playing behaviour is an instance of referenced intrinsic perceptual emergence, or a 

referenced behaviour. This ‘piano playing’ behaviour is the emergent whole and its parts are the 

transparent shape, sand ‘keys’ and the gestures that create them. The piano playing is an 

instance of perceptual emergence because it relies on the participant’s interpretation of the 

transparent shapes to exist. It is referenced emergence because it refers to playing the piano. 

Lastly, it is intrinsic because each time he touches the sand to play a note or to emphasise a 

note, he is creating a shape. Each shape he creates changes the composition and his subsequent 

action is informed by each slight change to the composition. Put another way, each shape he 

creates changes the condition of the whole and so changes the condition of the subsequent 

shapes or parts. Put another, more specific way: while his ‘piano playing’ is the reason for 

creating the shapes that make up that composition; those shapes also define this piano keyboard 

and the piano playing behaviour. The playing piano example showed composing behaviours. As 

mentioned above, I wanted to find out if participants made visual compositions - composed - 

during their interaction with the work. This turned out to be the case.

Data samples

In total, eight clear instances of referenced emergent behaviours were identified. These include 

‘playing a piano keyboard’ (AM2), making a stick-man ‘walk’ (BM1) and other animation - 

like efforts by TM1 and SF1.
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In the interaction session mentioned above participant AM2 was found to draw a piano 

keyboard in the sand and then ‘play’ it. This behaviour was initiated by a song that he hears 

during his interaction with the work. The song is from an adjacent exhibit and a part of the 

museum’s ambient sound environment. At first AM2 tries to work out the notes of the song by 

drawing a piano keyboard in the sand and tapping the ‘keys’. This leads him to play along with 

the tune. He then emphasises the final note by creating an additional mark in the sand, 

underscoring the ‘piano key’ for that note. This interaction is included on the DVD. As 

described:

AM2 “ ...At this point I was listening for that god-damn song - um, and then this 

was me playing around trying to figure out — because I basically had a very 

rough keyboard at the top and I was trying to match this, the tune. And seeing 

what would happen if I did that.

Interviewer ‘'Oh, so you ’re drawing a keyboard and you ’re -

AM2 “ ...And then I’m trying to play. Not this piece of music which is playing 

now in the background but a different piece... I was just sort of trying to sort of 

play along and seeing what would happen there. And you can see the keys which 

I played a lot of became firmer on the screen.... I’ve played piano in the past.... I 

wasn ’t doing anywhere near correct fingering but I was just sort of playing 

along. Pause. And then ... just below the keyboard. That’s me thinking - that’s 

me, because I’ve already made this very thick mark above it - and I’m thinking 

I’ve already done that - so I’m trying - it’s actually meant to be the same note

but just trying to reemphasise it - this note I’ve played a lot.....Because it

finishes - the piece finishes with the repeat - repetition of the high note. It’s like,

I want to make this a very obvious. ” (AM2)

Animation behaviours were also found to occur during interaction with the work. Two 

participants, independently of one another, interacted by animating with the work.

While first interacting with the work JM1 decides to draw something. At this time he recalls a 

childhood activity of drawing an animation of an old man. He subsequently decides to re-create 

this animation from his childhood:

JM1 I was actually thinking ‘what's something silly or fun that I could do in the 

sand? ’ I guess by that stage I was like, well, I think I sorta know how it works I 

think I'll enjoy it, muck around for a bit. Then I thought what could I do, what 

could I draw? And I was looking back to my primary school days where I was 

doing little animations and as it turned out - you won't see it, I couldn't really, it
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was really hard to do detail in the sand. And I was just thinking of an image from 

way back and I was just trying to draw it on the sand.

Interviewer Oh ok so that's what that arc was about?

JM1 Well you'll see I continue on, its actually an animated shot of an old man 

with a bald head glasses ... it didn't work very well.

Like JM1, participant BM1 was also observed to animate interactively with the work. He did 

this by creating an animation of a stickman walking:

BM1 “ See I’ve got a little stick man. He’s got bow legs. And there he’s look, he’s walking. See 

that. He’s moving (laughs)” (BM1. Also refer to the DVD and Appendix D).

AMI interpreted a river and mountains:

AMI “Here I’m trying to do a river... (He ’s drawn a line in the sand) These are 

mountains (pushes sand bank up to side of ‘river’) ” (AMI)

Lastly, AF1 compared the light on the sand to a rainbow; describing it as “...so colourful it's 

like a rainbow... ” (AF1) This perception then caused her to make a rainbow in the sand and 

light.

7.6.B.4 Concrete emergent behaviours

Definition review with example

This class of emergence is similar to the class of referenced emergent behaviours just described, 

but differing because here there is no reference to anything. Here the emergent whole is also an 

emergent behaviour; and each of the parts that make up that whole is affected by this behaviour. 

As with referenced emergent behaviours previously discussed, the parts of this whole might be 

the gestures in the sand and image that constitute the behaviour; and this behaviour could then 

cause a change in the gestures and sand and image, perhaps from a slow to a staccato rhythm. In 

this way the emergent behaviour can be said to affect the parts; that is the emergence is intrinsic 

to the system. However unlike referenced emergent behaviours concrete emergent behaviours 

do not refer to anything. Instead the concrete behaviour is something local to this art system.

Data samples

Six clear instances of concrete emergent behaviour were identified. The first four of these are 

described in detail and videos of their interaction are included on the DVD (see also Appendix 

A).

Firstly, participant NF2 was found to repeatedly circle and touch areas of coloured light in the 

sand. I have named this behaviour ‘follow lights’ and it is included on the DVD. The behaviour
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originates from NF2’s curiosity about the coloured light which had led her to touch the sand. As 

she subsequently made a small hole in the sand with her fingertips, she found that the 

corresponding spot on the screen became whiter. This interested her so that she touched the sand 

and coloured light again. Thus she repeatedly circled coloured areas on the sand, making the 

corresponding screen areas ‘whiter and whiter’:

NF2 “ The colour on the sand, yeah, I touch the colour parts. So, I want to know 

the reaction if I touch the coloured parts.

Interviewer: Oh Ok. So there was colour on the sand there and that's where you 

made the hole. (Laughter as NF2 and the interviewer watch the video of her 

make more holes in the sand, seeming to follow where coloured light appears)

NF2 “... Whenever I touch the colour parts again and again, I can see there on 

the screen the part it becomes whiter, whiter, whiter. So...It's a little bit 

interesting to me. So quickly making circle again and again on the colour 

part... It was fun... ”

Interviewer: So you like that?

NF2: "Yeah. It was fun. ” (NF2)

The artwork’s response to her interaction interests her and she finds the experience ‘fun’. She 

repeats the action of touching and circling the areas of coloured light but it is now a means to 

sustaining this interest, fun and in order to create ‘whiter and whiter’ spots on the screen. In this 

sense this new behaviour changes the meaning and significance of the images, sand and her 

gestures; that is the emergent whole is changing the parts. These parts have become integrated 

into a ‘game-like’ interaction and they are now something other than what they were before the 

behaviour started. Thus there is feedback going from the whole back into the parts and this 

makes this behaviour an instance of intrinsic perceptual emergence. The behaviour is also 

concrete because its meaning is inherent in this behaviour; relying on its own immediate, 

concrete nature rather than on a reference to something outside itself.

So, in this example the event was initially coded as IW, Start, Image, Sand, Repeat and 

Association (Table 14). It was then re-coded from these codes to the emergence criteria codes of 

Whole, Parts, New, Un-Pred, Feedback and Ref-Cone (Figure 36 and Table 15). Next this list 

was tested against the classifications of emergence (Table 16) to determine what type of 

emergence had occurred. The result was classifying this ‘follow lights’ event as an instance of 

concrete, intrinsic, perceptual emergence.

Another example of concrete intrinsic perceptual emergence, or concrete emergent behaviours, 

is behaviour I have named ‘circles on the sand’. This was found in ZFl’s interaction session and

166



is similar to the above example from NF2. It is also included on the DVD. Like NF2, ZF1 also 

interacts with areas where the coloured light falls on the sand. She begins her interaction with 

the work by lightly smoothing over the sand with her hand and then draws circles around the 

coloured parts with her index finger. Three to six areas are circled in this independent version of 

the ‘circles on sand’ behaviour.

ZF1 “So I was just trying to circle the part who is coloured...

Interviewer “ Umm.. What, do you mean a circle, or - ?

ZF1 “Yeah, there is some part with colour (she points to the sand table on 

screen) and I just circle it... (She points to where she's clearing a circle on 

screen) ” (ZF1)

Despite the similarity of their behaviours the participants exhibited these behaviours 

independently of one another.

Another example of concrete emergent behaviour is the ‘stir, wait, look’ behaviour by SF1 

(Refer to the DVD and Appendix A). She was found to interact by swishing the sand then 

pausing and looking towards the screen. This behaviour was repeated up to five times. She 

describes herself as looking for shapes and patterns.

SF1 “I’m looking at the screen - see another bird. (Laughs) Just here - that’s the 

beak there, and that’s the body. (Starts swishing again) ...It’s kind of a delayed 

reaction isn’t it, when you stop swishing the sand around... Ah, it, um - ah, I 

became aware of it and I, I liked to look for the shapes in it after I stopped. 

(Pauses, looks at screen for a while, then swishing sand again) That’s why I 

stopped for a while. ” (SF1)

She summarises her behaviour as follows:

SF1 “I’ll make patterns in the sand and then look up here and see what you’ve [I 

have] made. ” (SF1)

A similar case to SF1 was TMl’s interaction with the sand to “create a movement” and then 

pausing and “watching the feeling come I have named this behaviour "stir, wait, feel’ and it is 

also included on the DVD. As shown in the quote below, he compares his experience to that of 

looking at stars. He describes the work as having a “magical depth” with “infinite variation” 

which “just draws those emotions out of you”, including the joy of smiling:

“[it] just draws those emotions out of you ” and “ there’s these things where 

you ’re starting to go 'okay, now I’ve got it' to something, and the first time I got 

it, it made me smile. I stood and I stopped and it made me smile. (TM1) ”
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7.6.B.5 Infinite variation
A particular experience was found to accompany TMl’s Concrete emergent behaviour. This is 

where he describes it as having ‘infinite variation’. Continuing on from the above quote 

(s7.6.B.4), he says of his experience with the work:

“And it was like I was 6 years old, looking in a kaleidoscope and just -you know 

that feeling when you look at stars. Like you go to the country and there’s 

millions of stars and you just look up and it feels wondrous and eternal and deep 

and complex and are they there, are they not - because of that and it’s like 

looking in leaves moving and all those things I was talking about but there’s that 

magical depth. And that infinite variation. And you just - (pause) they ’re almost 

things you can’t create. You can manipulate water to do it, you can splash and 

splash and splash and you see the ripple patterns, you can manipulate leaves and 

light, but you can’t draw it, you can’t paint it, you can’t even really speak it. 

Because what you need to see is, you need to see that image and it just draws 

those emotions out of you. And that was when I really got a sense ofjoy and I 

realised that it’s not about sand painting, Zen garden painting, it’s not about the 

same type of interactions I get with drawing with a pencil where, or writing. It’s 

actually - a different, quintessentially different experience. You ’re trying to make 

infinite patterns and then create stillness within them... and then you see this 

random pattern. And even though it’s delayed, if you continue the same 

movement there’s this correlation between that and the complexity of movement 

and it’s, it’s lovely. ”

This experience is a key aspect of my conceptual structure (s5.2). It has implications for design 

as described in s8.3.A.

In addition to emergent and related behaviours and experience; some non-emergent behaviours 

were also identified. These were interesting events that were identified in the data, coded and 

found to be non-emergent. They are of two kinds: firstly, those behaviours which rely on 

attributes of individual parts of the work, particularly that of the sand (that is, the behaviours are 

not of the whole artwork) fall within a group termed ‘Parts’. The second group, ‘Expected’, 

includes behaviours which are common to interaction with interactive art systems (that is, the 

behaviours are not new). These behaviours are listed in Table 17 and subsequently discussed.

168



Table 17 Other non-emergent, interaction behaviours

Parts:
Behaviour relies on attributes of a part of the work

Expected:
Behaviour is common to interaction or interactive art

Dusting sand from hands Assessing
Drawing in the sand (and looking only in the sand) Resetting
Tidying up Anthropomorphising

7.6. B.6 Dusting sand from hands
Very few participants were found to rub their hands together to shake the sand off. This 

behaviour was identified using the Bdust code.

This behaviour is an artefact of the affordances of the sand; perhaps resulting from discomfort 

that the sand can afford. It is a quality of a part and not of the whole artwork and as such it is 

not emergent.

7.6. B.7 Mark making
Mark making behaviours, such as doodling, writing, drawing and erasing were also found. They 

were identified by codes such as Bmodel, Sand, and IW sub-codes Clear and Compose as well 

as Made marks. When these marks were made without an awareness of the image or anything 

other than sand; for example if participants were only clearing the sand without paying attention 

to the imagery; then the behaviour can be attributed directly to the sand and is not emergent. 

However, where the behaviour does involve interaction with the whole artwork then it may well 

be emergent. For example, BM1 ’s drawing of a man in the sand which he continually amends to 

make it walk (s7.6.B.3). Here the mark making behaviour is an artefact of the whole artwork 

rather than of just one part (the sand).

7.6. B.8 Tidying up
Tidying up behaviours were identified using neaten and Bmodel codes. The behaviour also 

draws on the affordance of sand as something that can become messy and may require ‘tidying 

up’. Where participants were trying to neaten the sand without regard for this effect on the 

whole work; the behaviour is also simply an artefact of a part of the work (the sand).

The following three behaviours also occurred during interaction with the art system +-now. 

Unlike the previous three however, these behaviours are common to interaction with interactive 

systems and interactive art. This means they are not new to interaction with +-now. This lack of 

novelty means they are not emergent.

7.6. B.9 Assessing
Behaviours where participants were assessing the system or trying to figure it out were also 

found. They were identified using the IW sub-codes, Figure out and Wonder. An example is
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where participant AM2 was “ ...trying to figure out how big a time delay was needed... ” (AM2). 

Other examples are drumming to see if sound affects the work, manipulating the sand to 

inverting the screen image, and marking the edges of the sand tray to identify the limits of the 

interaction space.

This behaviour has been previously identified in participant interaction with interactive art 

systems (Costello, Muller, Amitani and Edmonds, 2005). As such it is not a new behaviour.

7.6. B.10 Resetting
Participants were also found to ‘reset’ the system. This behaviour was identified using the IW 

sub-codes Clearing and Composing. An example is where participant SM2 wanted to “start 

over” with his interaction in order to start a new interaction effort. This behaviour is common to 

interaction with interactive systems and this lack of novelty means it is not emergent.

7.6. B.11 Anthropomorphising
Lastly, anthropomorphising behaviours were also identified as interesting but subsequently 

found to be non-emergent. They were originally identified using the Reference code. For 

example, when participant AM3 interacted to clear the sand he described this as “quieting the 

system ”. Other examples are BM2 describing his behaviour as “smothering ” the light and NF2 

describing her intention in interaction as wanting to make the artwork “happy ”.

7.6. B.12 Summary of participant behaviours
16 out of the 30 participants were clearly found to experience emergence and a total of 25 

instances of emergence were identified (within these 16 cases). These 25 instances constitute 3 

different classes. They are referenced extrinsic perceptual emergence (emergent compositions,

57.6. B.2); referenced intrinsic perceptual emergence (referenced behaviours, S7.6.B.3) and 

concrete intrinsic perceptual emergence (concrete behaviours, S7.6.B.4). Each of these types 

was explained and exemplified with examples drawn directly from the data.

An interesting and relevant participant experience was also found. This experience accompanied 

a concrete emergent behaviour. It was described as an ’infinitely variable’ experience by the 

participant (s7.6.B.5). This description is highly relevant to my conceptual structure (s5.2), Its 

implications for design are discussed in s8.3.A

Six other behaviours that were identified have also been described: dusting the sand from hands, 

mark making, tidying up, assessing, resetting and anthropomorphising. All are non-emergent. 

This is either because they lack the quality of an emergent whole or because they lack novelty 

(to interactive artworks generally).

The cases in which emergence was clearly identified can now be considered further as a group. 

This is discussed in the next section.
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7.6. B.13 Cross-case displays
Cross case displays were generated using clustering, noting themes and counting techniques 

(s3.5.D, s6.4.C.3). They are intended to assist my reflection on particular issues. These issues 

are interesting to me as an artist making interactive artwork and they have implications and 

relevance to my practice (s8.2). They relate to the attributes of the participant, the duration of 

the interaction and the types of emergence that were experienced.

