Lise Amy Hansen

COMMUNICATING
MOVEMENT

Full-body movement as a design material for digital interaction



CONTENTS

Acknowledgements

Abstract

Chapter 1 Introduction: materialising movement

Materialising movement opens up a design space
Materialising acts

Background

Research questions

Framings

Methods

Positioning movement for design

Exploring movement for design

Contributions

Outline of the thesis

Chapter 2 Movement as a material for design

2.1 Starting points

The role of design: why make?

A design approach: why focus on material?

New methods for new computational materials
Acknowledging body-based knowledge generation
Addressing agency

Ethical considerations

2.2 Creative potential in movement data
Digital water

Designed mediation

Designed relations

Movement data

Movement scripts: from collecting data to running scripts

2.3 A Social Semiotics framework
Semiotics & Social Semiotics

Materialising process as a semiotic resource
The designer as meaning-maker

2.4 Full-body movement as a semiotic resource for design

The moving body as a resource
Performed movement
Situated movement
Repeated and revealing movement

IX

XI

—

NN U W w NN

12
12
13
16
17
18
19

21
21
22
23
27
29

33
33
34
36

39
39
40
41
42



Abstracted movement as a resource
Challenge of an object-tethered language
Challenge of thing-focus in design
Challenge of detail as precision

2.5 A semiosis of movement data for design
The process of abstraction as a resource
Access to a variety of spaces and places
Access to a variety of digital contexts
The presentation of abstraction as a resource (from data to scripts)
Computational power gives live-ness
Code is handmade
Code as open source
The perception of abstraction as a resource (from scripts to visuals)
Data presented through scripts
Movement represented

Chapter 3 Methods of materialising movement for design
and a summary of articles

3.1 Positioning research methods

3.2 Research methods

Textual analysis
Drawing on related disciplines
Drawing on alternative approaches
Drawing on designers’ discourses

System network analysis

Concept generation for design and through design

3.3 Design techniques

Design collaboration

Design workshops
Workshop 2010
Workshop 2011
Workshops 2012 & 2013

A tool for investigation

3.4 Reflections on some limitations
Single, not yet social

Situated, not yet context

Attention, not yet gaze

3.5 Reflections on evaluation and feedback
Presentations and feedback
Articles and peer reviews

\

43
44
45
46

48
48
48
49
49
49
50
50
50
50
51

53

54

57
57
59
59
61
63
66

68
68
68
69
71
72
75

79
79
79
79

81
81
81

3.6 Summary of articles
Article 1:

Full-body movement as material for interaction design

Article 2:

Materialising movement: designing for movement-based digital interaction

Article 3:

Making do and making new: performative moves into interaction design

Chapter 4 Materialising acts

4.1 Concept-building as a materialising act
Movement visualisation concepts

Movement data tool-making concepts

The role of concepts

Temporality and agency

A Movement Schema

4.2 Materialising movement data

through Sync as a materialising act

Sync

A situated look at movement data

A repeated and revealing look at movement scripts
Materialising application

4.3 Sync multiples

4.4 Materialising acts
Conceptualising embodied movement
Designing for variation

Implications for the interaction field
A critical role for designers

Chapter 5 Conclusion
Main contributions
Moving ahead

References

Appendix A
Appendix B

Articles
Article 1:

Full-body movement as material for interaction design

Article 2:

Materialising movement: designing for movement-based digital interaction

Article 3:

Making do and making new: performative moves into interaction design

82

82

83

87

88
88
89
90
92
92

97
97
98
100
100

103

123
123
125
126
128

131
132
133
135

147
149

Vi



Vil

ACKNOWLEDGEMENTS

First, I would like to thank Andrew Morrison, for both freedom and support.
As my supervisor he was encouraging from day one, generously sharing his
knowledge, time and expertise.

I would also like to express my gratitude to the Oslo School of Architecture
and Design (AHO) and the Design Institute and particularly to Rachel Troye
the Institute Leader as well as her predecessor Jonathan Romm, for supporting
this research project. I am also indebted to the many enriching debates and
discussions with colleagues and students at AHO.

A special thank to Joel Gethin Lewis and Peter Hellicar for such an enjoyable
collaboration; I thoroughly enjoyed every discussion, idea and sketch.

During this project I have been fortunate enough to meet researchers, artists,
writers, philosophers, choreographers and scientists through projects and
conferences such as MotionBank, TKB - A Transmedia Knowledge Base

and Corporeal Computing. I am grateful for their interest, attention and

in particular for the questions they asked, that have spurred me on. The
various artlabs, workshops and conferences proved invaluable for this project
and I would like to especially thank Scott deLahunta for facilitating many
roundtable discussions, both informal and formal, crossing over various
fields, practices and expertises.

I am especially grateful to Gry Bech-Hanssen for participating at every stage
of making Sync, and for providing a tempered voice over numerous coffees.
I also greatly appreciate Rosa Hernandez for her engagement and support in
many workshops. And I thank my circle of very patient friends and family
who have seen less and less of me as the project progressed.

Finally, I am especially thankful to my family Maziar, Caspian & Leander
for your love, support and patience as well as frequent reminders to enjoy
every moment. This would not have been possible without you.

Lise Amy Hansen
Oslo, January 2014



ABSTRACT

Today, our movements are increasingly informed and influenced, shifted

and shaped by a digitised environment. The aim of this thesis has been to
explore and present a creative potential in conceptualising full-body movement
and movement data for digital interaction. I was motivated by the expressive
and performed movements that we observe and act upon in interpersonal
communication to identify a potential in digital interaction. I use concepts
and intermediary digital tools as a way to both explore and communicate
full-body movement as a design material, that is, as a communicative resource
for meaning-making in digital interactions. I take a communicative approach
and adopt a Social Semiotics framework. I discuss how corporeal qualities

are in part expressed through our movement dynamics in that movement
requires a body and this body is aged, gendered, cultured and conditioned

as well as sensate, expressive and performed. I explore how to address such
notions through their visual form, by way of abstracted data, represented in
dynamic visualisations. My argument is that there are creative and pivotal
decisions in how we materialise movement and movement data for design.

I draw on choreographic research and digital tools to position movement in
design and I propose the concepts of Accessibility, Immediacy and Generation
as central for how movement needs to be visualised for interaction design.

I suggest a textual conceptualisation of movement dynamics in a Movement
Schema, where I identify Velocity, Position, Repetition and Frequency as
modalities that address how we use movement dynamics to communicate.

I further explore dynamics in movement data by way of design investigations
in collaborative workshops with interaction designers Hellicar&Lewis. We
created a digital application, Sync, which allows for dynamic visualisations
of movement data. I also devised the concepts of Malleability, Visuality and
Ambiguity highlighting creative considerations in handling movement data.

My motivation for naming and conceptualising movement is to understand
how movement can be made to matter for design. By making a case for
movement and movement data as a creative material for a designer, I

place a focus on movement scripts, that run and increasingly perforate our
surroundings, informing and altering our movements. Corporeal qualities
may be made creatively available through materialising acts such as through
digital tools for the dynamic visualisations of movement data. By unfolding
the concerns of the various stages of materialising movement, designers
can consider the role of movement at a conceptual level and in turn enable
interactions to be built that are informed by a critical view on movement
and, by extension, the role of our bodies.
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INTRODUCTION:
MATERIALISING MOVEMENT

Our environments are becoming increasingly digitised, influencing not
only where and why we move, but how we move. The relational materiality
of digital information has been described in the following metaphor by the
philosopher Noé:
I can’t swim if there is no water. The water and its availability is part
of that which enables me to be a swimmer and likewise the world
around me and other people are part of what enables me to perform
or enact my experience (2009: online).

Today, our everyday movements are increasingly informed and influenced,
shifted and shaped by a digital ‘water’ or a digitised environment that includes
pervasive Wi-Fi access, marker-less sensors (e.g. Kinect) and pocked-sized
devices (e.g. iPhone). By exploring the relational dynamics of movement and
digital systems, we can see the reverse argument that we can in turn shape

the role of technology in design by exploring how we use our movement as
communication and expression. In such explorations it is central that we have
a critical view on full-body movement and movement data as they form a
constituent role in our interactions with, through and for technology.
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Materialising movement opens up a design space

Movement data is distinctive in that it encompasses corporeal and
computational qualities. No€s water metaphor reveals that the qualities of
water enable swimming. Likewise I argue that the digital water in which we
swim or move through today enables particular movements, activities and
communications. When we design with movement data, we also inform and
shape the kinds of movements that digital information influences. As Hallnds
writes, ‘Interaction design is a matter of designing the acts that define the
intended use of things and systems’ (2011: 75).

The more we know about the material qualities and the nature of movement
data, the more informed are the decisions we can make as designers
influencing the application and development of technology. In terms of
design, material is defined as all the elements that are shaped in order to
build an interaction: ‘Form is the way material builds things; to build a
thing, we form materials’ (Hallns et al. 2002: 157).

In order to address movement for design, designers need to conceptualise
or abstract movement. This is because, unlike choreographers, designers
rarely work on shaping movements with actual movement although we
design with and for both. Therefore, we need to materialise movement
through language or visualisations because the movement is addressed
abstracted from actual movement. We also need concepts, named qualities
and relations that come into play when we work with and apply movement
as material in digital interactions.

Materialising acts

In developing an understanding of movement as a material, designers need
to explore, twist, pull and get a ‘feel’ for the material properties of movement.
For more traditional material such as wood or fabric this is an instant exercise,
but for movement data such explorations remain more elusive. This is in part
because ‘digital information is inaccessible to direct experience by humans’
(Wood 2007: 4). Also, computation is a composite, and ‘computations need
to be combined with other materials to come to expression as material’
(Vallgarda & Redstrom 2007: 513). Further, digital media often work in terms
of processes, with ideas, structures and relations ‘that are invisible on the
surface’ (Wardrip-Fruin 2011: 320). In addition, movement data is particular
in that it comprises of corporeal and computational qualities making it in
part gendered, enacted, relational and cultural, yet abstracted from the body.
In this sense designers need an informed or skilled vision of movement in
order to unfold the possibilities of movement as communication. Therefore,

CHAPTER 1

designers need tools for exploring movement data, similar to being familiar
with a camera to take advantage of its photographic possibilities. People

are highly skilled in deciphering movement with their eyes, yet to do so
computationally is still in its infancy (Bevilacqua 2007).

I argue that a material exploration of movement data has the potential to
inform a development of novel designs and communications. By drawing on
a critical view of movement as part of digital interactions, design may extend
the way we communicate and in turn the way we move:
Through digital abstraction, we can get a better understanding what
people are doing in spaces, and this will make a massive differences for
how we can make new kinds of interactions and new kinds of artwork
and new improvements to life through design (Levin 2012: online).