Firstly in terms of participant attributes I am interested in whether or not they have a 

background in drawing, what their level of expertise is and whether or not they made marks 

during their interaction.

7.6. B.14 Background in drawing
Drawing was widely interpreted; including its use for art, design and any type of concept or idea 

development. The data was gained from participant responses to the interview question “Do you 

do any drawing?” A network display (Figure 39) and a pie chart (Figure 40) were created.

The display clustered together participants with a background in drawing, those without, and 

those whose background is unknown; that is, where there is no data. For each of these three 

groups the cases where emergence was found were separated from those where it was not found. 

In the pie graph participants who have a background in drawing are shown on the left in orange, 

those who do not have a background in drawing are shown on the right in green and those 

whose background is unknown are shaded grey. Within each of these groups the clusters of 

participants who experienced emergence are shown with speckled shading.
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Figure 39 Network display of emergent experiences by background in drawing

Population:
30
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1 1
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Figure 40 Pie chart display of participant experience of emergence by background in draw ing

No background in
drawing and no 

emergence found, 6,
20% A

Background in 
Drawing and 

emergence, 9, 30%

No background in 
Drawing and 

emergence found, 4, 
13%

Unknown background 
and no emergence 

found, 2, 7%
Background in 

Drawing and no 
emergence found, 8,

Unknown background 
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As the display and graph show, 9 out of the 17 participants with a background in drawing (53%) 

experienced emergence; while 6 out of the 10 participants without a background in drawing 

(60%) experienced emergence.

Thus the data shows a slight tendency for participants who do not have a background in drawing 

to be more likely to experience emergence.
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7.6.B.15 Expertise and emergence
Participant expertise was subsequently considered. Experts included artists, designers and 

technologists. The data was gained from participant responses to the interview question “What 

do you do for a living?” A network display (Figure 41) and pie graph (Figure 42) were created.

The display clustered together participants who have expertise in one of these areas and those 

who do not. Participants who experienced emergence were then separated from those where no 

emergence was found. In the pie graph the experts are shown on the left in orange, the general 

public are shown on the right in green. Participants who experienced emergence are shown 

using speckled shading.

Figure 41 Network display of emergent experiences by expertise

Population:
30 participants

Experts 12 General Public 18

i 1
1 1 1 1

Emergence Other Emergence Other
experienced 7 5 experienced 9 9

Figure 42 Pie chart of emergent experience by expertise.

Experts and 
emergence 

experienced, 7, 23%
General public and 

emergence 
experienced, 9, 30%

Experts and no 
emergence found, 5, 

17%

General public and no 
emergence found, 9, 

30%

As the display and graph show, 9 participants from the general public out of 18 (50%) 

experienced emergence; while 7 experts out of 12 (58%) of the experts experienced emergence.

The data shows a slight tendency for participants who are experts to experience emergence.
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7.6.B.16 Mark-making
Mark-making during interaction was then reviewed. Mark-making behaviours included any 

incidences where participants were observed to draw, write their name or doodle during their 

interaction. Data came from the video recordings of participant interaction. A network display 

(Figure 43) and pie chart (Figure 44) were created.

As before, the displays clustered together participants who made marks and who did not, then 

differentiated these groups according to whether or not emergence was found.

Figure 43 Network display of emergent experiences by mark-making

Population:
30 participants

Made mark: 20 None: 10

I
1 1 1 1

Emergence Other Emergence Other
experienced 12 8 experienced 6 4

Figure 44 Pie chart of emergent experience by mark-making.

No marks made and 
no emergence found, 

6, 20% >

Made marks and 
experienced 

^emergence, 12, 40%

No marks made and 
experienced 

emergence, 4, 13%

Made marks but no
emergence found, 8,

27%

As the display and graph show, 12 of the 20 participants who were observed to make marks 

(60%) also experienced emergence; while 4 of the 10 participants who did not make marks 

(40%) experienced emergence.

The data shows that participants who make marks are more likely experience emergence.
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7.6.B.17 Duration of interaction
The duration of participant interaction with the artwork was then considered. This data was 

collected from the video recordings of each participant interaction session. Duration data was 

grouped into brackets of ten minutes: [1-10], [11-20], [21-30] and [31-40] minutes. A network 

display (Figure 45) was created. •

The display clustered together participants with similar durations and then differentiated these 

groups according to whether or not emergence was found.

Figure 45 Network display of emergent experiences and interaction duration in minutes.

Population:
30
Participants

[1-10], 18 [11-20], 8 [21-30], 3 [31-40], 1

Emergent Other Emergent Other Emergent Other Emergent Other
experience 10 experience 3 experience 1 experience 0
8 5 2 1

As shown in the above display:

8 out of 18 (44%) of participants who interacted for [1-10] minutes, experienced emergence

5 out of 8 (63%) of participants who interacted for [11-20] minutes, experienced emergence

2 out of 3 (66%) of the participants who interacted for [21-30] minutes experienced emergence 

The [31-40] minute interaction duration sample is so small as to be inconclusive.

The data shows that as interaction duration increases, people are more likely to experience 

emergence.
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7.6.B.18 Types of emergence
This last cross case display looks at the different types of emergence that were experienced. 

Thus it only deals with those participants where emergence was clearly found to occur, that is it 

only looks at 16 participant sessions. The data comes from the analysis presented in s7.6.B. A 

network display and pie graph were created (Figure 46, Figure 47)

The displays cluster together all instances of Concrete emergent behaviours, Referenced 

emergent behaviours and Emergent compositions.

Figure 46 Network display of instances of different types of emergence

Instances of emergence 
25

Concrete emergent 
behaviours 6

1
Referenced emergent Emergent compositions
behaviours 8 11

Figure 47 Pie graph of instances of different types of emergence

Referenced emergent 
behayours, 8, 32%

Concrete emergenC'^j^^SvSvSvSvK#^ 
behayours, 6, 24%

Emergent 
compositions, 11,

44%

As shown, 11 out of all 25 (44%) of the instances of emergence found were emergent 

compositions.

The data shows that the most common type of emergence found in the study was participant 

experience of emergent compositions.
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7.6. B.19 Summary of cross case findings
In summary, the five cross case network displays of data showed:

A slight tendency for participants who do not have a background in drawing to be more likely to 

experience emergence

A slight tendency for participants who are experts to experience emergence

A tendency for participants who make marks to be more likely to experience emergence

A tendency that as interaction duration increases, people are more likely to experience 

emergence

The most common type of emergence to occur was the experience of emergent compositions

These findings are of interest to me in terms of my creative practice. Their implications for my 

practice are discussed in s8.2.

The last set of findings from the main study is presented next. They are focussed on design- 

related issues. That is, they are concerned with the installation arrangement, interface material 

(sand) and software design and performance.

7.6. B.20 Ease of interaction
Data was collected during the interviews, from participant responses to the question “Did you 

find interacting with the work easy or hard, straightforward or difficult?” 28 responses were 

gathered from the 30 interaction sessions. That is, in 2 interviews the question was omitted. The 

responses were as follows:

19 out of the 28 (68%) participants responded that they found interacting with the work easy to 

interact with

7 out of 28 (25%) participants responded that they found interacting with the work either ‘easy 

and hard’ or ‘neither’

2 out of 28 (7%) participants responded that they found interacting with the work difficult 

The data shows that most participants found the work easy or straightforward to interact with.

7.6. B.21 Sand
Data was collected during the interviews, from participant responses to the question “Did you 

like interacting with the sand?” The responses were as follows:

29 out of 30 participants (97%) said they liked the sand

1 out of 30 (3%) said that he did not like the sand

The data shows that most participants liked interacting with the sand.
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7.6. B.22 Installation arrangement
Data was collected during the interviews from participant responses to the question “What did 

you think of the set-up of the work?” The responses were very varied and make it difficult to 

reach a conclusive interpretation. That is while some responses indicate a liking of the set-up 

and finding it comfortable; others found the dual image display (screen and sand-based) 

distracting and many indicated dissatisfaction with the installation arrangement. Further 

investigation is required in order to address this issue.

7.6. C SUMMARY OF MAIN STUDY

The primary aims of this study were to confirm (a) and classify (b) instances of emergent 

participant experience during interaction. Correspondingly, the primary findings are that 16 out 

of the 30 participants experienced emergence and a total of 25 instances of emergence were 

clearly identifiable (within these 16 cases) (a). These 25 instances constitute 3 different classes

(b). They are Referenced extrinsic perceptual emergence (s7.6.B.2); Referenced intrinsic 

perceptual emergence (s7.6.B.3) and Concrete intrinsic perceptual emergence (s7.6.B.4).

The other study aims, taken from s7.6.A concern: (c) a correspondence between emergence and 

having a background in drawing, (d) difficulty interacting with the work, (e) experience of the 

sand and the (f) experience of the installation arrangement.

The findings that correspond to each of these latter aims show:

(c) a slight tendency for participants who do not have a background in drawing to 

be more likely to experience emergence (s7.6.B.14)

(d) most participants consider the work easy or straightforward to interact with 

(S7.6.B.20)

(e) most participants liked interacting with the sand (s7.6.B.21)

(f) the installation arrangements do not appear to be wholly satisfactory and 

require further investigation (s7.6.B.22)

The main study also found:

(g) TMl’s ‘infinitely variable’ experience which accompanied his emergent 

behaviour (s7.6.B.5)

(h) Six non-emergent behaviours, classified as such because they either lack the 

quality of an emergent whole or because they lack novelty (to interactive 

artworks generally). They are: dusting the sand from hands, mark making, 

tidying up, assessing, resetting and anthropomorphising.

(i) A slight tendency for participants who are experts to experience emergence
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(j) A tendency for participants who make marks to be more likely to experience 

emergence

(k) A tendency that as interaction duration increases, people are more likely to 

experience emergence.

(l) Finally it was also found that the most common type of emergence occurring 

was the experience of emergent compositions.

7.7 CONCLUSION
This chapter has described the aims and findings from all three studies conducted in this 

Practice-based research effort. These are the Glass Pond and +-now exploratory studies and the 

+-now main study. This latter study is the core evaluation research effort of the Ph.D. Prior to 

summarising its findings I will however briefly list the findings from the preceding exploratory 

studies.

Firstly, the Glass Pond exploratory study sought to find out if the work supported reflective and 

exploratory experience as well as what the experience was like more generally and to look at 

issues related to the design of the work. This study found participants to have exploratory, 

reflective and composing experiences during their interaction with the work. Participants were 

also found to come up with goals for interaction during their interaction and the geo-forms 

image was found difficult to control and unpredictable by some participants. One participant 

was found to wait and watch for ‘ghosting’. Design related issues found are discomfort from the 

installation arrangement, dislike of the feeling of the wet sand, ‘false’ sensor input from the 

shadows of hands and arms triggering system responses and lack of visibility of the ‘ghosting’ 

imagery.

Some of these Glass Pond findings directed me towards emergence as a research topic. This 

was discussed in s7.4.

Secondly, the +-now exploratory study confirmed that a participant could interpret new 

(emergent) shapes and compositions during interaction. Furthermore these were found to be 

both dynamic and facilitate continued interaction.

The main study’s primary aim was to confirm and classify instances of emergent participant 

experience during interaction. Thus the primary findings are that 16 out of the 30 participants 

experienced emergence and a total of 25 instances of emergence were clearly identifiable 

(within these 16 cases). These 25 instances constitute 3 different classes. They are referenced 

extrinsic perceptual emergence (emergent compositions); referenced intrinsic perceptual 

emergence (referenced behaviours) and concrete intrinsic perceptual emergence (concrete
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behaviours). Each of these types was explained and exemplified with examples drawn directly 

from the data.

A participant experience that relates directly to my conceptual structure was also found (s5.2). 

This was the ‘infinitely variable’ experience of participant TM1 (s7.6.B.5). His description 

accompanied a concrete emergent behaviour. Its implications for design are discussed in the 

next chapter (s8.3.A)

Six other behaviours that were identified have also been described: dusting the sand from hands, 

mark making, tidying up, assessing, resetting and anthropomorphising. All are non-emergent. 

This is either because they lack the quality of an emergent whole or because they lack novelty 

(to interactive artworks generally).

The displays found that there was a slight tendency for participants who do not have a 

background in drawing to be more likely to experience emergence; a slight tendency for 

participants who are experts to experience emergence; a tendency for participants who make 

marks to be more likely to experience emergence; a tendency that as interaction duration 

increases, people are more likely to experience emergence.

Finally it was also found that the most common type of emergence occurring was the experience 

of emergent compositions.

These findings have implications for subsequent art systems, for my practice and for the design 

of emergent and interactive art systems by other artists and designers. Implications for practice 

and for design are discussed in the next chapter (8). Thus chapter 8 returns the thesis discussion 

to practice.
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8 IMPLICATIONS FOR PRACTICE & 
DESIGN

8.1 INTRODUCTION
This chapter describes the implications of the findings for my personal practice and more 

generally, for design. It reflects on the study findings from (chapter 7) and on my practice 

(chapter 5). Broadly speaking, the chapter comprises two halves. The first half is oriented 

towards my personal practice while the second half is also applicable to other practitioners, 

describing design tactics and concepts. This chapter is therefore focused on the process of 

‘making’: describing it firstly as a personal effort and then more generally in terms of design.

8.2 IMPLICATIONS FOR PRACTICE
Key implications for my personal creative practice are now reviewed. These were generated by 

reflecting on the study findings from chapter 7 and on my practice of making the artwork. The 

methods of reflection are described in s3.2.B.l, the study findings are summarised in s7.7 and 

the creation of the art systems is described throughout chapter 5. The implications presented 

here are the things that have changed for me as an artist, throughout the process of doing this 

PBR effort; and the things that I would do differently. These things relate to finding emergence, 

to the duration of participant interaction, to the qualities of sand and the experiences it can 

afford and to changes in my thinking and practice. They are now detailed.

8.2.A FINDING EMERGENCE IN GLASS POND

The Glass Pond exploratory study findings include composing and anticipating behaviours, 

issues of participant control and perceived lack of predictability of the system and emergent 

goals (s7.3.B.3, S7.3.B.4, s7.3.B.5 and s7.3.B.6). I reflected on these findings to reframe the 

conceptual structure. A research interest in emergence resulted. This was described in s7.4.

The reframing of the conceptual structure also involved considerations of open-ness. 

Specifically, I initially aimed at generating a complex enough environment to sustain extended 

exploration. This implicit agenda item concerns the abundance of form in the natural 

environment and was described in chapter 4. It subsequently evolved into a consideration of 

open-ness, which converged with the interest in emergence. The reframing of concepts is 

described in s5.2. Another aspect of my practice that directed me towards emergence was the
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method used to create the geo-forms in Glass Pond. This method draws on opacity and is very 

similar to the subsequent, novel method for instantiating emergent shapes. This similarity is 

discussed in s5.4 and the novel method for instantiating emergent shapes was discussed in s5.6.

In this way the Glass Pond exploratory study findings, reflections on landscape studies and 

theory, and an evolving technique for the creation of the images all directed me towards 

emergence as a research topic.

8.2. B INTERACTION DURATION

Firstly, findings from the main study revealed a tendency for emergent experience to increase as 

interaction duration increases. In subsequent installations of the +-now work I would therefore 

encourage participants to interact with the work in excess of 10 minutes. This could be 

accomplished through the poster text, which might communicate this study finding or it might 

state the possible requirement for longer interaction more generally.

8.2. C SAND AND EXPERIENCE

Secondly, the Glass Pond study findings revealed that interaction with the wet brown (river) 

sand was unpleasant for some participants, leading them to avoid touching it (s7.3.B.8). This 

implied that participant dislike of the sand was curtailing participant touching and interacting 

with the work. I therefore decided to change the type of sand used. The subsequent work +-now 

therefore uses dry, fine white beach sand. Subsequent evaluation of participant experience of the 

sand in +-now revealed that 29 of the 30 participants liked touching it (s7.6.B.21); confirming 

my decision to change the interface material.

8.2. D PHYSICAL INSTALLATION

Glass Pond study findings also revealed that the installation was problematic. For example, 

Participant 2 indicated that the field of view required for interaction was too large. That is, he 

believed that a set up which reduces the gap between the sand tray and the screen so that both 

can be taken in with one glance, would alleviate his discomfort. Reflection on this issue made 

me wonder this closer integration of interaction and screen spaces could promote fuller 

exploration of the work as well as increase comfort. Several possibilities, such as raising the 

sand tray, providing a chair for the participant or an augmented reality interface were 

considered. The final solution involved raising the sand tray and using an augmented reality 

interface. The result is an image on the sand. However, as shown in Figure 24, the screer image 

was also retained.