This thesis materialises movement through conceptual developments
(introducing, naming and positioning concepts) and design developments.
It describes the making and experimental uses of a tool called Sync. Overall,
I make an argument for full-body movement and movement data to be
considered as a material and as part of a designer’s repertoire. I argue for

a research trajectory of movement as communication (in concert with
movement as experience in computing) and reflect on the possibilities

of such a new design space.

Background

The motivation for the study was the coming together of reflections gathered
through my training in graphic design at Central Saint Martins College of
Art & Design and the Royal College of Art, London, as well as in dance at
Den Norske Operas Ballettskole and Kirsti Skulleruds Ballettskole. Having
explored movement through many years of dance training, I was intrigued by
the sophistication with which we all use our bodies to communicate with each
other and, equally, by the lack of complexity in the way technology ‘senses)
reads, uses or applies such communication.

Research questions

The overall query of this thesis is as follows: How may designers explore
movement qualities and potentials as a design material in interaction design?
This played out in three more specific questions as the study progressed

and was published in peer-reviewed journal articles: (1) What qualities and
communicative aspects of full-body movement visualisations are important
when designing for digital movement-based interactions? Reflecting upon the
research for this initial part of the project allowed me to identify movement
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data as a creative material for design. This led to the next question: (2) How
may we conceptualise and materialise movement in order to inform a design
process of movement-based digital interactions? This was explored through
the two strands of theory and practice. The former resulted in a Movement
Schema, while the latter in the digital application, Sync. These two concurrent
strands of enquiry led me to the next research question: (3) How may digital
tools enable designers to creatively engage with movement data and by
extension movement, in order to explore the inherent dynamics in movement
data? In this part of the project, I developed concepts that addressed the
making of digital tools as part of a process of materialising data for interaction
design.

Framings

I make a case for a design-sensitive approach to movement by way of
movement data. Movement as communication has been studied in several
domains related to design. In linguistics, movement is studied foremost

as gesture and posture in relation to language (e.g. Birdwhistell 1971). In
developmental psychology it is seen as pre-verbal as opposed to non-verbal
(e.g. Stern 1998). Art history has been concerned with movement as posture
and by how it is captured in paintings, sculptures and photography (e.g. Penny
2004). Further, film and performance studies is concerned with movement as
style in styles of acting and style as expression (e.g. Mamet 1992, Foster 1995).
In dance theory, movement is seen as a form of non-verbal communication
expressing what words cannot (e.g. Williams 2004).

I adopted a Social Semiotics approach to movement in order to focus on the
semiosis of movement for design. This was in part because of the complexity
of the meaning-making of movement and in part due to the fact that
movement data is a material continuously made as data is presented and is
thus a pivotal step in developing movement-based digital interactions.

I draw on how movement has been understood in related and overlapping
fields addressing movement data. I do this by exploring the ways in which
the moving body has come to signify meaning, that is, as a creative resource
for interaction design. I further explore the practical and technical concerns
of movement data, according to which movement data handling is a creative
resource for design. In so doing, I draw on the three components of digital
media, design and body. Movement has been addressed regarding all three
but with different frameworks and different knowledge-building practices
(see Figure 1).

CHAPTER 1
COMPUTER SCIENCE DESIGN THEORY
COGNITIVE SCIENCE COMMUNCIATION
NEW MEDIA NEW MEDIA
DESIGN /
MAKE & FACILITATE
COMMUNICATION
SOFTWARE /
DIGITAL
INTERACTION &
SCRIPTS
MOVEMENT /
BODY-BASED
PRACTICE AND
PERFORMANCE CHOREOGRAPHY
PERFORMANCE STUDIES

ANTHOPOLOGY

Figure 1 Overlapping fields and practices: the diagram identifies the elements that constitutes
movement-based interaction drawing on a different practices and theoretical fields.

I chose Social Semiotics to address movement data as a design material and
make an argument for a creative potential for design. However, I do also
acknowledge the limitations of categorisation, abstraction and representation
that come with such an approach. This extends to the tendency of Social
Semiotics to be centered on grammatical, structural and systemic linguistics,
as Prior argues (2005). Norris goes some way in addressing situated
sociocultural practices by attending to the structure and materiality of
mediating action (2005). However, this thesis attends to how a material can
come to be part of such mediating action. Thus, I argue that by attending to
how we categorise in addition to what we categorise we may address issues of
embodiment and agency through movement and movement data.

Methods

Methodologically, I drew on both theoretical reflection and practice-based
design investigations in my explorations of how designers may creatively
engage with movement and movement data in order to understand and

shape it as a design material. These approaches were positioned from a
communication perspective as this framework enabled me to textually analyse
current research on digital tools in choreographic practice and to identify
concepts addressing visualisations of movement for interaction design
(Article 1). I then drew more closely on Social Semiotics in developing
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a Movement Schema that identifies and names central modalities in full-body
movement and how they relate to each other in terms of design. I also drew
upon my own and others’ design expertise in collaborating with interaction
designers Hellicar&Lewis in developing Sync, a digital tool for exploring
movement data through dynamic visualisations (Article 2). These design
investigations, together with textual analysis informed by Social Semiotics,
further allowed me to identify and propose concepts central to digital tool-
making for interaction design (Article 3).

Throughout the research, I also attended workshops, art labs and symposiums
where I had the opportunity to present my work and be exposed to other’s
related enquiries, fields of work and expertise. I could also observe, discuss
and ponder my own and others” design developments and artistic and
technological explorations. I found that this was an invaluable resource, as I
was able to connect with people in larger international projects and become
aware of current developments in the field. This was also compounded by

the online open source community ethos with which this study aligns itself,
enabling collaboration across projects and countries.

Positioning movement for design

The chapters that follow, discuss how it is complex to frame movement
as communication, since it is embodied, experienced, expressive,
cultural, relational and performed. Perhaps this is why movement is only
narrowly addressed or lacks a critical reading in design, as Farnell found
in Anthropology (2011), Williams in Dance (2004), Sheets-Johnstone in
Philosophy (1999a, 2011), Stern in Psychology (2010) and, indirectly, by
McCarthy and Wright in Human-Computer Interaction (2004) through
an experiential account of use.

I found that movement data drawn from an embodied, expressive, cultural,
relational and performed body is unique in that it encompasses both
corporeal and computational qualities and that these are in themselves
particular (e.g. Munster 2006, M. B. N. Hansen 2006, Portanova 2013).

Exploring movement for design

I make a case for dynamic visualisations giving designers insights the distinct
qualities of movement data and, by extension, movement as communication.
The tool Sync addresses some of the concerns raised in the framing of
movement as material for design e.g. movement as embodied communication.
I discuss Sync in light of full-body movement as a resource for digital
communication.

CHAPTER 1

Opverall, I reflect on how designers may approach movement as a material.
address how movement has been conceptualised in dance, anthropology and
linguistics in order to study expression, experience and communication. I also
make a case for how design may conceptually address bodily agency by way of
movement. The motive is to highlight the role of movement as a constitutive
part of interaction designs as well as to inform a design process of movement-
based digital interactions. I also briefly describe some limitations of my project.

Contributions

(1) The first article introduces the concepts of Immediacy, Accessibility and
Generation in movement visualisation for interaction design. (2) The second
article centres on a Movement Schema as well as Sync, a visualising tool for
the dynamic representation of movement data. (3) The third article develops
the concepts of Flexibility, Visualisation and Malleability in tool making for
digital movement-based interaction design, as well as a model positioning
these concepts in a tool design process. (4) The open source tool is available
(http://kinetically.wordpress.com/sync-download/) and is thus both a
research contribution and a contribution to practice. (5) This exegesis argues
for how computational materials are generated through theory and practice in
materalising acts. The exegesis positions movement data as a design material
through the tool Sync and movement data visualisations. It further positions
the relational mix of movement and movement data as a topic ripe for further
research.

Outline of the thesis

In summary, the thesis consists of three published peer-reviewed articles, a
published open-source digital tool and an exegesis. The exegesis is structured
as follows:

Chapter 1 introduces and outlines the overall aim of the thesis, the research
questions, touching briefly on the framings and methods, and presents the
structure of this publication.

Chapter 2 outlines the background and motivation for the research questions
and presents Social Semiotics as the theoretical framework for the research.

I describe a lack of approches and tools for design to work with and explore
movement. I position full-body movement as a resource for design, drawing
on the dynamics and conventions in movement-based interpersonal
communication. I further relate movement to design by way of movement
data and identify the handling of movement data as a materialising and creative
act, which in turn informs the design of movement-based digital interaction.
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Chapter 3 presents methods for developing the research and the research
designs. It discusses textual analysis and concept construction, design
investigations and collaborative design as methods for generating and
communicating knowledge in and for interaction design. The chapter further
presents a summary of the published articles.

Chapter 4 takes up the overall question of the ways in which designers may
materialise movement. I use concepts from my articles to discuss concept-
building as a materialising act. Motivated by the need to unfold various
possibilities in movement visualisation for design and digital tool-making
for design, I found that proposing concepts was a way to discuss and
communicate such possibilities. In turn, these concepts present an extension
of Social Semiotics, as they address the semiosis of movement for design.

I then discuss the Movement Schema and Sync by considering the ways

in which they materialise movement and movement data by providing
insight into dynamics and real-time visualisations. I focus in particular on
corporeal and temporal qualities and the ways in which movement data
represents these. I argue that the practice of digital re-corporealising offers a
creative resource for interaction design. In turn, such a materialising act or
materialising production is a semiotic resource in itself and also presents an
extension of a social semiotic understanding of movement.

I proceed by reflecting on the implications that addressing movement in

this way has for the design process. I argue that a dynamic material such as
movement data positions interaction design as composition and innovation
(rather than a digital imitation or technological optimisation). I point to some
of the implications of materialising movement for design as well as suggesting
further research.

Chapter 5 is a summary and a conclusion of the research. It suggests that

a material exploration places the moving body as part of the action in the
design of interactions, rather than as a post-design occurrence. It further
suggests that a material exploration of movement provides performative data
in that they may inform novel communication. The conclusion also presents
a short list of my main contributions to a critical understanding of full-body
movement as a design material for digital interaction.
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MOVEMENT AS A MATERIAL FOR DESIGN

In this chapter, I present the philosophical visions and positions of this thesis
as a context for identifying movement as a material for design. I explain the
motivation for the project, which has proved pivotal in research development
both in terms of my background and training (design and dance) and in terms
of the subject matter of digital movement-based interaction design.