The work had evolved to require this wall image in addition to the sand image. Mail study 

findings on the installation arrangement have, however indicated that the issue rjmains 

problematic for some participants. Thus it requires further investigation.
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8.2. E CHANGES TO MY THINKING AND PRACTICE

Some of the Glass Pond study findings also changed my thinking about art practice. These were 

the findings where participants disliked the sand (s7.3.B.8) or felt frustrated and could not 

control or predict the geo-forms (s7.3.B.5). These findings implied that the participant’s 

dissatisfaction with this interactive aspect of the work was affecting their tendency to explore it 

to its full potential; that is, to ‘complete’ it. I came to this conclusion as I realised that the 

interactive artwork necessitates interaction in order to exist, to be ‘completed’. Thus while it 

remains legitimate to create unpleasant interaction experiences, as one might deal with 

unpleasant subject matter in painting, where a participant declines interaction with the 

interactive artwork this means the interactive artwork is unfinished in a sense that is different to 

someone who simply refuses to view the painting they find unpleasant. In the painting, its form 

has already been set and finished. In the interactive artwork however its form has not yet been 

realised. This issue increases the more open the work becomes, that is the more unpredictable, 

interpretive and so on it becomes.

The Glass Pond study findings forced me to change the way I view art making. My first thought 

in making work had always been to “make the work for myself’ that is, to not be constrained in 

aesthetic decisions by thinking about the other’s interpretation of it. However, upon accepting 

the active role of the participant in completing the artwork, this view changed. It has changed in 

two ways: by considering the participant as a collaborator and by employing evaluation. In 

terms of collaboration, I now see the participant’s role as a creative opportunity. For example, it 

enables the exploration of perceptual emergence. In terms of evaluation, this has now become 

an integral aspect of my work. This is because the situation talk-back it generates enables me to 

understand the nature or form of the work I am making.

8.2. F ABSTRACTION

I have also observed a trajectory in the artworks I have created and discussed here. This is an 

increasing tendency towards abstracted forms and the intangible concept of experience. It is 

apparent when viewing three artefacts: the landscape studies created preliminary to the art 

systems and Ph.D. program; the Glass Pond interactive art system and the +-now interactive art 

system. I would describe the first, landscape studies as investigating visual forms (Figure 15) 

and interpreting the site very directly with a topographic model (Figure 16). Secondly, Glass 

Pond is concerned with a specific experience gathered at that site; namely reflection and 

exploration. It also uses representational (photographic) imagery from that site for the dappled 

light object to evoke a sense of that place. Third, +-now is concerned with experience of 

emergence and perception more generally. It does not use any representational imagery 

although it does refer to the dynamic behaviour of light on the water. Put another way, the

183



landscape studies directly represent the landscape by including photographs or models of it; 

Glass Pond includes a silhouetted image from that landscape but mostly refers to an (intangible) 

experience of that place; and +-now refers to the (intangible) behaviour of light on the water 

and an (intangible) perceptual experience that is not specific to that landscape.

It is therefore possible to interpret the nature of these works as changing, moving towards 

intangible behaviours or experience, a broadening of interpretations and an abstracted 

interpretation of that landscape. Conversely, it is also possible to interpret their nature as tending 

to move away from reliance on a specific, literal representation of a visual form or feature.

8.2.G AFFORDANCES OF SAND AND EMERGENCE

Main study findings indicate that those participants who made marks during their interaction 

session were also more likely to experience emergence. In addition, sand affords mark making. I 

have reflected on this to wonder what role sand plays in facilitating emergent experience.

This same question was also arrived at from a theoretical perspective. As explained earlier, sand 

is ‘open’ (s2.3.I). Briefly, sand play therapy is considered to have grown out of Floor Games, a 

story about children’s games by H.G. Wells (1911). Like the simple wooden blocks in the story, 

the sand in +-now is also something that can be interacted with in many different ways. That is, 

it is open to multiple interpretations of use. Openness is also a property of emergence (s2.3.E, 

Seevinck and Edmonds (2009)).

Considering sand in terms of its affordances - specifically openness and mark making - lead me 

to think that there may be a relationship between this material and the incidences of emergence. 

Further investigation is however required.

The second half of this chapter generalises from some of the above discussion and from the 

study findings to discuss implications for design.

8.3 IMPLICATIONS FOR DESIGN
Key implications for design are now reviewed. As with the implications for practice presented 

above, these were also generated by reflecting on the study findings from chapter 7. The 

implications presented here are mechanisms and design suggestions to facilitate the creation of 

emergent interactive art systems. They relate to open-ended and emergence interactive 

experiences. Evaluation of emergent interactive art systems is also facilitated by research 

conducted here, specifically the development of emergence criteria codes and a mapping 

scheme which describes a process for applying them to the data.
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8.3.A OPENNESS IN INTERACTION

Reflections on practice have revealed the necessity of designing open interactions and the 

ability to do this using emergence. These insights can benefit other practitioners as well.

I arrived at them through practice, theory and evaluation research. In terms of practice the 

development of my conceptual structure (s5.2) led me to understand that the landscape is 

‘open’: it is constantly changing and unpredictable and it supports multiple interpretations. For 

example a lake can be a place for play, quiet reflection, water storage, fishing or a habitat for 

wildlife. Theory confirms these qualities as those of open-ness: Sengers and Gaver relate 

openness to ambiguity of interpretation (Sengers and Gaver, 2006) while Eco also describes the 

open work as something unfinished until it is creatively interpreted; and also as something 

inexhaustible with a field of possibilities (Eco, 1962). I later extended my thinking about 

openness in nature to the human condition - that is, our interactions in the natural world and 

everyday life are also characteristically open (Seevinck and Edmonds, 2009).

Emergence could be used as a mechanism to achieve openness in interaction design (Seevinck, 

to appear, 2011, Seevinck and Edmonds, 2009). In this sense, emergent interaction design can 

be used to facilitate more natural interaction experiences.

An example of emergent interaction and natural experience was found in the main study of +- 

now. As described in s7.6.B.5, participant TM1 exhibited a concrete emergent behaviour ‘stir, 

wait, feel’. He subsequently described this experience as having a "magical depth” with 

“infinite variation” and compared it to looking at stars. This shows how an emergent behaviour 

(stir, wait, feel), an open system (infinite variation) and the natural world (stars) can converge in 

participant experience of the interactive system.

Openness in interaction is an area which is under-investigated. By considering the open-ness of 

an interaction we are availed of a range of new possibilities for design. These mimic the natural 

world and cater more toward human nature. They also alter the participant’s role from a user to 

a collaborator, increasing the opportunity for creative collaboration between artist/designer and 

participant.

The broad body of emergence research can help. It can provide methods and insights into the 

creation of open environments and behaviours. The interactive art system +-now is an example 

of how openness can be facilitated through emergence based on perception. These issues and 

the example from +-now is hoped to be helpful to other practitioners in interactive art and 

design.
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8.3. B UNPREDICTABILITY AND UNDERSTANDING

Issues surrounding participant’s perception of the unpredictability of the system have been 

critical to my PBR effort. They are also of primary importance to any creation of interactive art 

systems that facilitate emergent or open experiences.

Unpredictability was a finding from the first exploratory study of Glass Pond (s7.3.B.5). Here 

the participants described an inability to predict the behaviour of the geo-forms image. This 

negative participant experience is of concern to me as a practitioner, as discussed in s8.2.E. It is 

also of concern to designers generally since interaction design aims to maximise productivity 

and efficiency (Sengers and Gaver, 2006) which would prioritise predictability during 

interaction.

Unpredictability is however a characteristic of emergence and of open systems. It is also 

implied by creativity. An example is Eco’s description of a ‘work in movement’. This is open to 

the interpretation of the performer for its completion; that is in a work in movement the artist 

cedes some creative control to the performer and as a result aspects of the final performance 

cannot be predicted (Eco, 1962). Interacting with the emergent art system +-now has resulted in 

the interpretation of temporal compositions. The heartbeat composition is an example of this.

The emergent interaction experience with its implicit lack of predictability, does not, however, 

have to mean reduced participant experience. I have found that by addressing the quality of 

participant experience in other ways, the negative impact of this unpredictability can be 

mediated. Three approaches to addressing participant experience when faced with unpredictable 

interaction are designing for anticipation and understanding and employing evaluation research. 

Each of these is now discussed.

8.3. B.1 Anticipation
Findings from the Glass Pond exploratory study showed that one participant would anticipate 

the unpredictable appearance of the geo-forms image. As described in S.7.3.B.4 he said “here 

comes a good one” . This finding suggests that waiting for an unpredictable response could be a 

way to address the negative effects of that unpredictable response. It also suggests an area for 

future work.

8.3. B.2 Understanding
Secondly, the issue of unpredictability in interaction may also be reconciled by facilitating 

understanding of the system behaviour to the participant. This relates to the ability to explain 

something that is emergent (s2.2.A.5). My research into this area has revealed a number of 

facilitating methods, subsequently detailed. They are structural transparency, feedback and 

priming. Evaluation research methods were also used (s8.3.C).
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Structural transparency and feedback
Firstly, design using feedback and structural transparency are not unfamiliar to HCI design (e.g. 

Bowman, Kruijff, LaViola and Poupyrev, 2001, Norman, 2002). However they have also come 

out of my practice. Here I show how they have been used within the interactive art system +- 

now. Firstly, feedback works by confirming to users that their input is registering with the 

system. For example, in +-now the colourful, augmented, sand surface provides immediate 

feedback that gestures in the sand have registered successfully. This confirmation is valuable as 

there is a delay until the layered images on the large screen build up enough for emergent 

shapes to become visible.

Structural transparency works by establishing a causal relationship between the participant and 

system. For example, in the installation of Homographies Subsculpture 7, artist Lozano- 

Hemmer includes a representation of the tracking system (Lozano-Hemmer, 2006). This 

provides the participant with insight into how their movements are affecting the work. 

Homographies Subsculpture 7 also features intermittent ‘interludes’ where the moving 

fluorescent tubes briefly cease being influenced by people to instead run through a series of pre

set arrangements. This ordered choreography further communicates the system’s potential for 

order to the participants. In combination with the tracking information, it provides the public 

with the means to infer a relationship between their action and the system. By facilitating an 

understanding of the underlying structures a sense of predictability is afforded to the participant. 

In +-now the process by which the emergent shapes are created is clearly presented. The 

transparent layers of imagery that add together over time and result in opaque, emergent shapes 

are easily observed to follow each gesture in the sand. This is intended to communicate 

understanding and provide feedback and a sense of control. Making the structure evident can be 

considered a design tactic.

Priming
Also related to the issue of unpredictability in emergence, is issue of being able to detect the 

emergent feature. That is, a participant’s ability to recognise something not previously seen; that 

is detecting emergence for the first time. The priming techniques discussed here aim to address 

the novelty and unpredictability of the emergent structure in order to make it easier to perceive. 

They come from information visualisation literature and are illustrated by looking at an artwork.

Firstly, researchers in information visualisation are concerned with the issue of detecting 

patterns. One mechanism for dealing with this detection is the use of‘priming’ (Ware, 2004). 

Priming involves exposing the researcher briefly to patterns, prior to interacting with the 

visualisation. This is believed to increase their receptivity to any patterns. Prior exposure to 

sample emergent features may also be useful for the participants in an interactive artwork. This

is because it could also increase their receptivity to any incidences of emergent features.
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Priming is illustrated in the installation work of Lozano-Hemmer. For example, in 

Homographies Subsculpture 7 (Lozano-Hemmer, 2006) the ‘interludes’ mode can be considered 

a form of priming in that it communicates the system’s potential for order. In this way it 

facilitates detection of emergent patterns or compositions in the behaviour of the robotic 

fluorescent tubes. Further, practical work in this area is needed to see how priming may benefit 

the detection of emergent features during interaction.

8.3. C CREATIVITY IN EMERGENCE

The relationship between emergence and creativity inform emergent interaction. Specifically, 

creative interaction opportunities become possible.

Emergent interaction places the participant in a creative role, with increased responsibility. The 

artist cedes control to the participant in the interactive artwork, and also cedes control to the 

emergent system in emergence-based works. Creativity is also an integral part of open 

interactions. As discussed earlier (s2.2.A.9), emergence is fundamental to creative thought 

because the creative thought introduces something new (Edmonds 1995). Furthermore, the 

ambiguity of drawing leads to multiple possible interpretations and potential design solutions 

(Mitchell 1990).

Creative interactions were found to occur during interaction with the art systems. For example, 

the heartbeat and animating compositions created during interaction with +-noxv (Seevinck and 

Edmonds (2008), s7.5.B, s7.6.B.3). Composing behaviours were also found from the Glass 

Pond study (Seevinck, Candy and Edmonds (2006), S7.3.B.3).

8.3. D EVALUATION

Evaluation can be used to find out whether or not perceptual emergence occurred. It can also be 

used to find out about the quality of the participant’s experience. Given that emergence’s 

characteristics (lack of predictability, control and multiplicity (ambiguity) of interpretation) 

differ from the prevalent HCI approach, the emergent interaction environment may run counter 

to a participant’s expectations. These issues require evaluation to determine if the response 

generated is in accordance with the application goals.

These differences to prevalent HCI approaches may also necessitate the development of new 

evaluation criteria. Sengers and Gaver (2006) argue that when evaluating open designs one 

cannot focus on whether a single interpretation was generated but should instead be asking 

questions like ‘how many interpretations were generated?’ Similarly, the evaluation of 

emergence in interactive art or design might endeavour to find out about the diversity and 

quality of interpretations afforded. Other possibilities are the quality of interaction and 

creativity, type of emergence found (as classified in the taxonomy s2.2.B) and participant
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understanding of the how the emergence is generated (as may be facilitated through structural 

transparency and feedback).

Evaluation findings can also be used to refine and further develop the work, where it is 

conducted within an iterative design structure. For example, the findings from the Glass Pond 

exploratory study led me to reconsider the design of the work, increasing the feedback and 

enabling understanding of how it behaved, in order to improve the quality of participant 

experience. +-now was subsequently created. It was also evaluated in a main study.

This main study of +-now found that 53% of the participants experienced emergence in some 

form. Unpredictability was also investigated in a broad sense, in terms of participant ‘ease of 

interaction’. This found that most participants consider the work easy or straightforward to 

interact with (s7.6.B.20). Thus the issue of unpredictability that was problematic for participant 

experience in Glass Pond appears to have been resolved in +-now. This could be due to the use 

of structural transparency and feedback techniques.

8.4 SUMMARY
This chapter has discussed implications from the study findings presented in chapter 7 and 

reflections on the practice of making artworks, described throughout chapter 5. Two kinds of 

implications have been discussed. These are firstly, for my personal creative practice and 

secondly for design more generally. Firstly, the implications for practice relate to emergence as 

an outcome from the Glass Pond exploratory study, to the duration of participant interaction, the 

qualities of sand and changes that have occurred in my thinking and practice throughout this 

PBR effort. These implications have provided insight into my practice.

Secondly, the implications for design presented here are concerned with design for open-ended 

interactions and emergent interactions. Openness was described as a quality of the natural world 

and facilitated by emergence. Design tactics that were discussed are the use of evaluations and 

designing for anticipation and understanding of the system behaviour to alleviate negative 

participant experiences of unpredictability.

Some of the implications presented are more hypotheses rather than creative insights. As such, 

they require further investigations. The areas presented here which require additional practice- 

based research are concerned with the physical installation of +-now, the relationship between 

the affordances of the sand and emergent experience, the potential of open-ended interactions in 

computer applications as well as further exploration of design tactics structural transparency and 

priming. Other questions are also still remaining for future work. These are described in the 

following chapter. This concluding chapter begins with a summary of all the thesis outcomes 

before describing how these PBR efforts can be built upon.
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9 CONCLUSION
9.1 INTRODUCTION
As described in chapter 1, this thesis investigates the nature and role of emergence in interactive 

art. The approach used is Practice-based research (PBR), involving the practical creation of 

artworks (artefacts), evaluation research into participant experience of these and theoretical 

investigations. In this last chapter I restate the research aims and match them against primary 

outcomes (s9.2). All thesis outcomes are then summarised (s9.3). The thesis concludes with a 

discussion of potential future work (s9.4).

9.2 AIMS AND OUTCOMES
The research aims of this thesis were described in s 1.1. These were threefold, requiring theory, 

practice and evaluation research. They aim to investigate each of the following:

(1) The definition and classification of emergence in interactive art

(2) The creation of emergent experience in interactive art, from the artist’s perspective

(3) The participant’s experience of emergence

These three research aims are also shown on the left in Figure 48 with the corresponding 

outcomes on the right. The most significant outcomes are subsequently described.

Figure 48 Research aims and corresponding outcomes

(1 definition 
and
classification

(1)Taxonomy 
of Emergence 
in Interactive 
Art .(3)Participant’s

experience(2)Artist’s
considerations

(3) Participant 
study findings 
on emergence 
etc

(2)lnteractive 
art systems, 
design 
insights, etc

(1) In response to the first aim a taxonomy of emergence in interactive art was constructed. This 

defines and classifies emergent experience.
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(2) Secondly, artist considerations for creating emergent experience were addressed by creating 

two interactive art systems: Glass Pond (2005) and +-now (2008). Practitioner reflections 

implicit in their making led to design insights concerning unpredictability in interaction design.

(3) Thirdly, participant experience of emergent, interactive art was investigated through three 

participant studies. The main study of +-now found that 53% of participants experienced 

emergence (16 out of 30). Within these 16 participant interaction sessions, 25 instances of 

emergence were clearly identified. Lastly, the most common type of emergence found was 

‘referenced, extrinsic perceptual emergence’; or emergent compositions.

The Practice-based research effort produced other outcomes as well. All the outcomes from this 

effort are now summarised

9.3 SUMMARY OF THESIS OUTCOMES
9.3. A GLASS POND AND -NOW

Two interactive art systems Glass Pond (2005) and +-now (2008) have been created. They are 

described in chapter 5. Briefly, both are operational hardware and software systems and both 

use sand as the interface for interacting with the work. This qualifies them as instances of 

Tangible Computing. Both works also use real-time, three-dimensional procedural graphics 

techniques to generate their imagery. This imagery is projected on a wall screen in front of the 

sand interface. In +-now, an image is also projected directly on the sand, further qualifying it as 

an Augmented Reality display. +-now is the core artwork of the thesis. It has been found to 

facilitate the experience of emergence.

The two artworks have several similarities. This is due to a common, but evolving conceptual 

structure; which is itself a result of my PBR method of iteratively Reflecting-in-action (s3.4s). 

The development of this conceptual structure is described in s5.2. Briefly, it involved 

abstracting visual forms from landscape studies and reframing these as a reflective and 

exploratory experience. This initial concept informed the creation of Glass Pond; which was 

subsequently evaluated. This evaluation combined with additional practice and theoretical 

research to reframe the conceptual structure yet again. The resulting concept was concerned 

with emergent participant experience. This revised concept informed the creation of +-now.

9.3. B NOVEL METHOD FOR EMERGENT SHAPES

The creation of the second art system, +-now, involved some technical innovation. This is the 

novel method for instantiating emergent shapes. Using the computer to firstly, recognise and 

secondly, render emergent shapes has been a challenge to design researchers. My approach 

addresses the second issue; that is, it is a new way of instantiating the perception of these
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shapes. Where similar research efforts on this issue rely on interpreting regions of pixels or 

lines, my approach relies on opacity and a history of participant gestures to create them. It is 

detailed in s5.6.

9.3.C TAXONOMY OF EMERGENCE IN INTERACTIVE ART

Another outcome from this thesis is the taxonomy of emergence in interactive art. This 

taxonomy relies on a definition of emergence as where something new or surprising occurs that 

wasn’t there before and is not immediately deducible from the preceding conditions. In addition, 

this emergence is a whole that is greater than the sum of its parts. The definition and the 

taxonomy are the product of the literature survey research (chapter 2) and my evaluation 

findings (chapter 7).

As described in chapter 2, the literature survey consulted research in various domains ranging 

from design research, computer science, artificial life, physics to Gestalt theory. Literature from 

cognitive science and the philosophy of mind were not included because they fall outside the 

scope of this research (that is, the thinking processes of observers, etc fall outside the scope of 

this research). I am purely concerned with emergence in the context of and in the service of 

interactive art. The concern is with the fact of emergence rather than the mental processes 

associated with it.

Emergence literature reveals a key distinction in how the role of an observer is viewed. This is 

addressed by distinguishing two primary classes of emergence. Thus I firstly differentiate 

between ‘perceptual emergence’ which relies on an observer to exist and ‘physical emergence’ 

which does not require an observer. This primary distinction is followed by a differentiation 

between emergence which feeds back from the whole to the parts (that is, the emergence is 

‘intrinsic’ to the structure) and emergence where there is no feedback between the whole and 

parts (extrinsic emergence).

At this point the taxonomy is also informed by literature from the arts. This is appropriate given 

its context in interactive art. Thus the third level of the taxonomy distinguishes between 

referenced and concrete emergence. Referenced emergence is where the instance refers to 

something else, such as interpreting the screen image in +-now as a face and ‘boids’, the 

artificial life simulation of birds flocking (Reynolds, 1987). Concrete emergence is where the 

emergent instance is completely new and nothing is referred to, for example the behaviours of 

‘bluffing’ during poker or ‘following the lights’ during interaction with +-now. The taxonomy 

is described in s2.2.B and illustrated in Table 2. As shown there, eight classes of emergence in 

interactive art are identified: 4A concrete extrinsic perceptual emergence, 4B referenced 

extrinsic perceptual emergence, 4C concrete intrinsic perceptual emergence , 4D referenced 

intrinsic perceptual emergence, 4E concrete extrinsic physical emergence, 4F referenced
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extrinsic physical emergence, 4G concrete intrinsic physical emergence and 4H referenced 

intrinsic physical emergence.

9.3. D STUDY FINDINGS

The three studies have all contributed findings to the research. The most significant of these was 

from the main study. 25 instances of emergence were clearly evident in this main study These 

were found in 16 of the 30 participants. Three types of were detected in these 25 instances. They 

are the types 4B, 4C and 4D in the above list. All the instances found are perceptual emergence 

and the most common type of emergence found was emergent compositions (4B).

Other main study findings are as follows: firstly, sand was found to be a positive experience for 

all participants except 1 and most participants found the work easy to interact with. The 

arrangement of the installation was, however, unsatisfactory for some participants. I also found 

that participants who make marks during interaction with the work are more likely to experience 

emergence and that as interaction duration increases participants tend to be more likely to 

experience emergence. Lastly, one participant described the work as similar to looking at the 

stars and having ‘infinite variation'. This was particularly significant as it relates to the concept 

of open-ness that has informed the creation of the work.

The preceding exploratory study of +-now also had a significant finding for my practice. It 

showed that the work was able to facilitate emergent experience, specifically emergent 

behaviour. This was unexpected.

Lastly, findings from the exploratory study of Glass Pond showed that exploratory, reflective 

and compositional behaviours occurred. Other issues were concerned with discomfort from the 

sand and installation arrangement, lack of control of the geo-form shapes, anticipation of these 

shapes and emergent goals. The emergent goals led me to study emergence as a research topic.

The Glass Pond exploratory study and the +-now main study also involved coding as part of 

analysing the data. Codes were therefore induced from the data and coding schemes produced. 

In Glass Pond, these new codes relate to composing and modelling movements (as necessitated 

by the sand). In +-now the composite coding scheme and emergence criteria coding schemes 

facilitated identifying emergent events.

9.3. E IMPLICATIONS OF FINDINGS

Two kinds of implications are now described. These are firstly for my personal creative practice 

and secondly for design more generally.

9.3. E.1 Insight into practice
The implications for practice relate to emergence as an outcome from the Glass Pond 

exploratory study, to the duration of participant interaction, the qualities of sand and changes 
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that have occurred in my thinking and practice throughout this PBR effort. Key outcomes 

include awareness that evaluation is critical to my interactive art practice. Another key finding 

is a trajectory in my creative work from representational towards abstraction.

9.3.E.2 Insight into Design
The implications for design are concerned with openness in interaction, resolving 

unpredictability in participant experience and the use of evaluation.

In terms of open interaction, early landscape studies led to my interest in openness, in particular 

open-ended systems and interactions. Since emergence is open, the creation of interactive 

systems that facilitate emergence can firstly, result in open interactions and secondly create 

interactions that are similar to those we have in the natural world.

Unpredictability is another area where design insights are offered. It is a finding from the 

exploratory study of Glass Pond. It was addressed when making the subsequent interactive art 

system +-now. Specifically, I relied on transparency in the structure and the provision of 

feedback. Other design tactics which were not explicitly implemented but instead observed or 

researched are also discussed. These are designing for anticipation and priming, respectively.

Evaluation
Evaluation was also discussed as it can reveal whether or not emergence was experienced, what 

the quality of the interaction experience was like, and so on. Evaluation criteria for emergent 

(and open) systems, such as an investigation of the different types of emergence that might 

occur were also suggested.

This section has summarised all the outcomes from the thesis. As I move on from this thesis I 

expect that my future work will continue to look at open and emergent interactions for art. Some 

specific areas that relate to this are now described.

9.4 FUTURE WORK
Concerning emergence, in particular
Emergence can be intentionally facilitated by the artist. The thesis has shown several 

mechanisms that can contribute to creating emergent interactive art (or design) systems 

(s9.3.E.2). Occurrences of perceptual emergence can also, however, be detected in artworks 

created without the intention of being emergent. This is through analysis, by drawing on the 

taxonomy and mapping and coding systems presented earlier (s2.2.B, s6.4.C). Viewing (any) 

interactive work through the lens of emergence can reveal its depth and reach: the horizons and 

openness of the work. Seeing a work realised by a participant in unexpectedly new ways also
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reveals its creative potential. When a participant exercises their creativity in a way that extends 

the artist’s compositional efforts, this can be very exciting for the artist. And seeing new 

horizons for your work, when it seems to take on a life of its own, is even more rewarding still. 

Analysing work through the lens of emergence can determine its potential for emergence and, in 

so doing, its open-endedness and creative potential. Future work could investigate the value of 

using emergence-based analysis on other works, and possibly even as an indicator of the 

interactive potential of works.

Most significant to me are occurrences of concrete emergence in the artwork. These emergent 

interaction behaviours and experiences do not refer to anything else in the world - no metaphor 

or analogy but instead are completely new and unique to the work. They are valuable to better 

understand the artwork because the occurrence of surprising events (emergence) extends the 

horizons of the work. They provide insight into its open-endedness. They also resonate with my 

growing interest in abstraction. Future work in concrete emergence is therefore of great interest 

to me.

Concerning the making of work
Design insights from the thesis can also be built upon. These include anticipation and priming, 

structural transparency and the role of materials on effecting emergence. Other issues relating 

directly to the practical work here are staging the works differently and 3D interaction 

techniques.

Firstly, anticipation was found to occur in the Glass Pond exploratory when a participant was 

‘watching for the ghosting’, the unpredictable geo-forms. 1 have drawn on this finding to 

describe anticipation as a possible design tactic to alleviate the negative experience of 

unpredictability in interaction. Priming has been suggested for the same reason. Future artwork 

could investigate these further, for example the interaction experience could be designed around 

a sense of anticipation and waiting for the unpredictable event to occur, while also being primed 

for its arrival. Anticipation, waiting and priming could be explored in more detail to become a 

part of the work. They could even become the focus, the subject of an interactive artwork.

Another area for future work which also concerns the design insights is the use of structural 

transparency. Structural transparency is a characteristic of the Constructivist art movement. 

Given my increasing interest in abstraction (see below), I am very interested in how Structural 

transparency and abstraction might coincide or be brought together. Furthermore, what are the 

implications for concrete types of emergence?

Evaluation findings from +-now revealed that participants observed to make marks were more 

likely to experience emergence and that the most common form of emergence during interaction 

with +-now was emergent compositions. In addition, sand naturally affords making marks. This 
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has led me to wonder if emergent compositions could correspond to mark making? Or more 

broadly speaking, if emergent compositions could correspond to the sand interface? If the 

correlation were there then this might account for the prevalence of emergent compositions. My 

preference is for concrete types of emergence and this has guided my thinking on the sand and 

mark making. Thus I have wondered if another interface material might not encourage more 

concrete emergent behaviours. Or if another interface material which retains the affordances 

necessary for concrete emergence but does not so readily support composing, could reduce the 

amount of emergent compositions in favour of increasing the amount of concrete emergence? 

Investigating the relationship between materials, affordances and emergence is a rich area for 

future work, particularly the creation of a new interactive artwork.

Study findings also revealed that there are issues with the installation arrangement. In particular, 

some participants found the split between a horizontal interaction surface and vertical display 

uncomfortable and distracting. I have therefore wondered about the impact of this arrangement 

on a participant’s ability to experience emergence and engage fully with the work. I suspect that 

distance from the image is necessary to facilitate interpretation; especially of the emergent 

compositions. Future investigation of these issues might include alternative staging of the 

components such as by extracting the wall screen image out and emphasising its role as a source 

of (non-interactive) reflection.

Another question concerns the implementation of three-dimensional interaction space that is, 

adding depth to the sensor input. These questions include: what sort of mapping and image 

would be appropriate and possible with this added dimension of interaction input? What types 

of behaviours would occur? (I expect more mounding modelling behaviours) Would any new 

emergent participant behaviours occur? And in particular, would any new concrete emergent 

participant behaviours occur?

Concerning participation with the work
Future work may also involve investigating the role of participation in completing the 

interactive work, ceding authorial control, the implications and potential for creative participant 

behaviours and the implications of emergence for determinism in computer art.

One of my conclusions during this PBR effort concerns the necessity of participation for the 

interactive artwork to be fully realised, to be completed: like a score for music or choreography 

is full of unrealised potential until it is performed; interactive art is not finished until that 

interaction occurs. Where this interaction is through participation, the responsibility for the 

completion and form of the work is shared between artist and participant. Participants may need 

education to bring the same appreciation for metaphor and abstraction to interactive art as they 

do to other art; rather than having their behaviour and experience of the work be defined by a
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view of efficient and unambiguous interaction as in the traditional HCI model (as was my 

experience in participant feedback with Glass Pond which complained of the difficulty of 

controlling the work (s7.3.B.5); and as asserted by Feinman (s2.3.A)). Artists and designers also 

have responsibilities. This does not, however, mean they are obligated to design to attract 

participation. Rather they design must reflect the aesthetic intention of the work (which may be 

to repulse, disengage etc - equally valid approaches). Thus the artist needs to ensure the 

aesthetic intention behind the work is met by the design solution. This requires the use of 

appropriate methods such as evaluation and methods from reflective practice. Secondly, I 

believe that a balance must be reached regarding the extent to which the artist listens to other 

voices (such as through the evaluation feedback) over their own, creative voice and the form 

that the work starts to take. Reflective practice methods such as situation talk back can help in 

achieving this balance. I found the conceptual structure very useful for exploring my own voice 

in a way that is unmediated by others. It offset the risk of simply illustrating other’s desires and 

it integrated with the rest of my methods (see chapters 3, 5). The conceptual structure also 

embodies the potential of the work. It is an independent artefact which does not rely on 

participation. It may be that the conceptual structure can mitigate a scenario where participants 

decline to interact with a work, decline to complete it; by providing meaning about the work 

outside that structure. This raises questions about the nature of the conceptual structure: “What 

forms can it take?” “Is it an artwork, a study or a framework?” “Could it be an open work?” I 

have come to view the conceptual structure as embodying the meaning behind a design 

problem, as well as its solution. It facilitates multiple interpretations and it is not completely 

exhausted by the artefact/ artwork. The conceptual structure may be the soul of the work... 

personal and not evaluated by third parties, for me it has sustained the artistic integrity of my 

work while practical, theoretical and research approaches are reconfigured.

Another concern for the artist is the extent to which they cede control to the participant of the 

interactive work, and to the emergent system in physically emergent works (s8.3.C). This 

control is creative, contributing to the final form of the work. In making interactive and 

emergent works the artist needs to strike a balance between external creative influences and 

their own, authorial control. The nature of this balance is, like designing to attract participation 

described above, personally defined by the artist (because it entails issues of aesthetic integrity 

as well as personal expression.) Achieving the balance can be informed by the same methods - 

evaluations, experience (repertoire). The balance needs to weigh up considerations about the 

work becoming an instrument or tool, where the external creative influence is too great. On the 

other hand the artist must also deeply consider the opportunities and expectations they have of 

the system/participant. Thus they will consider any constraints of the system and the creative 

behaviours that are possible within these bounds.
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The advent of interactive art has “opened” art up to participants to “complete” these works in 

what has been described as creative behaviours. Thus as interactive art becomes more prevalent, 

so will creative participation. Emergence is also fundamentally creative. The creation of 

emergent works, or analysing a work through the Tens’ of emergence (discussed at the start of 

this section) will also result in an increased profile of creative participation. Future work may 

include investigating the nature of this creative participation. The taxonomy of emergence can 

facilitate such an investigation: comparing instances of concrete and referenced emergence 

might identity different aspects of this behaviour and how it relates to the composition of the 

artwork as a whole. An analogy is looking for new compositions versus Jazz improvisations, 

respectively to reveal the open-endedness of the work as well as any references the participant is 

drawing on.