I explain why I included design processes as a part of the research and why
the project focused on movement and movement data as the design materials.
I also argue for why methods need to be revisited and developed especially

as they relate to the body. I discuss the need for interaction design research

to acknowledge the relevance of body-based knowledge production. I also
outline some ethical considerations.

I describe Social Semiotics as the theoretical framework adopted for the
thesis. I discuss how the body and the moving body in particular, can be
a resource for digital communication. I briefly outline the steps whereby
movement is abstracted with attention to what each transaction addresses
in a materialisation of movement for design.

10 11
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2.1 STARTING POINTS

I trained as a graphic designer at Central Saint Martins College of Art and
Design and at the Royal College of Art, London. Previously, I had trained to
become a dancer at the Norwegian Opera’s Ballet School until the age of 17.

I mention this training as it informs a skilled vision, the ‘socially organized
ways of seeing and understanding events that are answerable to the distinctive
interests of a particular social group’ (Goodwin 1994: 606). This mix of
training sparked my initial questions: Where is movement in interaction
design processes? How may interaction designers address and work with
movement as communication?

This prior knowledge and training coupled with a desire to design as well

as understand movement-based interactions informed how I read, analysed
and positioned the theory close to practice. Design research has been defined
in a variety of ways (e.g. Sevaldson 2010). However, design research can be
distinguished as a motive to generate ‘knowledge about design and for design’
(Horvath 2001: 1). This is an apt definition of design research for my doctoral
research as I approached the project through two means: theory and practice.
For design research, these have been distinguished by Frayling as being into
design i.e. studying the practice of other artists or designers and through design
i.e. the practice serving the purpose of meeting the research aims (1993: 5).

The role of design: why make?

The project comprises several overlapping but distinct disciplines, from
choreography to interaction design and Human Computer Interaction (HCI).
This imposes a challenge with regard to methods or processes of enquiry, as
each research field is based on different practices and analytical frames. With
an aim to inform interaction design research, I chose to include a design
process as one strand of enquiry informed by theoretical writings in each field
as well as collaborative workshops and arts labs where the making was close to
the theory building.

My approach to making with reflection as a mode of enquiry is motivated

by the possibility of exploring materials to inform design processes and use
of movement beyond how movement is currently applied and affected in
digital interactions. With the aim then to explore the potential of movement
and movement data in interaction design, I look beyond current practice

by adopting a material approach to movement. Goodwin’s research on

how a ‘professional vision’ informs practice places this potential (2003: 20).
Goodwin refers to archaeologists whereby the discovery and excavation of
an object or feature is understood through the embodied work of making the

12
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object or feature visible or apparent. It is also understood in the context of
conversations with colleagues, the forms with which the discovery must be
registered and so on. In this sense, one can argue that we are simultaneously
making what we find as we discover new features or objects. In this sense,
my stance is that it is important to voice concerns and considerations that
come from within a field to complement research and insights coming from a
more situated stance where the research comes from observing design rather
than designing. As such, the project aligns itself with Archer’s view on design
research:

there are circumstances where the best or only way to shed light on

a proposition, a principle, a material, a process or a function is to

attempt to construct something, or to enact something, calculated to

explore, embody or test it (1995: 11).

I propose that exploring movement in interaction design is a circumstance
wherein the role of design may inform the query in ways that would be

hard to identify without engaging with the material. With novel access to
computation through affordable sensors and building-block algorithms

in movement-capture coupled with an active and accessible open-source
community, designers may now explore computation as a creative material

in ways not previously possible. This has in part been a challenge of access

to technology and in part a challenge of software itself being ‘outside of the
phenomenal field of subjectivity’ (Hansen 2000: 17) and data needing another
material in order to come to expression (Vallgarda & Redstrom 2007). This
materialising step is seldom addressed and despite software’s ‘underlying
logic exists in an explicit encoding that can be examined, this takes place very
rarely’ (Wardrip-Fruin 2011: 320).

In other words, there are conceptual and creative decisions already taken in
the making of computational material that inform how one may then design
using such material. I found that this was an underdeveloped area in relation
to the pervasiveness of digital interaction today. Slavin points to the same
concern in his critique of virtual reality by saying that we could be ‘inventing
new ways to see rather than new things to look at’ in that reality is plenty:
there are plenty of things to learn to see in the worlds around us (2011: 173).

A design approach: why focus on material?

I position design material as the elements that are formed through a design
process: ‘Form is the way material builds things; to build a thing, we form
materials’ (Hallnés et al. 2002: 157). In other words, this refers to the elements
where there are choices to make such as regarding their shape, scope or the

13
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role of the elements that contribute to or become part of the interactions.
A designer works with various levels of knowledge as to how materials may
appear in their finished state. A shaping process can in part be informed by
studying the appearance of a finished design, which for interaction designers
can be the experience of a digital interaction. However, in order to inform the
making of designs rather than an experience of, designers also need to know
and explore a material’s properties or characteristics, as Hallnés writes:
The logic of design expression is the basic aesthetic guiding force in the
design process. What is given in the process of designing is a task to
express something, to introduce, to define that which displays a thing.
Experience of use is in this respect always secondary (2011: 75).

Thus it is important to know how materials may be shaped and shifted, mixed
and meshed or activated into a final design. Additionally, designers need to
know the tools with which to do so.

Therefore, in order to explore ‘that-which-is-not-yet-in-existence’ (Nelson &
Stolterman 2012: 154) I decided to explore the possibilities of the constituting
materials in digital movement-based interactions. I found that movement
data, despite being a fundamental element in any movement-based digital
interaction, was rarely addressed as a creative material. I also found that there
were few tools for working with movement data and that these were in the
main developed for interaction with and for sound. The software used by
choreographers for instance, have mainly been ‘written by and for musicians
(BigEye, Image/ine, Max/MSP, VNS). Such code may not be ideal for
physically rich and complex action’ (Birringer 2008: 146).

In addition, the available software for movement concentrated on analysing,
creating and facilitating movement for the stage and performance e.g. Isadora
(http://troikatronix.com/), PieceMaker (http://motionbank.org/en/event/
pm2go-easy-use-video-annotation-tool), Field (http://www.openendedgroup.
com/field/) and Whatever Dance Toolbox (http://badco.hr/works/whatever-
toolbox/). This may differ from the kinds of processes and movements that
design usually engages and draws upon.

In shaping a material such as movement, by way of movement data, I also
lacked access to the possibilities of designing the various processes with which
to handle and ‘play out’ such data. In particular I needed to understand the
visualisation processes if I was to design with movement data:
Digital media are not simply representations but machines for
generating representations [...] the operational and ideological

14
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commitments of digital media works and platforms are visible more in
the structures that determine their movements than in the tracing of
any particular series of states or outputs (Wardrip-Fruin 2011: 303).

In other words, the visible in a digital media design will not necessarily

reveal the potentials of its computational material. A finished design will
present a particular instantiation or a particular process or generation of

a computational material. Similarly, an understanding of choreographic
processes can only be partially informed by viewing finished pieces performed
on stage. One would also need to understand the potential expressiveness of
movement and the physiology of bodies as well as techniques for movement
generation and movement rehearsals.

In this sense, for an interaction designer to gain an understanding of the
design processes of digital interaction, the designer needs to couple an
appreciation of existing work with an informed view of the processes with
which they are made. Interaction design is a young research field and there
is much to explore through design:
When we are moving beyond the well known and on to the new and
not yet known, these ‘areas’ become useful and creative exactly because
of their vagueness. Their blurriness makes them open, that is, open
to diversity, creation, and combination. Thus, the blurred edges of
concepts are places (topics) where invention and innovation take place
(Liestal 2003: 405).

In this sense, we can start to explore how materials come about today and how
a material’s capacities may be communicated (e.g. Bell & Dourish 2007). I
position a material’s agency to reference its capacity for action e.g. the possible
ways in which a material may be formed or put to work. I further position

this work in relation to a designer’s process as elements made material in
particular ways in order to be designed or to be part of a design. In this sense,
I see a material’s agency as continuously negotiated and made in a design
process as well as in a finished design: ‘Agency is not an attribute but the
ongoing reconfigurings of the world’ (Barad 2003: 818).
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New methods for new computational materials

My literature and software reviews suggested that computational modelling

of movement, though precise, lacked an identification of creative potential

in the data or the creative potential in handling the data. This entailed that

in part I had to find out how to find out. On the subject of computational

material shaping design Manzini termed this ‘extending the knowable”:
Faced with new matter, which takes the form of a set of encoded
information, the designer’s capacity to communicate increasingly
becomes the central feature of design practice (Manzini 1989: 63).

In this sense, it is important to explore and articulate design materials because
computational practice also builds conventions, as Haigh writes:
Software tools encapsulate craft knowledge, working practices, and
cultural assumptions. [...] these encapsulated qualities are reproduced
with each new software revision, often enduring for decades’ (2009: 7).

This concern is also described by Blaauw and Brooks regarding the difficulty
of arriving at the design choices and possibilities in the analysis of a finished
design in computer architecture (1997). In this sense, by researching and
engaging with a material, its processes and possible expressions, we gain

an understanding of the possible ideas that can be achieved through a
materialisation process. This informs design processes and, in turn, research
processes. I explore materialising acts on movement and movement data.
However, my concern is to develop an understanding for design knowledge.
This entails different methods and different outcomes as discussed further
in Chapter 3.

The research presented in this thesis was shaped by the journey I took

as a design researcher, initially planning to design movement-based
interactions by way of installations and explore the nature of interactive
full-body movement. However, the further I progressed with theoretical

and practical enquiries on the role of movement in interaction design, the
more foundational questions I found unanswered. In other words, before I
could design movement-based interactive systems and settings, it required a
positioning of movement as a design material for digital interaction, then to
see how movement data could be visualised and its communicative potential
presented and, finally, to find how one may design tools for such materialising
acts (e.g. Hansen 2010, Hansen & Morrison In Press, Hansen 2013).
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Acknowledging body-based knowledge generation
My focus on movement data in movement-based interaction design lies at the
intersection of design, digital media and the body. The investigations therefore
in part draw upon knowledge acquired through body-based practices. It is
important to include and acknowledge such knowledge-building practices. In
the context of performance studies, Dolan asks how dance and theatre studies
may avoid being ‘dispersed into metaphor’ as they develop academically
(1993: 417). Foster further critiques the ease with which other disciplines
adopt concepts and concerns built up through body-based practices such
as performativity (1998). I mention these concerns because they could also
be addressed in the context of interaction design. Although I am addressing
movement for the design of interactive systems, it is important to note that
‘virtually all interaction with technology makes use of human movement’
(Matthews 2006: 403). It can also be said that design not only makes use of
movement but shapes it as well:
Rather, technology becomes a structural force. For this reason,
technology (design) is not the result of socially formulated needs or
utilized functions. On the contrary, it permeates our environment and
becomes a precondition for our individuality and our self-conception,
since it produces use’ (Buurman, 2005: 53)

There is also a growing acknowledgement that designers need to physically
move themselves to fully grasp the implications of the concepts that they
develop (e.g. Hummels et al. 2007). In order to address these concerns, my
explorations of full-body movement as a material for design were informed by
these discussions, and I chose to organise workshops where we as designers
could investigate movement by way of making and moving ourselves. Ingold
argues for this kind of knowledge from material making, working with its
properties ‘and what it feels like to work with them’ (2011: 3). Bunn further
writes the following:
the maker’s relationship with materials is an important and
fundamental part of making for craftspeople, artists and handworkers
throughout the world, without which culture would not be as we know
it. Moreover, there is more to the way we use our bodies in working
with materials and in making than merely skill or technique (2011: 21).

These discussions emphasise the role of the designer in relation to materials

for interaction design, both with regard to the process of making and material
as well as the outcome i.e. the designs. I discuss this further in Chapter 4.
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Addressing agency
These issues point further to a matter of agency in conceptualising and
designing for and from movement. Burkitt places our socially informed
movements as follows:
We never simply ‘have’ a body, for it is always the object and subject
of signification and of attitudes and judgements, which are socially
formed (1999: 99).

In other words, when a body is a part of an interaction, it is a body particular
to a certain time and space. The choreographer Paxton describes the challenge
of deriving laws of movement from objective analysis: ‘Being essentially
objective Newton ignored what it feels be like to be the apple’ (1987: online).
For interaction design, this is a central issue. The design of interactions also
needs to find ways to address the role of agency in our bodies along with

the potential communicative role of our movements. These are central to
movement-based interaction in the sense that a body’s capacity for action is
acted upon by a particular person at a particular time and place.

In this sense, movement cannot be seen as a constant in interaction. The way
we move and use our bodies is closely shaped by culture. Mauss described the
way we move as ‘techniques of the body’ informed by society so that as society
changes, so do our movements (1992). Wegenstein points to how the body has
been seen as a constant yet neglected part of cultural production throughout
history (2010). However, the roles our bodies play do not stay constant. In
this respect, Foster argues for the importance of revisiting the body as culture
develops:
as long as every body works to renew and recalibrate these codes,
power remains in many hands. Otherwise the conventions will take us
‘unawares’ and gain the upper hand (1995: 19).

I mention these arguments in order to acknowledge the agency of bodies in
interaction, which is a core issue to consider when building and designing
interactions for future designs such that they can leverage the sophistication
with which we communicate through movement. In Chapter 4, I discuss the
potential for digital interaction in addressing the communicative potential
of movement and movement dynamics in particular. As a design researcher
coming from practice, one of the aims of this research project was to remain
relevant to practice. As such, I needed to find a way to address the agency of
a body or our movement in a way that would be relevant to designers. This
motivated my choice of Social Semiotics as a theoretical framework. As will
be explained in subsequent sections, this framework aligns itself with the
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design process of sense-making through material exploration, by identifying
meaning-making processes rather than settling on a fixed meaning and

as such reflecting a designer’s process of creating, communicating and
facilitating meaning through material explorations and designs.

Ethical considerations

It is important to note that this study of movement for digital interaction

and materialising movement data was not undertaken to automate or
functionalise interactive movement communication or by extension to gain
control of movements. The thesis has an experimental, explorative material
approach, which implies that its aim is to open up, unfold and inform design
researchers about movement data and how it may be used to communicate.
The research aims to support designers, artists and others in creatively and
critically drawing upon movement and applying such data for people and with
people, as opposed to people having to adjust their movements to the design.

I assume that with increased knowledge of the nature, scope and possibilities
of movement as communication through and with digital media, designers
may make more informed choices concerning technical and moral issues:
it is political and ethically crucial to recognise the vital role of
infrastructure in the ‘built moral environment. Seemingly purely
technical issues like how to name things and how to store data in fact
constitute much of human interaction and much of what we come to
know as natural (Bowker & Star 1999: 326).

However, by focusing on creating systems that enable expression rather than
having a focus on function, we may also be adding to the ways in which we
express ourselves and use our bodies rather than automate, imitate and limit.
I am in particular motivated by the computational possibilities of addressing
a variety of movements and a variety of bodies. Thus, instead of automating
and streamlining designs for an average body, we may use computational
possibilities to tailor and tack for a greater variety of expression in movement
with and through digital media. I am however aware of the argument that

by presenting a tool modelled on movement dynamics, I thereby implicitly
present a model for dynamics (Suchman 2007).
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2.2 CREATIVE POTENTIAL IN MOVEMENT DATA

The next section describes the resources made available for design in
approaching movement as a design material. I position an approach to the
body in relation to digital media and present a diagram of the process of
materialising movement by way of abstracting movement data for digital
interaction. The diagram describes a timeline of the transition from physical
movement to data to visuals. It also positions the technology that enables
these transitions. I discuss an approach to movement data as a design
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surroundings or inform an understanding of how we may be sensed and read
in various ways. In order to understand the design principles for such a world
Kirsh, argue that,
we become familiar with the ongoing developments in embodied,
distributed, and situated cognition’ in other words develop an
understanding of the agency of or bodies, of our movements for design
(2013: 26).

In this sense we may say that all movement is interesting for design in that
‘we cannot not communicate’ (Watzlawick et al. 1967: 49). In this sense, all
movement, whether intended or not or whether perceived as intended or

not, is communication in that it is visually available to others. We can see

this as we go through our day, reading and responding to the movements

of others in queues, negotiating people on pavements, perceiving a waiting
scenario as we walk into a meeting and so on (Wei 2002). The role this kind of
communication may have in digital interaction we cannot yet know; we need
to build a critical understanding of this kind of communication. The choices
we make regarding how we move are expressed through the media in which
they are made i.e. the body: ‘Movement is unique among media of expression.
In other media, the mode of production is different from the mode of
reception’ (Sklar 2000: 72). However, movements communicate to others only
as far as they can be seen. As Kendon writes, ‘if signs are to be transmitted,
they must be seen’ (1995: 116). In this sense, we can position movements as a
visual occurrence, and such visuals can be understood as communication, in
part available to computational systems as well as other people.

However, I am concerned with digital interaction, which includes but does
not limit itself to remote movement analysis. Therefore, I will also need to
explore how to account for movement as an experienced and influenced form
of communication. These dual points of view i.e. an external observer of
movement and the experience of performing a movement, come together in
digital interaction. However, as my research aims to inform design processes,
I attend first to movement as observed. This is required to understand the
design of digital interaction. As Galloway argues, ‘these new digital devices
are all logic machines to begin with’ (2011b: online).

This is not to exclude the agency of the mover; however, we need to attend to
this agency in such a way that may be harnessed by an externally observing
system, in other words, as a material. ‘Logic is the science of appearing, just
as ontology is the science of being’ (Galloway 2011b: online). To first attend
to the material contribution in movement is aimed at seeing how movement
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may be shaped and drawn upon through design, as opposed to experiential
accounts of existing technology. These two points of view are often mixed in
discussions on digital interaction, and it is thus important to separate what
to address when (also see Figures 2.2a and 2.2b).

Designed mediation

When our physical bodies are sensed, registered or traced through digital
media, we may understand our bodies as extended. In other words, our
movements may be registered, processed and re-presented, and this in

turn may influence how we move. It can be akin to a glimpse in a mirror or
window that we pass by, which allows us to check what we look like to others,
and, more often than not, to correct our posture. However, with digital media,
what we see reflected back may be technically mediated.

M. B. N. Hansen describes this disparity between our body schema (how we
experience our ‘inner’ motile body) and our body image (how we see our
visual self outwardly) as ‘body-in-code’ (2006: 20). Hansen describes how
with digital media, this relation may be technically mediated. Herein lies a
creative potential — designers can shape the material and communicativeness
of digital technology and thereby may shape some of the dynamics of how we
may choose to present ourselves to the world. However, as Suchman writes,
we may focus on the relational boundaries for and in communication:
The accountability involved is not, however, a matter of identifying
authorship in any simple sense but rather a problem of understanding
the effects of particular assemblages and assessing the distributions,
for better and worse, that they perform (Suchman 2007: 285).

Suchman makes a case for how we may understand the capacities for action
or agencies at play in a human-computer interaction not from first principles
or computationally, as they cannot be answered in principle. Rather, these
capacities or agencies have to be articulated in practice, that is, we need to
approach them performatively.

Hansen describes how experiences of bodies-in-code have been explored in
fine art installations and artworks such as in Utterback’s Text Rain (2004) and
Penny’s Traces (1997). These artworks give a screened, visual representation
of the body, yet it is important to note that a technological system does

not necessarily need a screen (nor visual representative feedback) in order

to influence our actions. Slavin illustrates this by describing an automatic
voice recorder: we change our voice according to how we think we might be
understood by the script running the automatic voice and we usually adopt
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a tone of voice that we would rarely use to address a person (Walker 2011).
In other words, if we know how we are being read or know how our
movements are being registered, we adapt accordingly.

The adaptability in our movements in interpersonal communication is
sophisticated and complex. It can be argued that it may be easier to study
meaning-making through movement when such communication does

not work, such as in Bergson’s analysis of a stumble (2009) or in Goffman’s
writings on embarrassment (1956). Loenhoff (2012) also argues for such an
approach in digital communication and that to gain insights into processes
of technology-mediated communication, we need to study communication
that does not run smoothly. This is because it permits us to understand the
constitutive conditions of processes of communication as they are currently
applied.

I mention these examples in order to couple concerns of material with
communication and also to highlight the near invisible ways with which

we use our bodies to communicate. They point to how easily we adapt and
adjust according to how we are seen or are registered in various ways. I also
refer to the examples to argue for a critical view on how our movements
become conditioned by digital media i.e. the application of digital technology.
This approach acknowledges a constitutive model for communication where
‘worlds are made by us through our dynamic coupling with our surroundings’
(Noé 2007: 127).