As stated earlier (s2.2.A.5), much computer art and indeed interactive art is deterministic. This 

is due to the deterministic nature of the computer and the closed, finite nature of many artworks 

(eg unambiguous implementations of linear or hyper text structures, Feinman’s ‘vending 

machine’ archetype (s2.3.A)). Opening up such systems, such as through ambiguity, 

interpretation or perceptual emergence generally, would alleviate this. It would enable 

surprising and creative participant interactions since, as has also been explained, determinism 

does not preclude emergence (s2.2.A.5). This expansion of a system beyond the computer and 

into the participant, while also facilitating perceptual emergence, would result in an 

indeterminate work. It would be extremely open, approaching the character of the natural world. 

The implications of such a system would require further work, but they would also include 

questions dealt with in this thesis such as negative participant experience of perceived system 

unpredictability.

The process of making work within a PBR framework has been sustained by a number of 

methods, described in chapter 3 and illustrated in chapter 5, 6 and on the DVD. This DVD 

documents some of the creative journey, evaluations as well as the aesthetic objects, the art 

systems themselves. Questions about the exact nature of these artworks within the context of a 

PBR framework have arisen. For me, the authority of the aesthetic object is complete: it exists 

independently of its context and carries full responsibility as an artwork, sketch, etc. The same 

aesthetic judgement and standing applies to the work regardless of its context in or out of a 

research project. As with any other art making efforts, there are both more and less successful 

aesthetic efforts. There are also both more finished and less resolved work; for example 

sketches and prototypes. In this sense the often experimental work created by artists in research 

projects, where these are serving purposes such as learning about the medium, technologies or 

techniques or prototyping a system for evaluations; could be likened to the painter’s sketch 

when planning a composition in oils. Thus the research project can mitigate aesthetic criticism
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of the work, but only in the same way as a draft is focused on growing the artist’s knowledge 

rather than the final aesthetic effect of the work. Finally, as stated above, both the aesthetic 

intention behind the work and critical engagement to the same depth as used for other art forms, 

should inform evaluating the authority of the aesthetic object.

Finally, as shown in chapter 8, my reflections on practice found a trajectory through the 

artworks: that is, an increasing tendency towards abstraction. This raises questions for me such 

as “Where will I go next?” and “Is this trajectory local to my evolving conceptual structure, or 

does it span my practice?” Future work investigating this issue might involve revisiting early 

20th art movements, such as Fluxus and the Constructivists. This is particularly relevant given 

the paradoxical aspect to my work.

Paradox
Practitioner reflection on theory has also revealed a paradoxical aspect to the work presented 

here which may require further work. This follows on from two assumptions: firstly, when a 

participant interprets a face in the image this is classified as an emergent composition, that is, an 

experience of‘referenced extrinsic perceptual emergence’ and if they are animating a face in the 

wall image so that it is ‘talking’; this is classified as an instance of ‘referenced intrinsic 

perceptual emergence’. In the first case the experience refers to a ‘face’ and in the second it 

refers to the behaviour of‘animating’. Thus these are both referenced emergent experiences.

Secondly, where a participant is ‘following the lights’ in the sand to repeatedly touch them and 

render the wall image ‘whiter and whiter’ (as in the interaction session of participant NF2); then 

this is an example of‘concrete intrinsic perceptual emergence’ or concrete emergent behaviour 

as it is known within the study. It is concrete because it does not refer to anything outside of the 

art system.

The concrete and referenced distinction is useful for classifying the nature of the emergent 

experience. It also begins to integrate the concept of emergence with aesthetic concepts. The 

problem comes when one compares the definitions of emergence and concrete: these are very 

similar in that both express a unique and essential character. Thus asserting that something is 

‘concretely’ emergent may, at first glance, appear obsolete. Furthermore the assertion that 

something is a form of‘referenced’ emergence may appear a contradiction; yet design research 

and Gestalt theory have dealt with these situations for many years and not found it problematic. 

This paradox may be reconciled by consulting art movements such as Fluxus and 

Constructivism since they deal with both the ‘concrete’ and paradox. The concept of ‘concrete 

emergence’ may be fruitful ground for additional exploration, teasing out additional aspects of 

emergence as well as providing opportunities for practice.
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The structure of interaction
Common to all of the preceding discussions and a core part of interactive art is the structure of 

interaction. This issue is of particular concern to me. That is, I believe there is much scope and 

need for further defining the concrete elements of interaction. Interaction is an expanding field 

(s2.3.A) but I also suspect that it may have a trajectory of growth; one whose developments are 

unravelling an increasingly complex and rich ‘medium’.

As discussed earlier (s2.3.A), we have come from an interest in critical spectatorship, through to 

active audiences, participation. Another trajectory is our movement from linear and hypertext 

structures of interaction to networked, generative and evolving structures. I believe it is highly 

possible that within the next few years we will continue to develop our understanding of 

interaction in even more qualitatively different ways. For example, we may accommodate the 

multiple yet coincident interactions that quantum physics ascribes to particles. Pursuing this 

question may involve investigating the advances of science and philosophy. It may also involve 

deeper analysis of the real, natural interactions we engage in every day. That is, a better, 

structured understanding of the nature of interactions we have there could provide opportunities 

for computer mediated interactions. The development of our understanding of the structure of 

interaction could therefore enrich our increasingly computer mediated existence.

A more differentiated and subtle understanding of the structure of interaction would approach 

the depth of understanding implicit in other arts; for example the texture and rhythm of a piece 

of music or the use of mass, light and ritual in architecture. It would expand the palette available 

to interaction artists, designers and participants. Very little work has been done in this area as 

yet. Extending it may lead to the affirmation of interactive art as a medium of communication 

and expression in its own right. One of my primary questions for future work is therefore to ask 

if Interactive Art, like Architecture and Music, does not perhaps have its own Muse?
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APPENDIXA DVD LEAFLET
A DVD is included with the thesis submission for this Practice-based research Ph.D. It is 
recommended that this DVD be viewed prior to reading the thesis.

ART -now
Documentation of the +-now interactive art system as it was 

SYSTEMS installed at Beta_Space, Sydney Powerhouse Museum, 2008.This
compilation begins with a video showing the installation at 
BetaSpace. A slide show follows. This includes still images from 
the installation including close-up views of the image on the sand 
as well as more detailed views of the installation. Next, the artist is 
shown to interact with the work in Beta Space. During these 
interactions emergent experiences found during the main study are 
repeated by the artist; for example the perception of ‘shooting 
stars’. The compilation ends with a brief slide show illustrating the 
relationship between light on the water and the use of additive 
colour in +-noxv. No audio.

Glass Pond
Documentation of the Glass Pond interactive art system as it was 
installed at the Creativity and Cognition Studios, University of 
Technology Sydney, 2005. No audio.

BACKGROUND
WORK

Documentation of the work-in-progress towards the creation of 
Glass Pond and +-now. Compilation beginning with a slide show 
overview and examples of how concept, image and augmented 
reality solutions were explored. It also shows two studio set-ups: 
home studio and artist residency set-up at I-Park in 2007.
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PARTICIPANT
STUDIES

PLAY ALL

ABOUT

Participant interaction with ♦-now
This compilation includes excerpts from the interaction and video 
cued recall sessions for eight participants. The excerpts exemplify 
the three classes of emergence found in the main study: emergent 
shapes, referenced emergent behaviours and concrete emergent 
behaviours.

It begins with two instances where emergent shapes were found; 
the perception of‘Easter Island Statues’ by CM1 and ‘Shooting 
Stars’ by JM1.

Next, two instances of referenced emergent behaviours are shown. 
These are creating and playing a piano keyboard by AM2 and 
creating and animating a stickman by BM1.

Last, four instances of concrete emergent behaviours are shown. 
The first two instances are similar yet independent: both consist of 
interacting by ‘following the lights’ (participants NF2 and ZF1). 
The second two instances are also similar and independent 
interaction sessions. These consist of stirring the sand then 
waiting. Specifically, participant SF1 stirs the sand then waits and 
looks for things in the screen image; while participant TM1 stirs 
the sand then waits for ‘a feeling to come’ as he watches the 
screen image.

Participant interaction with Glass Pond
This compilation includes excerpts from the interaction sessions 
for three participants.

These participants are P2, P4 and P7. Firstly, the excerpts of P2’s 
interaction show how he composes with the work.

Secondly, the excerpts of P4’s interaction show how she reflects 
on the work, explores it and uses it to create a composition. She 
also comments on interaction issues related to control.

Lastly, excerpts of P7’s interaction show how he reflects on the 
work, explores it and uses it to create a composition. His 
comments also indicate anticipation of the system’s response and 
intentions that surface during the interaction session.

The Play All menu option will play all of the Art Systems and 
Participant Studies and Background work in the order listed above.

The ‘About’ page lists the author and institutions involved in this 
PBR effort

202



APPENDIX B DESIGNISSUES
This lists the design and conceptual issues encountered during practice. It is an extension of the 

discussion given in s5.7.A.

Greyed areas preceded the Ph.D. Dotted areas are iterations of problems progressing from Glass 

Pond to +-now. Chronology is down the page. Reframing from Glass Pond to +-now is from 

left to right.
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DESIGN ISSUES

The following summary shows the iterative application of Practice-based research methods to 

reframe and resolve design problems. It is in the form of a table. Conceptual issues / design 

problems are listed down the page, in roughly chronological order. The application of Practice- 

based research methods and the resulting outcomes are listed across the page. The outcomes 

were either a solution to the design problem or a new problem.

In addition to summarizing the design problems, the table also illustrates two other aspects of 

the creative process. Firstly, it shows how design problems iterated. That is, where the 

reframing method was applied to a problem, the outcome was another reframed problem. This 

new problem is then listed as a separate entry with corresponding methods and outcomes.

Secondly, the table also shows how the two art systems relate to one another. That is, it shows 

instances where a design problem for Glass Pond affected the creation of +-now. This is 

through an iteration of the Glass Pond problem to a new problem that was addressed in the 

creation of +-now. The table shows design problems relating to Glass Pond on the left; and 

design problems relating to +-now on the right. Any iteration of problems from Glass Pond to 

+-now is shown down the centre and by locating the newly framed +-now problem adjacent to 

its predecessor from Glass Pond. The example described in s5.7.A illustrates this.
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APPENDIXC SAMPLE PROFILEI
This is a sample of one participant’s interaction session during the Glass Pond exploratory 

study. It is included to facilitate understanding of the evaluation and analysis processes 

described in s6.4.A. As such it includes the following from the interaction session with 

participant P2:

• Questionnaire

• Observer notes

• Interview transcript

• Within-case network display of interaction session events
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SESSION Time: #2 P2 (Participant 2)

QUESTIONNAIRE

1. What did you think of the set-up of the work (e.g. image clarity, screen size, 
location, materials, etc.) ?

Sandbox and screen angles physically uncomfortable // dry sand preferred //

2. Can you say something about what the experience was like?

Very engaging - encouraged play behaviour usually reserved for the beach!

3. Can you say something about how you interacted with the work?
Tried at first to discover the ‘edges’ of the work (image and behaviour) then broke some 
of the rules, then became more byonamically interactive.

4. Can you describe a relationship between your interaction and the way the 
image behaved?

Encouraged me to push it further than initial impressions - but it didn’t get as far as I 
wanted to go in not allowing me to make more colour patterns or mix ‘reality’ (non
abstract) images.

5. Did anything cause you hesitation?

No.

6. Can you describe your response to the materials?

Would have preferred a bigger sandpit, a deeper box for the sand and dry sand.



EVALUATOR TO WATCH FOR FOLLOWING BEHAVIOUR

a) of the user:

7. Speed of interaction.

Slowly at first then larger, faster broader gestures and for most

8. Nature of interaction:
a. Reflection and attention during interaction.
b. Confidence and/or enjoyment in interaction?
c. Confused, uncertain, puzzled?
All

9. Level of persistence when coming across a problem?

Repeatedly created compositions with extensive effort

10. Does the participant use large gestures (hand) or small (finger)?

Patted the sand - drummed both hands. Large gestures. Moved the table.

11. Does the participant use 1 hand or 2 hands?

Both and arms to elbows

12. Does the participant look at the large screen? How do they stand relative?

Yes. Steps back sometimes

13. Does the participant occlude the video image?

Fes

14. Did the user perceive relationship between image and interaction 
unprompted? How quickly?

Fes

b) of the system:

Did any system instabilities occur? (e.g. false causality, sound breakdown)

Yes. Too sensitive keying picked up shirt, hands, not just blue. But not the case for the 
form.

Laughed:

Form resulted then disavveared (astonished laughter). Was deliberately created.

Playing with the form.

Fully immersed.

SESSION Time: #2 P2 (Participant 2)



Session 2
Place: CCS Studios UTS Building 10. Time: 18 November 2005. 10.51am 
Present: Participant and Interviewer.

INTERVIEW TRANSCRIPTION
Session starts in neutral condition. Participant, P, has been directed to the artwork.
P: Any instructions, or just...
Participant stands in front of the sand table facing the screen; tapping forefingers lightly 
on the edges of the protruding table surface (under tray) and looking down into the sand 
tray that sits on top of the table. Steps back, steps forwards again, leans over the sand 
tray to inspect it more closely.
I: Ok, so, ummm...
Participant waves his hand lightly over the small central hole in the sand. 0’28”.

Then he steps back and looks at the interviewer.
I: No, there’s no instructions. You just go ahead and play with the sand -
P: - do what you do. [He has turned back to the sand tray, is considering it,
scratching his head.]
I: The sand is the interface to the work.
P: Right.

(Pause while interacting with the work)

Participant P: Yeah its fun!
Interviewer I: Yeah you seemed to be enjoying it, that’s great.
P: I really enjoyed the colour bits more, I think. The backdrop is very static somehow. 
It’s very kind of dead. Maybe in terms of setting off the colour that sort of works. But I 
was somehow wanting to actually be able to use this as a kind of canvas to start laying 
colour down but it wouldn’t let me! [Laughter]
I: I can tell you something about the work. I also have a questionnaire for you to
fill out at some point. Do you have any questions about it or comments..?
P: Well only those that I’ve mentioned...
I: Ok. Well it comes out of working at the edge of the water and reflections and
images under the surface of the water and how can actually reach into this other world
and shift your focus and your perception when you are at some still water. These are 
some studies that I did on a small scale in terms of interacting on a small scale with the 
natural landscape and natural forms that were there as well. And it sort of ties in with 
notions of play and presence and being there and the Heideggerian sense of being 
somewhere like being in love rather than being in a container. And you can see that as 
well when people are at the beach and I think that is another nice analogy and that is 
that often they will be exploring and clambering over the rocks, and not necessarily 
have a goal in mind but just simply being present.

P: So why are you working with abstract images?
I: Because I’m trying to pare it down to the gesture to understand the interaction
and the motion and the actual form of how you might reach - that tension of moving 
between the mirror surface and underneath it, and moving between these realities and 
the emergence and the play. So... But I need to know if I’m on the right path so I need



some data as well. I’ve generated a lot of works, prototypes and they look very 
different. This one is the most minimal, visually, the others are much richer. I decided 
to cut it back because I’m still trying to work out if people use the sand... for example

P: I think the sand is great. I’m not sure I like it being wet. I think I might prefer it
dry. Because it has much more of a silky feeling then. So it is much more of a 
sensuous. I think wet sand is something you associate with discomfort, whereas dry 
sand is something which is sensuous.
P: But in terms of working with that material and getting something on the
screen... ahhh...
P: I think also kinda having to look up [is problematic] - maybe its because I wear
glasses, maybe peripheral vision works better without glasses - in other words making a 
connection between being able to do this sensuous stuff and being able to see/watch 
what’s going on, without having to crick your neck.
I: Yes, maybe having it higher or smaller or -
P: Well I was thinking of on the floor actually. Horizontal.
I: Yes. Ok. Well that’s definitely something I wanted to do. So that you project
onto the sand actually. My initial plan was to do that. But what are you saying?
P: Well, just over there probably. SO that you are over here and you are looking at
the image over there, or that direction. At the moment it’s comfortable to kind of look 
up to about there.
I: Yes
P: But actually to do the whole thing: that’s uncomfortable. Maybe further back
would be better in that respect. I think the idea to have it [something] - or even around 
you so that you step into it...
[Agreement, laughter]
[Some discussion about the studio space not relevant to the work.]
[I talks about resolution and projecting on sand.]
[Participant commences the questionnaire]
I: I wanted to ask you though as well, I noticed that you were drumming the sand
at one point.
P: Yes, I was just wondering if there was just a sound aspect that I was missing
either in terms of it picking up sound or it generating sound ... either myself or in the 
system.
I: Well it’s been great...
P: It’s good. [As leaving]
I: Oh thanks.