Designed relations
In order to examine how designers may work with the creative potential in
shaping the relational dynamics of a body-in-code, we need to understand not
only the experience of a body as it is digitally extended but also understand
how the relational dynamics comes to be and how to make it so i.e. how a
body-in-code comes to be materialised. One way of doing this is by studying
its constituent parts. Importantly, these parts or elements need to be studied
in combination. This is important for interactions as it is in the meeting with
one another that the specific and novel aspects are brought into play in the
elements. Researcher and choreographer Schiller describes this relational
dynamics as follows:
If we accept this entanglement between human-created techniques
and movement as a dynamic structural and relational event, then we
replace discussions of the body and space or body and machine with
the fluid surprises of relational dynamics (2006a: 109).
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Schiller labels such embodied transactions a Kinesfield. She describes the
‘body-medium as a temporal-spatial dynamic based on interactive processes
of feedback which take place between the body and its environment’ (2006b:
225) by expanding on Laban’s notion of a Kinesphere where he delineated the
physical space a body could occupy (Guest 2005).

However, a designer does not have the scope of a choreographer in instructing
dancers in creatively shaping movements. Movements are less accessible for
an interaction designer as interactions are usually not meant to be staged

but played out, often in settings independent of the designer. Thereby, the

role of technology is brought into focus for designers, yet it is important

to see technology as arrangements that can enable particular meaningful
associations of persons and digital objects or systems (Suchman 2007).

A particular reading of agency and events is thus central to understanding
movement in interaction design. In gaming, Wood describes such interactive
events as ‘digital encounters’ and explores the notion of choice as part of the
experience of the wide variety of interfaces as a way to reveal our changing
digital landscape (2007). My argument is that as designers shape and influence
these digital encounters, they need a critical understanding of what they are
working with, which aspects and elements they may alter, shift and shape and
which they may not, in order to understand the effects of these changes.

Movement data is one of the many elements making up the relational
dynamics sketched out here, and by emphasising the potential in movement
to be influenced and informed by technology, designers may start to see
movement data as a particular material in itself, with distinct qualities

and concerns.

In this sense, a material approach has the potential to show designers that
movement data is a way to articulate and discuss movements as well as shape
movements. As I discuss below, by describing movement data as material, we
can build a vocabulary that addresses the properties of the material and in
turn communicate what they enable in design. Little research has addressed
this kind of direction, and I take this up below.
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a Kinect skeleton of 15 points illustrated here. The last section shows a Kinect set-up to illustrate its limited scope as well as the

where the movement data relate to coordinates on a map to a more detailed view of the body as a dot, where the movement
simplicity of the set-up.

data refers to how the body moves as a single unit of analysis. By allowing movement data from different parts of the body to

Figure 2.2b The diagram outlines different kinds of movement data by their different points of view. From a bird’s eye view
be analysed, the movement data can allow for the body to represented as a complex, multimodal system in itself, such as with

CHAPTER 2

Movement data

In this project, I approach movement data as a design material. The creative
potential in handling movement data by way of material properties is rarely
addressed. It is however arguably an element that an interaction designer can
consider, use and shape. Designers usually work conceptually on screens and
in sketchbooks as well as by making models and mock-ups. Rarely do they
design with live bodies to ‘sketch’ out interactions like a choreographer would
sketch out a new movement in a choreography workshop. Thus, in design,
movement is usually worked with as an abstraction. In Figure 2.2b, I describe
the various levels or kinds of movement data that can be drawn from full-
body movement.

Design tools are required in order for designers to explore the movement data
on its own terms i.e. not in order to test the limits or scope of the technology
nor to test an imitation of actual movement but to explore how movement
data may be presented to see what we could then make and design. In
particular for digital material, Victor argues that you need to connect visually:
“You can’t discover if you can’t see what you’re doing’ (2012: online).

Movement data may be presented at various levels of computation from 1s
and Os to scripts and visuals (see Figure 2.2b). This needs to be communicated
via interfaces and data sets that designers can access, shape and use as
material. There is little research on interaction designers’ relationships with
their tools, in particular on ‘how interaction designers choose and use tools
for generating ideas’ (Stolterman & Pierce 2012: 25). The area is further made
complex by movement data having corporeal and temporal qualities and
relations, which become apparent sometimes only in the ways in which the
data is called upon and presented.

However, the answer to how we may understand corporeal and temporal
qualities and relations in movement data may differ from the way we
understand such qualities and relations in actual moving bodies. My
explorations have been based on the working assumption that movement data
is different than actual movement and that the steps in abstracting movement
are decisive for the resulting material with which we design (see Figure 2.2a).
Yet I argue that the body retains a role in the sense that the visualised data
allows us to read bodily qualities from the masses of numbers pertaining to
a movement. Munster argues for such a role for the body that she sees as an
embodiment existing in a particular time and space:
It is not that bodies time and space have disappeared from digital
culture, but the experience of them has shifted to the arenas of
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technological speeds, lived intensities and information flows
(2006: 185).

Further, Wood describes how with digital technology, rather than causing
disembodiment,
we are placed within different spatio-temporal orientations and
organizations. One of the consequences of being placed within these
organisations is the revelation of both the possibilities and limits of
agency in our encounters with technological interfaces (2007: 163).

Exploring just this kind of embodiment and agency in the making of the
dance performance Future of Memory, Coniglio describes how he worked
with 1:1 representations of full-body movement in order to:
create unions, counterpoint and other constructs in the same way
one would approach creating a duet for two dancers - even if the
accompanying image was not representational’ (2010: personal
correspondence).

Coniglio here points to the importance of scale and this is perhaps in part
because we draw upon insights from our own moving body when we interpret
the movement of others, be they human or machines (Wachsmuth et al.
2008). Csordas has also taken this line of reasoning to senses beyond the
visual and introduced the term ‘somatic attention’ as ‘culturally elaborated
ways of attending to and with one’s body in surroundings that include the
embodied presence of others’ (2002: 8). In design research, perception is
usually discussed by way of affordance, as what an environment may offer
an animal (including humans) (Gibson 1986). I am however, highlighting
affordance as a skill, and therefore draw further on discussions on material
in anthropology and performance studies (e.g. Ingold 2000, Farnell 2011,
Csordas 2002 and Noland 2009).

The discussions above on embodiment influence how we may understand
movement data and propose new kinds of engagements through digital
media. These points of view determine to a certain extent what is seen as
possible to be expressed with movement data, which again informs the
designs of the future. This is because for interaction design, ‘function resides
in the expression of things’ (Hallnis & Redstrom 2006: 166). In movement-
based interaction, these expressions are in part informed by the possible
movement repertoire of our bodies (e.g. Loenhoff 2012, Noé 2004).

In addition, the potential expression of movement for interaction design is
conditioned by the way movement is sensed or captured, calculated, stored
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and finally called upon and presented. In other words, the design of the
role of movement in interaction design depends on the way movement is
materialised in the conceptual design process as well as in the final design.

Definitions of the design process have varied over time and with the various
strands of design. Jones has observed that the different design definitions
seemingly describe very different process. However, ‘one thing that is
common to all [...] is that they refer not to the outcome of designing, but to
its ingredients’ (Jones 1992: 4). In other words, the process of designing (and
thereby how we may define it) is closely linked to its material. Thus, with new
materials come new processes.

When designers work to enable new expressions, then a design process is
concerned with facilitating and communicating the material properties within
a design or within an interaction. In taking up movement as a material, I set
about investigating how movement might be framed, analysed and visualised
as data that could allow the realisation of what I call movement scripts. This is
the focus of the next section.

Movement scripts: from collecting data to running scripts

The project focuses on full-body movement in the sense of the body as a
complex, multimodal communicating system. This focus enables a study

of movement as action and its meaning-making. As Williams points out,
movement is often studied as behaviour that enables a study of culture and
society, rules and regulations, but fails to address movement (2004). A central
aim of my research is to be able to apply the research outcomes both to
practice and further design research; thus, I focus on movement rather than
the result of the movement i.e. I focus on the ways in which designers may see
movement as meaningful for designing interactions rather than discussing the
specific meanings of specific movements.

As can be seen in Figure 2.2b, my research looks at the technological
assemblages that draw upon a moving body in a marker-less way, in other
words, by computer vision. I am concerned with the way data is collected

in the sense that there are creative decisions to take as to what digital
information should be registered and what the digital media should be
calibrated to ‘see. This entails that the data is collected from an expressive,
moving body and the digital information is data that in various ways refers
to the ways in which body parts move. I refer to data as information stored as
numbers, collected by way of a mathematical model, which allows movement
to be identified and registered numerically as data. Code is the way in which
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this data is called upon and,
software consists of lines of code - instructions and algorithms that,
when combined and supplied with appropriate input, produce routines
and programs capable of complex digital functions (Kitchin 2011: 3).

Berry (2011) has argued that in order to understand computation, we do not
need to understand the writing of code but to analyse the different layers
that make the code become software. He divides code into the delegated
(source code) and prescriptive (software or running code). This distinction

is relevant because we attend to data by way of software. As I have shown

in the previous section, the body as a communicative source provides in
itself rich communication potential. However, the world in which we live is
increasingly perforated by both sensors and screens, recording and feeding
back information. Software runs the dynamics between these two: sensors and
screens. This dynamic led Thrift to argue that today ‘software quite literally
conditions existence’ (2005: 241).

This leads to the question of how to gain an understanding of code and
software for design in order to inform the shaping of the conditions for our
existence. Hornecker points out that ‘the irony is that as a research area,
TEI (Tangible and Embodied Interactions) is still young and smallish, yet
augmented objects permeate our lives’ (2011: 19). Further, Miller argues
that the way objects become peripheral to our focus challenges how we may
understand materiality:
precisely because we do not ‘see’ them [objects]. The less we are aware
of them, the more powerfully they can determine our expectations by
setting the scene and ensuring normative behavior, without being open
to challenge. They determine what takes place to the extent that we are
unconscious of their capacity to do so (2005: 5).

Berry writes that we need interdisciplinary approaches to software and the
ontology of code in order to see ‘how our lives are made possible through
the application of computational techniques’ (2008). The ‘grammar’ of code
that Berry outlines also foregrounds that code is made as the products
of programmers’ labour and skill. Yet, Berry’s characterisation of code as
grammar also leads to a reflection on how code compares to language,
whether spoken or written. Halliday has observed:
We cannot transform language; it is people’s acts of meaning that do
that. But we can observe these acts of meaning as they happen around
us, and try to chart the currents and patterns of change (1978: 199).
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Software like language can also be articulated by us through our bodies as
Thrift points out: ‘Software is more like a kind of traffic between beings,
wherein one sees, so to speak, the effects of the relationship’ (2005: 241). Yet,
software programmers have a role that does not exist with spoken language,
whereby programmers can change the rules for how we communicate, they
can alter and implement a software’s relationships and effects. New code can
be written in ways that affect the actions and behaviours of many:
A facet of digital technology, and of technology more generally, is not
that they separate us from the world, but rather that they create within
it distinct kinds of engagements. Given the conning pressure towards
technological innovation, moving image interfaces not only take us to
representations of other worlds, but are also in themselves articulations
of the impact of ever-changing networks of interactions between
humans and technologies (Wood 2007: 164).

How lines of code run may seem intangible or ‘withdrawn’ as Berry terms it
(2011). However, as we now live increasingly influenced by running code, it is
important to understand the nature of movement data and the ways in which
we materialise data into code and how code is run as software. As Kitchin
observes, softwares actively shape ‘people’s daily interactions and transactions,
and mediate all manner of practices in entertainment, communication, and
mobilities’ (2011: 8). These issues are also of particular importance now;, as the
role of software is not settled:
We are still laying down the infrastructure, structures and conventions,
the uses, functions and ways of expression and communication. Yet
these dilemmas, these compromises, these struggles will increasingly
matter, as the software infrastructure comes to mediate a breathtaking
proportion of social relations’ (Blanchette 2011: 15).

Thus, to question the possible role of code and software as a material, as
something to be created and shaped and applied, is a complex matter, yet
with the potential to affect many. This points to the need for a critical view
of such design and such code. However, Bevilacqua points out that we can
observe movement qualities ‘with the human eye, but methods to extract such
information from the digital data stream are still in their infancy’ (2007: 27).
It is also worth noting that this is not only the case in computation:
In spite of the pioneering work of Bateson, Birdwhistle, Hall and others
in the 1950s, the multimodal study of human social meaning-making
remains in its infancy (Baldry & Thibault 2006: 249).
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In the following section, I will outline the theoretical framework with which

I approached movement and movement data, informed by the concerns
discussed above. In this section, I have pointed to notions of the body in
digital interactions. I have discussed data and code and their role in shaping
software as pervasive and normative, with the aim of identifying potential for
design in digital movement-based interactions. The section also explains my
motivation for choosing a communication approach. I will now outline Social
Semiotics as a theoretical framework, whilst further outlining the challenges
and considerations of using Social Semiotics as a theoretical framework in the
study of full-body movement for design.
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2.3 A SOCIAL SEMIOTICS FRAMEWORK

In the next section, I outline my Social Semiotics approach, the theoretical
framework for the thesis. I discuss semiotic concepts central for my research:
sign, resource, medium, material, mode. I consider semiosis with regard to
the making of materials, system networks and finally a designer’s critical role
in meaning-making.

Semiotics & Social Semiotics

In this thesis I have taken a socio-cultural view on movement and designing,
which acknowledges that meaning making is situated in a social, cultural
and historical context (Lemke 1995). In order to explore a potential role of
movement and movement data in designing, I draw on Social Semiotics, a
theory of communication that seeks to understand how people communicate
by a variety of means in particular social settings.

Social Semiotics came out of semiotics, which in its broadest sense is a study
of ‘everything that can be taken as a sign’ (Eco 1976: 7). Semiotics studies
signs as the means by which people interpret and express meaning. The Swiss
linguist Ferdinand de Saussure and American philosopher Charles Sanders
Peirce are regarded as the founding fathers of semiotics (Hodge & Kress
1988). They worked separately in the same time period, both producing

a theory of semiotics, however each settling on a distinct approach to the
study of signs (Hodge & Kress 1988). Saussure saw signs as constituted by
the signifier and signified i.e. the physical sign and the symbolic sign, and he
saw the system of these signs as closely related to language (Chandler 2002).

Peirce, meanwhile, saw the interpretative aspect of a sign as a core aspect of
its meaning. He suggested that the meaning of a sign is made up of the form
of the sign, the symbolism of the sign and the interpretation of the sign i.e.

a triadic model of the representamen, the object and the interpretant (van
Leeuwen 2005). Peirce’s model places meaning-making as central to signs and
thereby positions the process of meaning-making as continuous in the life of
signs.

However, Hodge and Kress suggested that traditional semiotics still
emphasised structures and codes over the interrelations and social uses of
meaning-making in social practice (1988). They developed Social Semiotics
with a focus on how meaning is communicated and constructed through
social practice. This development of social semiotics was also based on the
linguist Halliday’s systemic functional approach to language, which focused
on the function of language — what language does and how it does it in a
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given context. With this approach, Halliday focused on how meaning comes
about through a choice of use in language. This to a certain extent liberated
language from structure as it made choice a central organising dimension of
his theory (1978). In this sense, we can analyse language through the choices
made in its use. In social semiotics, what can be chosen for meaning-making
are positioned as resources:

the actions and artefacts we use to communicate, whether they are

produced physiologically - with our vocal apparatus; with the muscles

we use to create facial expressions and gestures, etc. — or by means

of technologies — with pen, ink and paper; with computer hardware

and software; with fabrics, scissors and sewing machines, etc. (van

Leeuwen 2005: 3).

With a focus on the processes of meaning-making or semiosis, this approach
sees resources as made rather than used:
in a social-semiotic account of meaning, individuals, with their social
histories socially shaped, located in social environments, using socially
made, culturally available resources, are agentive and generative in
sign-making and communication (Kress 2010: 54).

In this framework, a medium is the material form that constitutes a sign.
Kress and van Leeuwen have argued that the material medium, such as paper
or paint, contributes to the meaning-making but has yet been disregarded

in traditional semiotics. Similarly, the material production (what they

have previously referred to as technologies of inscription) is a vital part of
meaning-making. They argued that each form of semiosis has a ‘range’ of
signifying resources and how a resource is made significantly contributes to
the possible meanings available for semiosis (2006: 215).

There is an on-going debate about whether a resource can be defined

as a mode or a medium, as this varies with the context and also in use.

For example, a graphic designer may see a variety of options available in
typography, yet this knowledge and thereby the awareness of the possibilities
may be less available to someone untrained in typography. It is precisely in
this terrain that this thesis situates itself.

Materialising process as a semiotic resource

In this approach, a material can become a resource for semiotisation, by way
of making explicit or uncovering the range of possible meanings of a material
form and also the production of the material. Social Semiotics then sees a
mode as a set of culturally and socially made resources for meaning-making.
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Specifically, a material will have a certain range of semiotic potential. For
instance, sound enables different possibilities for meaning-making compared
to printed matter or hand gestures that present a different set of possibilities
compared with colours. However, as I have discussed above, each medium
does not come with a given or set scope of possible meanings. This will
depend on the knowledge of the medium available to the person shaping the
resource. This step is particularly important with regard to computational
material, as it depends on another material to come to expression as a
material.

This approach positions Social Semiotics as a form of enquiry, coming

into its own when applied to specific instances and specific practices (van
Leeuwen 2005a). van Leeuwen outlines three areas of work for the field of
Social Semiotics: (1) the study of semiotic resources and their histories by
combining semiotic analysis and cultural history (2) the study of the uses

of semiotic resources in specific contexts by combining semiotic analysis
and ethnography and finally (3) the development of new semiotic resources,
requiring collaboration with designers and artists (van Leeuwen 2005b). It is
this last area with which this thesis is concerned.

Social Semiotics has extended beyond the written text to include print media
and screen-based media and, to a limited extent, moving images. Social
Semiotics has previously been applied in product design (e.g. Krippendorf
2006) to map action (e.g. Martinec 2000), movement in interfaces (e.g.
Eikenes 2010) and situated action (e.g. Norris & Jones 2005). However, there
are a few arrays into digital movement-based interaction.

Visualising movement data is a materialisation process in the sense that the
visuals may show how movement can come to be meaningful for a designer,
in turn informing a design process. Such an exploration e.g. discovering,
presenting and communicating semiotic possibilities, turns movement data
from a medium to a mode. It does this by allowing designers (and others)
to see the available possibilities in movement data and, in turn, full-body
movement as a resource for design:
We regard material production as particularly significant because
often it is in its processes that unsemioticized materiality is drawn
into semiosis. At times production is therefore somewhat less subject
to the various forms of semiotic policing than are other regions of
the semiotic landscape, and thus leaves more room for individual
possibilities of expression than those regions which have better-known
cultural histories, are more foregrounded and have better-understood
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conventions. To explore material production is therefore also to
explore the boundaries between the semiotic and the non-semiotic,
and between individual expression and -social semiosis. (Kress & van
Leeuwen 2006: 217).

The designer as meaning-maker
In relation to Social Semiotics, designers can be seen as professional meaning-
makers of semiotic resources. Semiotic production, the process of semiosis
through the meaning-making of materials and with materials is always
motivated by whomever is performing the meaning-making (Kress & van
Leeuwen 2006). This kind of activity is akin to a design activity, and taking
account of the motives of these makers or designers gives a critical view of
Social Semiotics. However, the meaning of a resource also comprises how a
resource is then seen:
Sign producers use the semiotic resources available to them according
to their interest at the moment of sign production. Exactly the same
thing can be said of sign interpreters: they use the interpretative
resources available to them according to their interest at the moment
of sign interpretation (van Leeuwen 1999: 193-194)

This points to the importance of communicating the material possibilities, the
properties and potentials that may be achieved with and through a material to
not only to the designers and resource-makers but also to the interpreters.

In turn, by uncovering the processes of how a material gains significance, we
may also understand the underlying motives and presumptions of material-
makers. This approach can form a critical view on ‘the mediating role of signs
and of the roles played by ourselves and others in constructing social realities’
(Chandler 2002: 10).

However, for my research, I found that little attention has been paid to
material production. Prior points out the following, in particular with regard
to Kress’ work: “The focus on semiotic artifacts is matched by an almost total
neglect of semiotic practices’ (2005: 28). Prior further writes:
I do not believe that we can account for multimodality and affordances
without a focus on the whole of practice — on artifacts, activity, and
people alike’ (2005: 29)

Norris goes some way in addressing this by attending to the structure and

materiality of the various communicative modes in an interaction (2004).
However, Norris is looking at a meaning-making scenario where there are
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available resources. I address how such available resources or materials come
to be through a creative, meaning-making process. This has received little
attention in Social Semiotics, and yet for digital interaction (as I will discuss
in the next section), movement is represented by way of several steps or stages
of semiosis (e.g. selecting and collecting data, calculating and storing data,
organising and calling upon data and visualising data) before we can get the
effect of how such a material representation of movement may play out in
an actual interaction. Social Semiotics’ limited attention to practice has been
described by Prior and Hengst:
However, much of this attention to multimodality in new media has so
far addressed a narrow range of oppositions: print texts vs. electronic
screens, language vs. the visual, critique vs. design. Multimodality has
primarily been taken up as an issue of the composition of artifacts
rather than engagement in processes, of representational forms rather
than situated sociocultural practices (2010: 3).