Display of P2 s interaction session with Glass Pond

(Categories) (Events chronological order)

Inspection _________________________________  Inspects the sandtray and table, stepping
back, forward, etc.

Exploration _________________________________ Wave - with right hand/palm (over hole in the
center of sand (neutral condition), glances at 
screen e.)

Reflection Steps back. Scratches head.

Exploration Draws with multiple fingertips (right hand’s
four fingers.)
Patting to cover with sand. Palm of whole 
hand glides across surface of sand. Tactile 
exploration?

Brushing/stroking

Explorative Modelling Scooping (use the hand on its side to move it
across the table).

Clearing sand into a mound. Uses both 
hands.

Reflective Modelling Pushes mound across the surface

moves around the table while working

Pats and re-covers sand surface

Reflective Exploration

COMPOSITION _ 
Reflective Modelling 
(extended)

Tapping the sand, patting it to find out if 
there is audio or pressure input 
Waving of hand/arm over tray.

Walking around the table waving extended 
arms/hands over the sand-covered tray.

(1) CROSS

Cupped hands drag sand from top of the tray 
toward himself, down the center, in a single, 
large, confident, fast, gesture.

Pushes sand out from the center with both 
hands

Amending with Shorter strokes -- he pushes 
sand at the boundaries of the cross around, 
altering the image. Watches as he does this.

Reaches (?) for geo-figure to interact, it 
disappears and another comes up elsewhere 
Throws sand toward the figure with both 
hands.

Scoops and drops (e.g. see below 07- 
21sm.all.jpg)



COMPOSITION

Elbow sweep - Submerges to elbow to effect 
largest gesture: Leans in and pushes a line 
of sand with forearm across the table, 
pushing a line of black across the table and 
clearing.. Repeats, watches, repeats (and 
inadvertently moves the whole tray.)
Cupped hands drag sand down rapidly.

(2) 3 BAND

Flicks/dusts/throws sand to center. Rapidly 
again. [Small white geo figures, squares, 
simple.]
Covers sand with palm

Modelling (extended): 

COMPOSITIONS (3) 3 BAND

Cupped hands drag sand down center, 
rapidly. Repeat to left. Repeat to right of 
center..

Reflection Steps back

Explorative Modelling. 

Reflection

Retreat

Return

Explorative Modelling

Waving

Looking

System appears static, steps back.

All geo figures disappear, he reflects, laughs, 
steps forward again.

Throws sand into the center, covers w/ black. 

Repeats.

Waves

Cupped hand draw

Reflection
Dusts hands, watching.

watches - no change in system

Exit



APPENDIX D SAMPLE PROFILE II
This is a sample of one participant’s interaction session during the main study of +-now. It is 

included to illustrate the evaluation and analysis processes described in s6.4.B. As such it 

includes the following from the interaction session with participant AMI:

• Annotated transcripts from the video cued recall session and interview

• Within-case network display of interaction events.
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TRANSCRIPT

Video Cued Recall Session and Open Interview with AM1, at Beta_Space at the Sydney Powerhouse Museum, 

3 June 2008 Session 1.

Annotated text is underlined and referenced with numbers in bold.

1. (INTERVIEWER) Describe to me what you’re thinking, what’s going through your mind as you’re interacting 

with the work, as we watch the video tape together.

2. (AM 1) Okay.

3. (INTERVIEWER) And then at the end I’ll ask you some more general questions.

4. (AM 1) All right.

5. (INTERVIEWER) So what I’m interested in here is just what you’re thinking at that time,

6. (AM1) Mhmmm

7. (INTERVIEWER) and your immediate thoughts, if you can remember them and descriptions of what you’re 

doing. And I can fast forward it or rewind, and pause and stop (??and so on, so I might do that)

8. (AM1) So at the beginning I’m wondering whether this guy’s name began with a g because he’s done, 

obviously he’s spent a large amount of time putting this ‘g’ on him. Urn,

9. (INTERVIEWER) That was the person before you.

10. (AM1) Yep, okay. So - pause - oh, so that one’s me.

11. (INTERVIEWER) Yeah that’s you as well.

12. (AM1) Yeah that one’s me, okay. Now when I was playing, I was trying to figure out where the limit of your 

things reach was, because when I was playing with it before 11 I noticed you didn’t quite, didn’t quite work, it 

went right up against the wood. So I was just sort of playing around, trying to get a line of the limit of the - of the 

reach of the thing 12.

13. (INTERVIEWER) Okay.

14. (AM1) And because it felt fine, I just did a little (?line) between the two lines, because, you know. I’d made 

these two cool lines and it kind of felt good to sort of link them together, because, sort of. it felt nice to go 

through the - the sand you know, with your fingers. So having enjoying make - making that curve. I then started 

just sort of playing around making other curves within my original curve.13 And sort of you know, a little bit of a 

s action, and mmmm, trying to find out how deep I had to press to get it to come through and stay there. 

Because, the first, like the first couple of ones I’d go through it wouldn’t actually stick, like I’d get like three- 

quarters of the blodge is missing. So I’m just going over it and trying to make it a little more concrete. And 

getting some very funky effects from having the entire thing light up 14 - which I didn’t really understand but I 

was kind or sort of - okay! If it wants to light up.

15. (INTERVIEWER) What did you think about? Did you have any emotions to like it or dislike it or

16. (AM1) Urn - about the whole thing lighting up

17. (INTERVIEWER) Mmmm

18. (AM1) or about drawing the curves?

19. (INTERVIEWER) About the whole thing lighting up.

20. (AM1) I was -1 was just sort of kind of bit more surprised than anything, I was sort of going - or maybe I was 

a little sort of - pause - slightly frustrated because like I’m trying to do something here and you’re making the 

whole thing light up and I’m trying to make a discreet image and all of a sudden you’re making the whole thing

a big blur and I’m sort of - why are you doing this to me. I’m trying to make a discreet image here.15

21. (INTERVIEWER) Okay.

22. (AM1) It’s mildly frustrating. If anything.

23. (INTERVIEWER) Okay.

24. (AMD So then, having done curves. I did a zig-zag because having done curved lines. I wanted to do 

straight lines. Sort of had a play with the zig-zag, a couple of extra lines in there - pause - just sort of thinking -

pause - urn, playing with shapes 16 17 - pause - and then deciding that I was bored with those shapes and



trying to make something new. And it was kind of interesting also watching the, the way the screen represented 

me putting my hand over the whole thing, and just sort of being messy - as opposed to being neat originally.

25. (INTERVIEWER) Is that what you’re doing here? Just wanting to be messy.

26. (AM1) Yeah. Just being messy. And sort of trying - trying to sort of even out, even it out a little bit - also sort 

of just enjoying making a mess. Urn - pause - and now I was trying to make a giant (?turnip). Urn

27. (INTERVIEWER) Oh is that - were you?

28. (AM1) Yes.

29. (INTERVIEWER) That was your intentions - to make a turnip.

30. (AM1) Was to make a turnip.

31. (INTERVIEWER) Okay

32. (AM1) Well, actually I did a couple of vague hand movements and they sort of looked like a turnip, so I then 
decided to try and make it look more like a turnip.18
33. (INTERVIEWER) Okay. So it wasn’t your original idea - overtalking here, missed a couple of words

34. (AM1) It wasn’t my original idea but I sort of - I’d move my hands and this sort of vague image appeared 

and I was like, hey that kind of looks like a turnip. If I add a bit of extra stuff I can make it into a turnip.

35. (INTERVIEWER) And so - can you show me where it first started to look like a turnip to you.

36. (AM1) Okay. We have to go back a little

37. (INTERVIEWER) (overtalking - ?Can you do that?)

38. (AM1) Yep. Pause. Ah, yes, it’s further

39. (INTERVIEWER) Go back a bit more?

40. (AM1) Not back, not back forward.

41. (INTERVIEWER) All right. We’ll just press play and you tell me and I’ll pause it.

42. (AM1) Right there. Pause. You can’t see it on the top screen, but if you look at the, the sand, you’ve already 

got this sort of frilly bits up the top and then it’s actually got a little bit of a taper at the bottom and that kind of to 

me suggested a turnip.

43. (INTERVIEWER) Okay.

44. (AM1) And then I was like - hey! Yes, see at that point I’m definitely getting it.

45. (INTERVIEWER) Okay. So when you step back

46. (AM1) I step back and I go hey! - this is definitely a turnip.

47. (INTERVIEWER) Okay. And so - when did you - had you already made changes to it yet, or was that 

coming up?

48. (AM1) This is about where I start making - ohhhh -

49. (INTERVIEWER) to make it - make it into a

50. (AM1) I’m trying to think. No, no, no. This point I’m like hey, I’ve made a turnip - great, but, what else can I 

do. I think, yeah, I was a little over it by then. Longish pause. And now I was just trying to - overcome by the 

foolishness of just making a turnip and trying something else 19. Urn - so I just wanted to see what happens if I 

cleared a whole big area and left it and see what happens.20 Pause. And sort of, just sort of - because until 

then we’d just been smoothing - so I just sort of trying to do a little bit of a dribbling sand and see what 

happens. Longish pause. Urn - not really sure what I was doing at that point. Urn - wait on - here I was making 

an ‘m'.21

51. (INTERVIEWER) Why?

52. (AM1) Because my middle’s name Michael.

53. (INTERVIEWER) Okay. Pause. So you set out to draw the letter M?

54. (AM1) I set out to draw the letter M. Then I set out to draw a “V” of one of them. There’s a - there’s a story 

about it. But basically I’m trying to connect this image which I used to do when I was a little kid - and it’s kind of 

like meant to be a almost a fox wearing sunglasses.

55. (INTERVIEWER) Okay.

56. (AM1) And hidden in there are the letters of my initials. But - so I’m trying to make this discreet image.

57. (INTERVIEWER) Okay - is that it there?

58. (AM1) That’s about it, yeah. And back to an extra line.



59. (INTERVIEWER) And um - okay. And where are you looking for it. On the sand or on the big screen or 

both?

60. (AM1) Both. Because I’m trying to make it and then I’m looking up at the screen to see if that’s worked.

61. (INTERVIEWER) Okay.

62. (AM1) Because - ? ? it’s not always going 100% between the two.22

63. (INTERVIEWER) Mhmmm.

64. (AM1) So getting a nice strong - because I wanted a strong line. Because I looked up at the screen and the 

line wasn’t strong so

65. (INTERVIEWER) That horizontal line

66. (AM1) Yeah

67. (INTERVIEWER) you wanted it stronger

68. (AM1) Yeah. And I wanted a line through there and I thought - well I’ve tried, tried doing just a short line 

before it, I’m just going to do a big line. Pause. And now I’m - moving on - and just running my hand through the 

sand.

69. (INTERVIEWER) Longish pause. What are you thinking about at this point? What’s going through your 

mind?

70. (AM1) Uuummm.

71. (INTERVIEWER) Anything?

72. (AM1) Pause. I’m thinking more that was - was - um, you know by this point I'd noticed a couple of the 

times, like the images appear, like, a minute or two afterwards. And as you know, that was later I got to that. At 

this point I was listening for that god-damn song - um, and then this was me playing around trying to figure out - 

because I basically had a very rough keyboard at the top and I was trying to match this, the tune. And seeing 

what would happen if I did that.23

73. (INTERVIEWER) Oh, so you’re drawing a keyboard and you’re

74. (AM 1) And then I’m trying to play. Not this piece of music which is playing now in the background but a 

different piece.

75. (INTERVIEWER) And talking about the music in the exhibition - in the Powerhouse. Right. Yeah.

76. (AM1) Yes. I didn’t have my thing on. So I was just sort of trying to sort of play along and seeing what would 

happen there. And you can see the keys which I played a lot of became firmer on the screen.24

77. (INTERVIEWER) Okay. ?? Let me back up. Pause. Oh it was before this - right?

78. (AM1) A little bit before that. Pause. About here.

79. (INTERVIEWER) So here is where you’re playing them. Is that

80. (AM1) Yeah.

81. (INTERVIEWER) Okay. And that’s you playing there as well?

82. (AM1) Yes.

83. (INTERVIEWER) So you’ve played in the past?

84. (AM1) I’ve played piano in the past.

85. (INTERVIEWER) Okay.

86. (AM1) I wasn’t doing anywhere near correct fingering but I was just sort of playing along. Pause. And then

87. (INTERVIEWER) What’s - what is - what is this over here on

88. (AM1) This is

89. (INTERVIEWER) on the top right just below

90. (AM1) What I’m

91. (INTERVIEWER) the keyboard

92. (AM1)just below the keyboard. That’s me thinking - that’s me, because I’ve already made this very thick 

mark above it - and I’m thinking I’ve already done that - so I’m trying - it’s actually meant to be the same note 

but just trying to reemphasise it - this note I’ve played a lot. 25

93. (INTERVIEWER) Okay.

94. (AM1) Because it finishes - the piece finishes with the repeat - repetition of the high note. It’s like, I want to 

make this a very obvious

95. (INTERVIEWER) Okay. So it’s a emphasis.



96. (AM1) Yeah.

97. (INTERVIEWER) And then here - what are you doing here?

98. (AM1) I'm - again just - mashing it and trying to get a blank canvas going on.26

99. (INTERVIEWER) Okay.

100. (AM1) And I’m sort of thinking what am I going to do next. Pause. What am I going to do next? Can I 

eliminate that, that, that, sort of, that little pool of light which is forming there. Can I eliminate that by pouring a 

bit of sand on top of it? Pause. Not really. Pause. Um - wasn’t massively thinking at this point. Um - oh! I 

noticed that the image popped up again. And I was like - hmmm! Because it was that fox image again, just 

popped up in the centre of the screen.27

101. (INTERVIEWER) Popped up on the grey screen.

102. (AM1) No, on the

103. (INTERVIEWER) or on the sand?

104. (AM1) on the sand.

105. (INTERVIEWER) Okay.

106. (AM 1) So I thought - pause - is this going to happen again. So I created a bit of a pattern around where I 

thought the image would appear if it appeared.28 So I thought I’d add a bit of - sort of have a bit of play but I’m 

leaving this big open space in the hope that something would appear in it. Pause. So I’m just creating these 

little lines and um - it’s you know, when you’re trying to make a - and you’re trying to do like art or something, 

well not art, but like, if you’re drawing, and trying to remember what this guy called it - it’s like you know - 

glamour! You know, it’s shiny, it’s got the bright - you know, so you just drew vertical lines coming out of 

something and that’s glamour, it’s shiny. So I’m like okay, I’ve got this glamorous shiny thing now - it’ll appear. 

So I thought that’d be cool.

107. (INTERVIEWER) So, it’s like an emphasis

108. (AM1) An emphasis! But see - if I emphasise the spot where it’s going to be - is it going to pull up again? 

Pause. So I’m just sort of playing around, just sort of killing time in the hope that this thing would appear. Now. 

Pause. And starting to realise that it won’t. Um. So now I’m trying to do a spiral. And it’s like - it’s not all 

showing up because I’m not pressing too thickly, so now I’m sort of - the first time I was going with one finger, 

now I’m going with three fingers, trying to get a firmer spiral. Pause.

109. (INTERVIEWER) You didn’t set out to draw a spiral initially did you?

110. (AM1) No - just sort of drawing an arc and I thought hev I’ll turn this into a spiral 29. Did it with one finger 

and then I - did it with several. Pause. Then again wiping, sort of wiping the canvas clean 30 because the 

image didn’t come back. Pause. And then what was I doing at this point? Ummmm - pause - just sort of running 

my hands through the sand, trying to wipe the pens clean. Pause. So now I’m trying to draw this, this big spiral

- what I’m trying to do, is I’m trying to make it so that as I go - as I move mv hand through the sand, it dislodges 

the sand to the side. So that each internal loop wipes out the loop before it. 31 Pause.

111. (INTERVIEWER) Where are you looking right now?