These writers go on to say that Social Semiotics has ‘focused on multimodal
objects rather than multimodality as situated activity’ (Prior & Hengst 2010:
6). Morrison further argues that multimodal texts ‘demands that we examine
how various perspectives for construction and analysis may be negotiated and
combined, nor simply converged’ (2010: 28).

Bolter and Grusin (1999) suggest a complex view on media by way of
immediacy and hypermediacy to address the role of remediation historically
across media. In part, this makes a case for an understanding of technology
and material as rooted in history, though Huhtamo and Parikka point out,
studies of new media often share a disregard for the past (2011: 1). It also
makes a case for understanding media as part of practice whereby there

are complex mutual effects in designing and using digital media. Bolter has
previsouly addressed writing and the compositional writing practice that
the computer enables (1991). Together these discussions suggest that the
development of technology is not a linear nor inevitable progression. The
application of technology is in part conditioned by our creative acts and
what we see as possible (e.g. Manzini 1989). An initial step then, is to see
how we may understand the materials we are now able to apply and
implement in digital interaction design, in order to understand and imagine
what we in turn can make with them. I now turn to address how movement
can be such a resource for design.
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H 2.4 FULL-BODY MOVEMENT AS A SEMIOTIC RESOURCE FOR DESIGN
g g &9 m In this section, I place the body and the moving body in particular within a
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FooE>=0re This entails that designers need to understand and acknowledge that by
designing from and for full-body movement, there are issues of bodily qualities
such as age, gender, ability and health as well as intent and culture potentially
communicated in the way we move and, by consequence, in movement as
a material. For movement-based interaction design then, when designers
draw upon a moving body in the design of interactive systems, designers
8 o knowledge these qualities and in turn be able to address an agency in
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Figure 2.4 The diagram positions a Social Semiotics framework in the project. Firstly as a
communication-based approach to the fields of design, technology and choreography. I then use
the Social Semiotics framework to explore how a temporal, dynamic, procedural, multimodal
material may come into signification, by proposing concepts and creating a tool for visualising
movement data. Lastly, I frame the findings, the concepts and tool within current discussions
on Social Semiotics thereby proposing how Social Semiotics may be extended.

COMMUNICATION

DESIGN /
MATERIAL

SITUATING THE ROLE
OF SOCIAL SEMIOTICS
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attending to movement as dynamic, temporal and procedural (see Figure 2.4).
A foundational aspect of Social Semiotics is the emphasis on how ‘signs are
always newly made in social interaction’ (Kress 2010: 54). This aligns Social
Semiotics with an exploration of movement as meaning in interaction design.
Yet, there is a challenge in accounting for the variation by production and
situation and this is a challenge for Social Semiotics. As Noland points out:

It is rare for a semiotician to consider the ways in which the experience

of producing a sign (orally, scripturally, or corporeally) contributes to a

sign’s contour, dynamics, duration, or communicative force (2010: xiii).

Performed movement

Our movements are cultural and were described nearly a century ago by Mauss
as techniques of the body: ‘the ways in which from society to society men
know how to use their bodies’ (1992: 455). He describes the ways we move
such as walking and swimming as socially learnt techniques. Mauss further
writes that the body is man’s first and most natural instrument. Though seeing
movement in this way is suitable for (certain aspects of) design as it allows
designers to align the techniques of the body with functions in design, this
technical approach does fall short of precisely the scope of movement and the
issues of movement’s agency in interaction design that I wish to address.

The sociologist Goffman describes the choices we make every day as to how
we present ourselves to the world through posture and positions, glances and
gestures as a ‘performance’ (1959: 22). Thus, by seeing our movements as
chosen as well as acted out, we may understand movement as communication
beyond technique. Crossley further points out that Goffman’s understanding
of the body is not only concerned with how society is imposed on the body
but also how ‘we can manipulate our corporeal expressivity to foster and create
impressions of self and subjectivity’ (1995: 147). Thomas further argues for a
reading of Goffman as a ‘scribe to the corporeal’ rather than a ‘handmaiden
of the Cartesian tradition’ (2003: 62). In this sense, we can see that our
movements are performed and create a kind of communication that we can
visually access. This account of agency in how we communicate we ‘all too
often ignore or take for granted in our (clinical/cleansed) concern with the
meanings and practices which constitute our world’ (Crossley 1995: 148).

The choices in movement then may give us insight into a person’s intent. An

expression of intent is described by Bergson as influenced by present and past:
my body, taken at a single moment, is but a conductor interposed
between the objects which influence it and those on which it acts, it is,
on the other hand, when replaced in the flux of time, always agitated at
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the very point where my past expires in a deed (2007: 88).

We may say then that present in the form of a moving body, albeit limited,

we may also find a reason behind a move or attempt to rationalise the result

of a move:
By the very nature of its spatio-temporal-energetic dynamic bodily
movement is a formal happening. Even a sneeze has a certain formal
dynamic in which certain suddenesses and suspensions of movement
are felt aspects of the experience. Form is the result of the qualities
of movement and of the way in which they modulate and play out
dynamically (Sheets-Johnstone 1999a: 268).

Sheets-Johnstone’s example of a sneeze shows that a movement may be
meaningful for digital interaction whether the movement is performed with
intent or not. Subliminal habits and happenings can shift and turn how we
are seen as much as what we usually think of as expressive and performed
movements. Thus, all movement communicates through its various forms e.g.
how it plays out dynamically, and as such can be considered by designers for
a possible role in digital interaction. Dourish points to this when he writes
‘action both produces and draws upon meaning; meaning both gives rise to
and arises from action’ (2001: 206).

Situated movement

By seeing the way we move as a performance also draws attention to where
the performance takes place. This is in the sense that every movement is
situated and ‘space is not an inert backdrop for movement, but is integral
to it [movement], often providing fundamental orientation and meaning’
(Reed 1998: 523). This is particularly relevant for my research as I propose
a materialisation of movement where movement is abstracted by digitising
tools such as computer vision or video. This abstracts information from a
moving body and (more often that not) removes the context and timings
of the movements.

Berger has used the expression ‘ways of seeing’ to refer to the fact that ‘we
never look just at one thing; we are always looking at the relation between
things and ourselves’ (1972: 9). In other words, how we show something or
how we present a resource invites different kinds of seeing. This is important
because just as we relate to, are influenced by and draw upon the movement of
others in informing our own movements, we also interpret movement by its
surroundings. In other words, our movements are relational and allow us to
take on different meanings according to their context (Norris 2004).
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Repeated and revealing movement

This complex picture of meaning in movement expressed and interpreted in
inter-personal communication is further complicated by the tension between
repetition and revelation in the sense that movement gains signification by
both (Gilpin 2011). In other words, we understand movement through its
context and in relation to what we already know and have already seen. Yet,
each newly performed movement, even if repeated, is unique as it appears and
is seen anew.

For interaction design, this poses a challenge in harnessing the variation and
plurality of a unique movement to what is known and can be set to register
and categorise. This is, the tension between the unique event and the system in
which the event is designed to occur.

It is important though to remember that the complexities in performing and
perceiving movement is something we all do every day as we negotiate and
navigate each other. Through our everyday movements we communicate and
perform ourselves whilst simultaneously reading others’ body language; we
act upon and give feedback through a visual reading of each other. Matthews
makes the point that whilst we can in principle say anything we like, we
cannot mean anything we like and that this is a core movement issue in digital
interaction, as movement has no set grammar (2006: 406).

It is precisely this tension between the event and the system that I seek to
address by way of movement as a material with particular properties and
possibilities for design. To this Thrift writes the following:
to acknowledge that the biological cannot be set to one side as though
it somehow inhabited another background realm rather than being a
key moment of the invention of performance and the performance of
invention (2008: 252).

Thus, whilst interaction design removes data from a body, I was motivated
to find ways to attend to the body and the qualities that can communicate
both bodily notions (e.g. ability, gender, age, culture etc.) as well as the bodily
enactments (e.g. the intensity, repetition, rhythms and intonations). To this
end, the developmental psychologist Stern points to how we communicate a
wealth of information, just from the way we move:
we naturally experience people in terms of their vitality. We intuitively
evaluate their emotions, states of mind, what they are thinking and
what they really mean, their authenticity, what they are likely to do
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next, as well as their health and illness on the basis of the vitality
expressed in their almost constant movements (Stern 2010: 3).

Stern proposes that vitality is a key to the communication of movement.
Positioning movement in this way (as opposed to relating it to function or

to language) gives a focus on the sophisticated ways we have of reading each
other in order to communicate and to relate to each other, intended or not,
articulated or not, successful or not. I mention this to make the point that even
if we focus only on a visually available movement, we are still able to gain an
understanding of a persons ability, age, gender and class as well as authenticity,
health and so on, as Stern argues. Movement seen in this light presents a rich
resource for interaction design, expressed in our almost constant movements.

It is important however that the focus remains on action i.e. the ways in which
we move and not on our behaviour. Williams contends that the science of
behaviour,
fails to encapsulate or acknowledge the particular and the cultural,
ignoring that actions cannot be seen apart from human intension,
passion and contexts (2004: 220).

As Williams argues, the ways in which we address movement matters. I

will now turn to how we may find ways to attend to such vitality, movement
dynamics or communicative movement. I outline challenges with regard

to a conceptualisation of movement that addresses qualities such as those
mentioned above, with the particular motivation to make a communicative
potential in movement as an available resource for designers.

Abstracted movement as a resource

Based on the above approaches, movement can be seen as culturally

situated and informed, performed and communicated. In Social Semiotics,
the ways in which and processes of how a material becomes a resource (e.g.
material production) is only briefly addressed as a resource in itself (e.g.
Kress & van Leeuwen 2006). However, this is a central issue for the meaning-
making of movement data: ‘However immaterial it [the digital] might
appear, information cannot exist outside of given instantiations in material
forms’ (Blanchette 2011: 1042). Below I discuss some concerns regarding the
material production of movement data in order to explore the ways in which
movement dynamics may become a resource for digital interaction, in that
there is a gap in experiential accounts and the decisions relating to the design
of experiences.
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Loke and Robertson have approached movement-based interaction through
attention to experience, and suggest that the account of a ‘mover’ ensures
that ‘designers are accountable to the felt, lived experience of the mover and
to the potential users of technology’ (2013: 10). This work is important for
research on movement-based interaction as the design outcome is a lived
and experienced event. Whilst this approach is central to understand design
outcomes, it only goes some way in addressing processes of designing. My
argument is that by the time an interaction can be played out, there are a
number of important decisions and considerations that have been taken,
embedded and scripted in the computational material. My concern is whether
these initial decisions on for instance collection and calibration, are revisited
when the designs are developed to a stage where they can be tried out.