112. (AM1) I was looking down because I just noticed something really cool happen on the screen there, which 

I missed when I was doing it.

113. (INTERVIEWER) Ah, you didn’t, you didn’t see that before?

114. (AM1) Yeah.

115. (INTERVIEWER) You see something now

116. (AM1) I saw something now that I didn’t see before

117. (INTERVIEWER) What did you see now?

118. (AM 1) It froze for some reason.32

119. (INTERVIEWER) I’ll rewind it and point it out to me.

120. (AM1) There! Oh go forward a little bit. Pause. See that, almost as if it’s frozen. Maybe that was just me 

screwing round, cleaning it earlier, but it was just kind of like a weird image to suddenly.

121. (INTERVIEWER) Okay.

122. (AM1) Very humanoid image above - you know

123. (INTERVIEWER) A very what - sorry.

124. (AM1) Humanoid almost.



125. (INTERVIEWER) Oh! How so? What does it look like to you. Can you tell me?

126. (AM1) Well! Okay! It’s a head, slightly tilted because it’s got the two eves, ah, no nose, incredibly 

emphasised upper teeth and then a - you can seethe bottom of the chin underneath.33

127. (INTERVIEWER) All right. Can you point out the eyes and the, the emphasised teeth?

128. (AM1) Eyes, eyes, emphasised teeth, little bit of chin.

129. (INTERVIEWER) Okay. And, but you just noticed, and you just noticed that now

130. (AM1) I just noticed that now, that didn’t happen

131. (INTERVIEWER) You didn’t notice it while you were ? ??

132. (AM1) Nope, because here I’m just sort of playing around and nothing much is happening. Pause. And just 

wiping that one clean again. Pause. Still trying to find out what’s the best wav to just sort of wipe the whole 

canvas clean without it taking a while.34 Pause, Yeah, this is me trying to - because I ended up with some 

vertical lines. This is me trying to figure out 35 a bit of mechanics about how your little display works - so - what 

happens if I just leave my hand over one of the gaps. I’m watching it disappear - on both on the back of my 

hand and then up on the screen. And

133. (INTERVIEWER) So you noticed that it did disappear?

134. (AM1) Yep. And then it came back so then I put my hand back on top of it. And waited - and waited. I was 

sort of trying to figure out how big a time delay was needed. 36 Pause. And so this is just sort of waiting but you 

can see it’s si - I’m looking down then I’m looking up - looking at both ways to see what happens. Also how long 

it takes for it to come back when I move mv hands or - so then I just created two loops. And the idea was - 

pause - once I created mv two loops. Originally I was going kind of fast in the hope that I’d be able to see a time 

delay up on the screen of mv hands moving around the loops.37

135. (INTERVIEWER) Mhmmm

136. (AM1) ahh - but I didn’t really see it, or maybe I was just too impatient and didn’t wait long enough, so I 

started going slower. Pause.

137. (INTERVIEWER) Now, see you’re looking up at the screen.

138. (AM1) And then I slowed it right down. I could see my gaps and I was sort of all right, what happens if I 

move a little bit. Pause.

139. (INTERVIEWER) So what were you thinking? Are you just moving a little bit here?

140. (AM1) I’m just moving slowly. Pause. And then, yeah, just going - all right, done with that, it’s - that was 

just sort of like an experimental thing.

141. (INTERVIEWER) Oh yeah. Can you describe it a little bit more for me?

142. (AM1) Um. It was curiosity 38. It was - pause - it was just me being interested in - how the mechanics of 

this apparatus worked. How, how do I make it - I’ve already interacted with it, you know, by drawing in the 

sand. Can I interact with it in a different wav.39 And then, what are the rules, when I try to interact it with that 

way. Some of the rules - it seemed, it seemed a lot more - it also helps refine the rules of how I interact with it in 

the first direct way by drawing in the sand. I was sort of trying to figure out how, how long a delay is it between 

the cover on the sand and then the light coming down, and then the light on the screen.

143. (INTERVIEWER) Okay.

144. (AM1) And then I’m just creating a loop 40. a single loop and doing the same. And here I’m also -1 may 

have also -1 also start to notice soon is that you’re filling in the loop for me as well whilst I’m doing it again. 

Because it’s just going straight loop. Now I'm looking up and I’m looking like, it’s looking like an inverted face 

again 41.

145. (INTERVIEWER) Do you see that now again?

146. (AM1) Yeah.

147. (INTERVIEWER) But you didn’t see it before?

148. (AM1) Yeah. Now when I’m looking up because - somewhere around here I notice it. Because there’s two 

eyes and what looks like a - carrot nose.

149. (INTERVIEWER) All right. Let me um play it again and see if we can see

150. (AM1) Back a little bit

151. (INTERVIEWER) Back a bit?



152. (AM1) Th - yep, that’s good. You can stop round - anywhere round here’s good. Yeah. So you got a circle, 

one eye, one eye, a nose which looks like a carrot.

153. (INTERVIEWER) Okay.

154. (AM1) So it’s inverted but it’s a carrot.

155. (INTERVIEWER) And did you notice that here now or did you see

156. (AM1) No I noticed it when I was playing

157. (INTERVIEWER) while you were playing

158. (AM1) I noticed it while I was playing. So - pause

159. (INTERVIEWER) Did that change what you were thinking about

160. (AM1) Well I was just kind of

161. (INTERVIEWER) ?? at all

162. (AM1) Yeah, because I was just like hey! Sure I can try and be a scientistv type thing but I can also just 
play with this thing. And make a cool face.42 So
163. (INTERVIEWER) So this here, what are - you call. Is that, that um those two marks that you made in the 

sand there - are they - what are you thinking at that point? Is that past this, or is it part of the same thing or

164. (AM1) That’s - I’m still thinking - that’s -1 just random doodling.

165. (INTERVIEWER) Okay.

166. (AM1) As I go. Because I’m thinking - all right, I need to make a sort of vaguely blank ca - canvas - pause - 

getting - as - a couple of times during this I get slightly frustrated trying to make the blank canvas thing actually 

work 43.

167. (INTERVIEWER) Mhmmm

168. (AM1) Because it’s a lot harder than I thought, than I think it should be.

169. (INTERVIEWER) Mhmmm

170. (AM1) so I’m grabbing a bit of extra sand from round the top. Trying to get these little patches of light to 

die and then finally giving up and saying all right, they’ll go in their own time. So. I create a big circle - two eves 

- and turning one or two of the patches into a sort of - a mouth which took a lot of work to get the mouth to 

actually not look like it was sad.44 Because if you look - go back just a little bit

171. (INTERVIEWER) Mhmmm

172. (AM1) back a little bit, a little bit, yes stop! You’ll see on the sand, it’s quite obviously an upturned mouth - 

but on the screen it’s on, it’s still lagging behind, so it’s downturned, so I was kind of-

173. (INTERVIEWER) Yeah, so what is that? I mean, why was it, why is it downturned on the screen, do you 

know?

174. (AM1) Because originally I had - when I was putting it together, there was the two random marks were 

situated as such that it looked like a sort of downturned mouth. And then I went through them and went - turned 

it into an upturned mouth. But it was sort of like, I’ve done that on the - on my - on the sand, why is it not now 

kicking in on the screen. Like. I’m aware that there’s the time delay but it’s still annoying that it’s kicking in.

175. (INTERVIEWER) Yeah.

176. (AM1) And then I'm sort of noticing that you’re filling in mv smiley face again 45. Yes, see, I’m trying to get 

this smiley - and I’m - and then I’m trying to give it the crossed eyes like the Nirvana symbol 46.

177. (INTERVIEWER) Like the Nirvana symbol?

178. (AM 1) Yeah.

179. (INTERVIEWER) Yeah.

180. (AM1) And you just kept filling in my circle. And I was

181. (INTERVIEWER) How did you feel about that?

182. (AM1) Well! Again slightly annoyed. Because I’m trying to make this cool Nirvana symbol and you’re just 

giving me a big round blur most of the time.

183. (INTERVIEWER) You’re looking mostly at the sand here aren’t you.

184. (AM 1) Yep. I am just wiping it clean 47. Um, just sort of like a rough sort of (brush brush sound) - um, and 

I think I now have walked off.

185. (INTERVIEWER) Okay. And um, when you were drawing this smiley face here at the end.

186. (AM 1) Yep



187. (INTERVIEWER) Did it, um - did it ah, was that, was that your original intention or did it come out like 

something you’d done before. I mean, I don’t know,

188. (AM1) That was from the inverted smiley face with the carrot nose

189. (INTERVIEWER) That was

190. (AM1) which I saw earlier. I was sort of like, right, I’ve done a smiley, why don’t I just do a proper smiley 

face. I’ve done the accidental one, and I’ve gone okay I’m just going to make a good one.

191. (INTERVIEWER) Okay. So you deliberately decided

192. (AM1) deliberately

193. (INTERVIEWER) to do it.49 Because you saw one in the screen 48

194. (AM1) yeah

195. (INTERVIEWER) from what you were doing before.

196. (AM1) Mmmm

197. (INTERVIEWER) And that first one that you saw with the carrot nose, you didn’t deliberately create that.

198. (AM1) No that one was just sort of me seeing things and thinas.50

199. (INTERVIEWER) Okay. All right so, um, I might just ask you some more general questions now if I can.

200. (AM1) Yep.

201. (INTERVIEWER) Um, what do you think was displayed ? ?(turn that down). What do you think was 

displayed on the big screen. Can you describe what ? ? ?

202. (AM1) Pause. It was - mmmm - okay, so it was an image - up right side up, left to right the same, of, but a 

photo, almost a negative of the sand. So, though the sand was white, whatever I’d, whatever dark spots were, it 

was actually presented as a dark spot, was actually shown - whatever dark spots were I’d press through to the 

dark

203. (INTERVIEWER) Mhmmm

204. (AM1) to the glass in the dark was presented as white on the screen, whereas the white sand was doing 

just - the black background. So it was that image, so it was sort of a photo negative of the sand, delayed by a 

period of time which I couldn’t tell you, probably somewhere in the region of five to ten seconds maybe? 1

205. (INTERVIEWER) Okay.

206. (AM1) Um - pause - but it wasn’t just that. It was actually almost like an aggregate of that and a couple of - 

it was like - that image from five seconds ago plus the image from four seconds ago, plus the image from three 

seconds ago, plus the image from six seconds ago - all sort of stacked on top of each other. So that there was 

something definite which was there for a while - it showed up. But if I was just randomly screwing my fingers, 

you’d see all of that and it would sort of come and fade and sort of come into focus and then disappear again. 

So - it was almost a belcurve of luminosity for what things I’d do.

207. (INTERVIEWER) Okay great. And in general can you describe how you interacted with the work?

208. (AM1) It was a bit like finger painting. Laughs.

209. (INTERVIEWER) Okay.

210. (AM1) Yeah it was, because it was just sort of, you know, I’m not using any tools, and it’s, it’s - pretty 

quickly realised that you know I’m not going to get anything really very detailed out of it, but I can do some very 

rough stuff with it. Pause. And just sort of play around and - then get mildly frustrated when you keep filling in 

mv circles.2

211. (INTERVIEWER) Laughs. All right. And what did you think of the set up of the work - like the horizontal 

interaction surface, the image clarity, the image screen size and position, that sort of thing.

212. (AM1) Um, I like the fact that there was a horizontal surface which I’m playing with and then I have to 

actually look up to see the vertical because it meant I got sometimes quite surprised by I’d look up and see 

something different to - or I’d notice new things like the face

213. (INTERVIEWER) Okay.

214. (AM1) which I wasn’t noticing when I was playing. Um, it did mean it was harder if I wanted to actually 

create something specific looking, to get something to come out. But it was - a lot more interesting than just - 

sort of random play was a lot more interesting. When I was trying to specifically make something it was slightly 

frustrating.

215. (INTERVIEWER) Okay, um, was it comfortable for you?



216. (AM1) Yes. Um

217. (INTERVIEWER) The height of everything ? ?

218. (AM1) Um - that was relatively comfortable. I would have preferred it six inches higher, but then again I 

prefer everything at least six inches higher so

219. (INTERVIEWER) Laughs

220. (AM1) In terms of my interaction with normal life, this - yes it was a comfortable height. Laughs.

221. (INTERVIEWER) Okay. ? Okay. Um, did you like interacting with the sand?

222. (AM1) It was cool. It was nice sand. It was not dodgy beach sand from Sydney. It was nice fine grained 

sand.

223. (INTERVIEWER) Okay. And then, did you

224. (AM1) I

225. (INTERVIEWER) did you like sand, the fact that there was sand as well?

226. (AM1) Um

227. (INTERVIEWER) Did it bother you or

228. (AM1) It was cool. Um. I think I would have got tired of it eventually because occasionally I had to stop -1 

stopped and did that simply because just self awareness of having sand in my fingers. Um. And I’d make

229. (INTERVIEWER) Brush your hands you mean?

230. (AM1) Brush, having to brush my hands. I mean, maybe I would have gotten used to it or maybe it would 

have just, you know, little frustrations would have added up, but it was just, it was a new medium because it’s a 

medium which we don’t use really at all.

231. (INTERVIEWER) Okay. And did you find interacting with the art work easy or hard? I don’t know if that’s a 

relevant question for you but if you feel like you can - if it is then - do you think it was straightforward

232. (AM1) It’s easy

233. (INTERVIEWER) or do you think ??

234. (AM1) It’s relatively - pause - it’s a sliding scale. Trying, trying to make stuff happen on the screen is easy. 
Trying to make a specific thing happen is not! So. pause - it was easy to understand the very basic rules, to 
understand the complex rules which were obviously present, wasn’t um. and reouired a bit of - and you know I 
just had to play around to try and figure a bit. 3 a bit of that and -1 don’t know if I’ve answered the question, I 
wandered off on a random tangent.
235. (INTERVIEWER) No, you are, you are.

236. (AM1) Um - it was both easy and hard.

237. (INTERVIEWER) Can you tell me a little bit more about the complex rules that you just mentioned.

238. (AM1) Um -

239. (INTERVIEWER) And also, what was easy

240. (AM1) The comp - okay the easy part was drawing a circle because I just go round and round and round 

and round, and that would basically overwhelm all the complex rules simply because I’d made this big circle 

and I’d been doing it for a period of time 4 and I’d been very - and this nice thick line, so I haven’t just only gone 

lightly into the sand. The complex rules was how thick into the sand do I have to go? Do I have to actually 

penetrate right to the bottom or not? Um, what’s the time frame? Is. you know, is this going to show up 

immediately, or is this going to show up after a couple of seconds, so it meant that if I draw the circle. I’d 

actually have to stop, wait, okay, part of its lit up but not all of it. I have to go back over again. Stop, wait. Okay, 

now we’ll look at the top.5 Um, the fact that random images just pop up after, like a minute or two after they’ve 

been wiped clean, I had no idea what was going on there because it also seemed - it wasn’t ever - it wasn’t a 

permanent thing.

241. (INTERVIEWER) Mhmmm
242. (AM1) Like, there wasn’t always an element of the ten second - of the two minutes go image - it just 

happened maybe two or three times when I was playing - it would just randomly bam! Like a snap shot from a 

minute or two ago just comes up and I’m like, well, okay. So - there was obviously some rules behind all that

6 which - you know, it would be something you’d get, you’d have to spend a bit of time to figure out

243. (INTERVIEWER) Mhmmm



244. (AM1) um, also the rule about how it seems that you overlaid a couple of the images 7 - the image from 
ten seconds ago, the image from eleven seconds ago, the image from nine seconds ago sort of thing
245. (INTERVIEWER) Yeah.

246. (AM1) And so, how you can get the sort of motion into things a little bit. And it’s sort of that - a gradual 

motion 8 because you see things a little sort of slower and such because of that.

247. (INTERVIEWER) Mmmm. Okay and how you would describe this work to a friend or partner who has not 

seen it before.

248. (AM1) Sigh. It’s a cross between playing in a sandpit and finger painting. Laughs.

249. (INTERVIEWER) Okay.

250. (AM1) Okay. Um.

251. (INTERVIEWER) Right.

252. (AM1) I wouldn’t want to give in -1 wouldn’t want to give them any of the complex rules because I think 

that would be much more fun for them to find out. I’d just simply tell them the basics of - you got this sandpit, 

you play in it and as you draw symbol - and as you make shapes and that, images appear up on the - on the 

sandpit and on the screen. And I really wouldn’t want to go into more detail than that.

253. (INTERVIEWER) Okay. And would you recommend this. I’m trying to ignore the fact that you know that I’m 

the artist - all right?

254. (AM1) Mhmmm.

255. (INTERVIEWER) Would you recommend this work to other people? Would you come back to interact with 

it again?

256. (AM1) Pause. I know you’re at the Powerhouse which kind of means yeah I would come back to the 

Powerhouse and I probably would interact with it. Um, if this was just off by itself in the middle of nowhere, 

maybe once but probably not more than that.

257. (INTERVIEWER) Mmmm

258. (AM1) Um, I would bring someone. If I was to come back I’d bring someone and let them to - just so I 

could sort of hang - sort of explore it with someone, more than do it by myself. What was the original question 

again, because I’m starting to get lost.

259. (INTERVIEWER) No that’s it, that was the second part. The first one was would you recommend it to other 

people?

260. (AM1) Would I recommend it? Yeah, I would recommend someone - I’d like to watch someone in - sort of 

explore it as well.

261. (INTERVIEWER) Okay.

262. (AM1) If they were the right sort of person - there’s people I know who would get into it and people I know 

who would just completely lose interest within 30 seconds.

263. (INTERVIEWER) Okay. All right. Um - do you think the work is playful?

264. (AM1) Yes.

265. (INTERVIEWER) In what way?

266. (AM1) It’s a sandpit and it’s finger painting. It’s, it’s playful! Laughs

267. (INTERVIEWER) Laughs

268. (AM1) It’s, no! It’s, it’s connecting with things which are based around very, you know, young children sort 

of just playing.

269. (INTERVIEWER) Mhmmm

270. (AM1) So it’s, yes it’s playful. It’s not terribly serious.

271. (INTERVIEWER) Right. Did it remind you of anything? I mean, you’ve mentioned a couple of things now.

272. (AM1) Well besides what I’ve mentioned, well it reminded me of turnips, it reminded me of - little noise,

273. (INTERVIEWER) laughs

274. (AM1) Um, you know, random faces and it reminded me of you know, yeah basically just finger painting 

and playing in sand.

275. (INTERVIEWER) Okay. Um, were you in a hurry when you were interacting with it?

276. (AM1) No.

277. (INTERVIEWER) And ah, what three words, three adjectives, would you use to describe the work.



278. (AM1) Sigh. Pause.

279. (INTERVIEWER) If it’s too hard you don’t have to.

280. (AM1) Yeah, that’s, little sounds.

281. (INTERVIEWER) We’re almost finished.

282. (AM1) Little laugh. Um, I’m going to just do a cop out and say playful. Um, sandpit like and finger painting 

like.

283. (INTERVIEWER) Okay.

284. (AM1) They’re all adjectives. Laughs.

285. (INTERVIEWER) That’s fine.

286. (AM1) Laughs

287. (INTERVIEWER) And um, what mood were you in before you started interacting with ?

288. (AM1) Um -1 was in a relatively, sort of I was in a positive mood about it, I thought it looked pretty 

interesting, you know, just from looking at it, lightly over it, it just did look kind of interesting and sort of, I was 

feeling slightly creative too, because I was sort of like, yeah you know I get to do a bit of drawing.

289. (INTERVIEWER) And slightly creative.

290. (AM1) Mmmm.

291. (INTERVIEWER) And what mood were you in at the end of your interaction?

292. (AM1) Oh, kind of satisfied. You know, I’d made a few interesting things happen. Um - curious as to 

whether I could ask you the exact mechanics of how the various parts work? Laughs.

293. (INTERVIEWER) Um ?????

294. (AM1) Yeah, I know, I know, but that’s a question I’d like to know - would the -1 was curious as to the 

actual numbers. Um, um. Yes I was sort of satisfied but still curious about more of the mechanics. Because, 

um, I’d have had to spend a lot longer with an actual stopwatch and a pen and paper to figure out some of 

those.

295. (INTERVIEWER) Little laugh. Okay. And are you interested in nature. Just a couple of demographic 

questions just to wrap up.

296. (AM1) Little sigh. What do you mean by nature?

297. (INTERVIEWER) Ah, very general question. Um, do you spend time outside or are you interested in 

looking at it or both, or um, that sort of thing.

298. (AM1) I’d probably have to say no.

299. (INTERVIEWER) Okay. And um, how old are you and what do you do for a living.

300. (AM1) I am 24 and I work in retail.

301. (INTERVIEWER) Okay. Do you do any drawing, like to explore ideas at all?

302. (AM1) I do drawing but it’s generally not so much exploring ideas, but trying to - actually, maybe it’s 

exploring ideas. It’s mmmm, some of its abstract, most of its simply trying to represent sort of data that I have, 

you know, about ideas and - well, data’s a bad word for it, but like,

303. (INTERVIEWER) Concepts

304. (AM1) Concepts. Yeah.

305. (INTERVIEWER) Actually I did want to ask you one last question about your interaction.

306. (AM 1) Yep.

307. (INTERVIEWER) While you were interacting with it, were you trying to achieve anything? Or, um, you 

knew - you tried to draw a face at one point

308. (AM1) A fair chunk - a fair chunk of it I was trying to figure out how it worked.

309. (INTERVIEWER) Uh-huh!

310. (AM1) Laughs.

311. (INTERVIEWER) Yeah I know, ?? that’s right

312. (AM1) And there was a fairly hefty chunk of trying to figure out it worked. There was the period, once I’d 
seen what it made - took me to do - re - further define mv turnip and then the period where I was trying to make 
a face.9
313. (INTERVIEWER) Okay. And um, you interacted with this before didn’t you?

314. (AM1) Yep.



315. (INTERVIEWER) Can you describe a little bit what you were doing there or

316. (AM1) Um, there I was

317. (INTERVIEWER) how much time you spent on it.

318. (AM1) I spent five - five minutes playing with it, just very very basically, I didn’t really explore it too deeply 

because I knew I was going to have a bit of time later. Um, and basically I just sort of did a ? which was kind of 

like an arc, you know what I could do, I could put two lines there and then try and make it look the Sydney 

Harbour Bridge.

319. (INTERVIEWER) Okay.

320. (AM 1) Little laugh.

321. (INTERVIEWER) So - it - did -was this, was that spontaneous or did you ??

322. (AM1) Yep, that was pretty, pretty much, I sort of do a wipe and sort of end up with the arc, and then go 

hey, I can make that look like the harbour bridae.10 you know, the classical dodgy image of where you just do 

an arc....finishes here.



ANNOTATIONS

1 Big screen described as containing a photo-negative with delay, with images 'stacked on top of each other", 

and a "bellcurve of luminosity"

2 play around and mildly frustrated.Then looks up and gets surprised by what he sees on the wall image, which 

is an aspect he rather likes. HOwever, it makes trying to create something difficult, though it works for random 

play. Latter is more interesting, because you can get surprised (?). See also line 234 " Trying, trying to make 

stuff happen on the screen is easy. Trying to make a specific thing happen is not!"

3 Previous annotation also applies here. He describes easy and hard in terms of rules, easy or complex.

4 easy rule example

5 complex rules

6 flash image - "random". Complex rule.

7 complex rule - overlay images.

8 complex rule - motion

9 summarises his interaction in terms of types of actions - but his summary is too coarse.

10 wipe gesture created arc which suggested Sydney harbour bridge composition.

11 He had interacted with it for a few minutes previously.

12 exploring system capability - assessing the system.

13Tactile exploration leads to an 'S' curve, an image or shape.

14 light flashing - system 'bug'

15 light flashing - system 'bug'. Feeling surprise, frustration, not understanding.

16 'playing with shapes': going from curved lines in the sand to straight ones in a zig-zag

17 'playing with shapes': feeling bored; going on to try new behaviours - being messy.

18 His idea to make a specific composition ('giant turnip’) came trough interaction with the work - what he saw 

suggested the beginnings of a turnip. See especially line 34.

19 feeling foolish at making a turnip.

20 Clear sand. Also investigating the system capability (rather than assessing the system!).

21 He set out to 'doodle' his name with an icon used as a child. This discreet image he's trying to make uses 

his initials and is described as a 'fox wearing sunglasses'.

22 notices that the screen and sand images don't correlate completely.

23 sand keyboard used for 'playing' along to background noise (music in teh museum), then a different piece of 

music. A means of exploration/interaction with the system.

24 points out that the keyboard keys struck most are standing out on teh screen more.

25 moves on to emphase notes played a lot, by drawing additional lines in the sand above the note.

26 clearing the sand/image

27 light flashing - image flash onthe sand, system 'bug'

28 Anticipates image will recur and creates additional drawing in teh sand in expectation of it. This drawing is a 

type of emphasis, (keyword: feeling)

29 new drawing : arc leads to spiral, not planned.

30 clearing the sand/'canvas'

31 new spiral that is 'active' - wiping out as it draws... Perhaps here he is starting to take account of the 

overlapping imagery in his interaction/drawing?

32 image freezing - system 'bug' Perceived as new shape (face).

33 new frozen image perceived only during VCR session is described as 'humanoid'.

34 clearing the sand / 'canvas'

35 trying to figure it out -investigate/assess? the system

36 delay, trying to figure out the delay - investigate/ assess? the system

37 experimenting with moving hands and looping the image to see hands move around in the loops given the 

delay.

38 feeling curious, trying to understand how it works - investigating the system (NOT assessing)

39 Trying to find a different way of interacting to drawing in the system - trying to find new rules for a new way



of interacting.

40 creating a "single loop"

41 perceiving a face with a carrot nose

42 perception of carrot nose face led to the decision to stop trying to work it out (being "scientisty") and instead 

"play" and "make a cool face"

43 clearing sand is frustrating (feeling) because it is difficult (166,168).

44 after the carrot nose face he got the idea to draw a smiley face, ie deliberately set out to do this after carrot 

nose. Had some difficulty because the mouth looked inverted on big screen (unhappy) and in trying to make it a 

smiley face.

45 seems to anthropomorphise the system. Also, the system is not doing what he wants at this point where it is 

filling in his smiley face/circle.He is slightly annoyed by this (182)

46 trying to draw Nirvana symbol - smiley face composition.

47 clearing the sand before he walks away.

48 Deliberately decided to create a smiley face because he had observed the 'carrot nose' - this latter one 

simply appeared, he did not set out to make it.

49 Deliberately decided to create a smiley face because he had observed the carrot face - this latter one simply 

appeared, he did not set out to make it.

50 referring to 'carrot nose' face, which came about through perception of features.
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APPENDIXE CONSENTFORMS
These are the consent forms completed by the participants in the three interaction studies.
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UNIVERSITY OF
TECHNOLOGY SYDNEY

UTS:IT:CREATIVITY&COGNITION 
STUDIOS
STUDY OF AUDIENCE EXPERIENCE OF INTERACTIVE ARTWORK 
UTS HREC 2004-011P

I_____________________(participant's namej agree to participate in the research project ‘Study of Audience Experience of
Interactive Artwork’ (UTS HREC 2004-01 IP) being conducted by Jennifer Seevinck, located at 05.233, Building 10 at UTS 
Broadway campus No. 1. Broadway, Ultimo, Sydney 2007; telephone number 0431 309 074; of the Creativity and Cognition 
Studios at the University of Technology, Sydney for her degree PhD Computing Science.

I understand that the purpose of this study is to gather information on the audience’s experience of this interactive artwork and 
to promote the researcher’s understanding of an experimental approach to creating an artwork.

I understand that my participation in this research will involve the potential risk of embarrassment and since my hands might 
get slightly dirty it may be inconvenient in requiring me to wash them afterwards. I understand the duration is approximately 
30 minutes.

I am aware that I can contact Jennifer Seevinck or her supervisor Ernest Edmonds if I have any concerns about the research. I 
also understand that I am free to withdraw my participation from this research project at any time I wish and without giving a 
reason.

I agree that Jennifer Seevinck has answered all my questions fully and clearly.

1 agree that the research data gathered from this project may be published in a form that does/does not (cross out whichever 
doesn’t apply) identify me in any way.

_______________________________________
Signed by

_______________________________________ / /
Witnessed by

NOTE:
This study has been approved by the University of Technology, Sydney Human Research Ethics Committee. If you have any complaints or reservations about 
any aspect of your participation in this research which you cannot resolve with the researcher, you may contact the Ethics Committee through the Research 
Ethics Officer, Ms Louise Abrams (ph: 02 9514 9615, Louise.Abrams@uts.edu.au) and quote the UTS HREC reference number. Any complaint you make 
will be treated in confidence and investigated fully and you will be informed of the outcome.

IT: CREATIVITY & COGNITION STUDIOS Jan04



_4> UNIVERSITY OF
&S TECHNOLOGY SYDNEY
"_______________________

UTS:IT:CREATIVITY&COGNITION 
STUDIOS
STUDY OF AUDIENCE EXPERIENCE OF INTERACTIVE ARTWORK 
UTS HREC 2006-304P

I_____________________(participant's namej agree to participate in the research project ‘Study of interaction with the
artwork +-now.' (UTS HREC 2006-304P) being conducted by Jennifer Seevinck, located at 16 McSweeney Crescent Mt Nebo 
Qld; telephone number 0431 309 074; of the Creativity and Cognition Studios at the University of Technology, Sydney. This is 
for Jennifer Seevinck’s university degree PhD Computing Science.

I understand that the purpose of this study interaction with the art system +-Now.

I understand that my participation in this research will involve touching fine beach sand which may soil my hands and that 
hand wipes will be provided for me to wipe my hands afterwards. I understand the duration of the evaluation and interaction is 
approximately 10-30 minutes.

I am aware that I can contact Jennifer Seevinck or her supervisor Ernest Edmonds if I have any concerns about the research. I 
also understand that I am free to withdraw my participation from this research project at any time I wish and without giving a 
reason.

I agree that Jennifer Seevinck has answered all my questions fully and clearly.

I agree that the research data gathered from this project may be published in a form that does/does not (cross out whichever 
doesn’t apply) identify me in any way.

_______________________________________
Signed by

_______________________________________ / /
Witnessed by

NOTE:
This study has been approved by the University of Technology, Sydney Human Research Ethics Committee. If you have any complaints or reservations about 
any aspect of your participation in this research which you cannot resolve with the researcher, you may contact the Ethics Committee through the Research 
Ethics Officer, Ms Louise Abrams (ph: 02 9514 9615. Louise.Abrams@uts.edu.au) and quote the UTS HREC reference number. Any complaint you make 
will be treated in confidence and investigated fully and you will be informed of the outcome.

UTS: IT: CREATIVITY & COGNITION STUDIOS Jan04



UNIVERSITY OF
TECHNOLOGY SYDNEY

UTS:IT:CREATIVITY&COGNITION 
STUDIOS
STUDY OF AUDIENCE EXPERIENCE OF INTERACTIVE ARTWORK 
UTS HREC 2006-304P

I__________________ _ (participant's name) agree to participate in the research project ‘Study of interaction with the
artwork +-«ow.’ (UTS HREC 2006-304P) being conducted by Jennifer Seevinck, located at level 5 05.233; and Zafer Bilda 
located at 05.233 in Building 10 at UTS Broadway campus No. 1. Broadway, Ultimo, Sydney 2007; telephone number 0431 
309 074; of the Creativity and Cognition Studios at the University of Technology, Sydney. This is for Jennifer Seevinck’s 
university degree PhD Computing Science.

I understand that the purpose of this study interaction with the art system +-Now.

I understand that my participation in this research will involve touching fine beach sand which may soil my hands and that 
hand wipes will be provided for me to wipe my hands afterwards. I understand the duration of the evaluation and interaction is 
approximately 30-45 minutes.

I am aware that I can contact Zafer Bilda, Jennifer Seevinck or her supervisor Ernest Edmonds if I have any concerns about the 
research. I also understand that I am free to withdraw my participation from this research project at any time I wish and 
without giving a reason.

I agree that either Jennifer Seevinck or Zafer Bilda have answered all my questions fully and clearly.

I agree that the research data gathered from this project may be published in a form that does/does not (cross out whichever 
doesn’t apply) identify me in any way.

______________________________________/ I
Signed by

_______________________________________
Witnessed by

NOTE:
This study has been approved by the University of Technology, Sydney Human Research Ethics Committee. If you have any complaints or reservations about 
any aspect of your participation in this research which you cannot resolve with the researcher, you may contact the Ethics Committee through the Research 
Ethics Officer, Ms Louise Abrams (ph: 02 9514 9615, Louise.Abrams@uts.edu.au) and quote the UTS HREC reference number. Any complaint you make 
will be treated in confidence and investigated fully and you will be informed of the outcome.

IT: CREATIVITY & COGNITION STUDIOS Jan04
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