Therefore, it is important to acknowledge that interaction designers usually
work with representations of movement rather than actual movement. As

I have mentioned, whilst a choreographer may work in a studio directly with
dancers in creating new movements, a designer will shape movement in a
less direct manner through objects and screens and increasingly through
interactive systems and settings. This poses the question of how to address

a body in ways that also encompass its agency by way of movement. Below,

I outline some challenges imposed by the abstraction of movement identified
in particular from body-based practices. In brief, these are challenges of the
identification of relevant movement qualities through language, an object
focus in design and a detail focus in mathematical modelling.

Challenges of an object-tethered language

With the aim of informing a design process of movement-based interactions,
I acknowledge that Social Semiotics has limitations in addressing the agency
of full-body movement. However, I recognise the possibility of extending its
reach and vocabulary: ‘Learning to describe “what could be” is the single most
important job now facing semiotics’ (van Leeuwen 1999: 11).

Semiotics has been criticised for its linguistic roots, in particular when it
comes to the body; as it fixes too rigid a system of signification ‘imposed by
culture upon the body’ (Noland 2010: xi). However, the
critique [of a purely semiotic perspective] should not be construed as
negating the study of signs with respect to the body, but as making a
place for a complementary appreciation of embodiment and being-in-
the-world alongside textuality and representation (Csordas 2002: 243).
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The tension that arises from these two approaches, of tending to the semiotics
or to the somatic, is particularly pertinent for interaction design. Though
a designer’s focus is on shaping interactions through objects, code and
context, the interaction (and this is particularly true for movement-based
interactions) and the outcome is played out in an event, and the interaction
exists as an experience. Design addresses this tension in its practice: ‘Design
stands midway between content and expression. It is the conceptual side of
expression and expression side of conception’ (Kress & van Leeuwen 2001: 5).
Yet, such expressions need to be understood beyond linguistic-centred views
in Social Semiotics, because to describe movement through language is in
itself problematic as Sheets-Johnstone points out:
languaging the dynamic of movement is a challenging task [...] The
challenge derives in part from an object-tethered English language
that easily misses or falls short of the temporal, spatial, and energetic
qualitative dynamics of movement (1999a: 268).

This challenge has long been acknowledged in performance studies e.g.
Phelan (1995), Foster (1995) and Sigman (2000) and is in part what motivated
a research path in a practice-based enquiry of movement data visualisations
(as I describe further in Chapter 3).

Challenges of a thing-focus in studies
Addressing movement is also challenged by a difficulty in visually
representing full-body movement. Despite being substantiated in our limbs
and our near constant repositionings, it is a resource that immediately fades,
existing only as it appears:
there is nothing rock solid in movement [...] The observation is
significant in itself and significant academically; simply put, it is easier
to study objects. That empirical fact in the end motivates many to
believe that matter matters more, and in turn to concentrate attention
on the study of objects (Sheets-Johnstone 2011: 124).

This calls for a shift in a design process focused on delivering content for

screens and artefacts to a focus on movement as material and as part of a

conceptual process. This is in part from the particular nature of digital media:
Media technologies per se differ from traditional and modern
techniques of communication in that they inscribe the information
they process: they not only mediate but memorialize - capture and
store — their content. (Clarke 2010: 237).
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Therefore, the step from actual movement to a mediated abstraction is one of
pivotal importance (see Figure 2.1). This has implications for communication
in particular with regard to distance, embodiment and time. In other words,
this is a shift from facilitating functions to exploring a temporal, relational
dynamics through compositional design. In terms of interaction design, this is
a core issue as the designed ‘object’ is a situated activity.

Challenge of detail as precision

A central feature in my approach to movement for design is that the depth

of information or the granularity of data matters. A body typically has 240
moveable joints, each with six degrees of freedom, yielding 1380 in total.
Therefore, we may quickly generate a wealth of data. Yet, higher precision
and more detail may not give the kind of information that communicates

nor provide the tools with which to work with movement. Technology is
developed towards an increased resolution, precision and capacity, yet there is
a need to critically discuss how today’s available technology is applied and the
possibilities that come from how these technologies already are or could be
applied. This shift in focus is also argued by Bell and Dourish with regard to
ubiquitous computing (2007).

The failure of increased understanding through increased detail can also
be seen in a critique by Williams with regard to the notational system in
Birdwhistell’s Kinesics. Williams takes Birdwhistell’s description of hitch-
hiking to task:
When we are told by Birdwhistell that a ‘macro-kinesic’ explanation of
this state of affairs is something like this: ‘two members of the species
homo sapiens, standing with an intra-femoral index of approximately
45 degrees, right humeral appendages raised to an 80 degree angle
to their torsos, in an antero-posterior sweep, using a double pivot at
the scapular clavicularjoint, accomplish a communicative signal’ we
are justified in saying ‘no. That is not what we see. We see persons
thumbing a ride” (2004: 184).

Consequently, in order to address the meaning of an interaction where the
body is concerned, precision in detail and categorisation may well diffuse
meaning-making rather than aid it. This is similar to when we magnify a

map to increasing degrees and may lose track of structures and relations that
could be governing dimensions. When we are looking at movement, temporal
qualities are problematic to represent through language (Sheets-Johnstone
1999a). It is also a challenge to represent temporal qualities through visual
abstractions. Sklar argues that notation of movement has a lack of focus on
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movement dynamics and calls for ‘qualities of vitality’ in action descriptions
(2008: 103).

The discussions above informed my choice to focus on the ways in

which we move to be able to position movement as expression as part

of communication in digital interaction. In this sense I address the
visually available dynamics of movement as a resource. This approach sits
between dance notation software such as Labanwriter (http://dance.osu.
edu/labanwriter) and MovEngine (http://www.movement-notation.org/
VisualizingArchives/) on the one hand and on the other hand, there are
projects placing individual approaches in specific movement repertoires
such as in Transmedia Knowledge Base’s work with the choreographer Rui
Horta (http://tkb.fcsh.unl.pt/) and the Motionbank project’s work with the
choreographers William Forsythe, Deborah Hay, Bebe Miller, Thomas Hauert,
Jonathan Burrows and Matteo Fargion (http://motionbank.org/).

In this section, I have argued that meaning in movement is not a given nor
set. Meaning through movement is something we continually create, perform
and regulate socially and visually. I have further argued that by attending

to movement dynamics or the vitality with which we move, designers may
address a wider scope of meaning-making through movement as well as by
challenging the normative notion of bodies in interactions.
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2.5 A SEMIOSIS OF MOVEMENT DATA FOR DESIGN

Motivated by the richness and complexity in human-human interaction,

I now turn to human-computer interaction in the sense of focusing on the
moving body as a resource for the design of digital interaction. In this section,
I briefly outline the steps whereby movement is materialised in interaction
design with attention to what each step addresses in a materialisation of
movement for design.

These provide framings for discussing choices in which movement qualities
or modes are selected or mapped, and this is a motivated choice which
physiology and technology can only partly inform.

The complex and nuanced meaning-making in human-human interaction
described in the previous section provides resources for how we may
design interactive systems that draw upon, facilitate and create movement-
based communication. In order to make a case for creative potential in a
material approach to movement and movement data, I position each act
in the semiosis of movement data as a meaning-making activity. These are
abstraction, presentation and perception, as described below.

The process of abstraction as a resource

Access to a variety of spaces and places

Today, we have increasingly easy access to increasingly sophisticated sensors,
from the Kinect to high-definition miniature sports cameras such as GoPro.
These allow for marker-less registration and capture. This means that they

are less intrusive in that they do not require markers to be placed prior to
capture. Thereby they can give insights into how people move in a variety of
ways, in various spaces and places. The availability of digital media also leads
to numerous choices regarding how technology is set up and applied in that
there is more choice and availability today than only a decade ago. Adaptable
and portable hardware allows for new spaces to be drawn upon in a variety of
ways. Designers can also increasingly determine what the technology captures
and also as I argue, engage with finding materialisations of movement
themselves.

Levin points out that depth cameras have been around for a while before

the Kinect; however, ‘when they become cheap and distributed throughout
the culture then suddenly people have a new way of expressing themselves’
(2012: online). In this sense, there is potential in exploring the variety of ways
in which we can now capture movement as well as the variety of places and
thereby the variation in movement.
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Access to a variety of digital contexts

Designers today have access to unprecedented computational speed and
thereby increased capacities for mapping and processing. Designers can

also switch between various capturing modes in the variety of technologies
available. In this sense, designers may compare one set of data to another, of
the same event or the same movements. In other words, there is the potential
to change the context and comparison of movement data in ways that were
not previously accessible in near ‘live’ conditions.

The ability to change both the location and the computational frame within

which the data is collected gives designers the ability to swap between models

of movement. They can choose what is recorded and how. However,
the danger of trying to codify, generalize, and formally model the
aesthetic experience for technology design is that it may miss precisely
the phenomenon that was originally of interest. In abstracting from
specific embodied contexts, many of the ineffable aspects of the
aesthetic experience - those escaping formal articulation — may be
either overlooked or designed away (Boehner et al. 2008: 3)

It is important to note that with new technology we do not only gain a

new way of capturing what is out there, we also gain a new way of moving,
following my previous argument that we move in relational ways i.e. No&'s
enactive perception (2004, 2012). When we are ‘captured’ or sensed in a new
way, we also alter our actions accordingly. Coyne refers to this as tuning: the
ways in which we create our own spaces through digital media, as in digital
devices and the infrastructures that support them (2010). If designers want to
leverage the way people tune or adjust to technology and to being ‘seer, it is
essential that designers understand the potential of such movement.

The presentation of abstraction as a resource (from data to scripts)
Computational power gives live-ness

Computational power in handling movement data today, the collecting,
storing and again calling upon of movement data to be visualised, enables
little latency or near ‘live’ conditions. This gives designers a different creative
approach to working with movement data, in that they are able to materialise
the abstracted data in real time. This informs new ways of working. Materially,
this matters, first because designers can compare the data to actual movement
and second because it brings the designer closer to the source of the
movement data.
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Code is handmade

Due to the complexity and commercialisation of software, it is easy to forget

that code is handmade, as in, made by people, by hand (see Figure 3.2g):
We're beginning to think that an individual can have no voice in this. I
think it is essential for artists to have a seat at the table in determining
the future trajectories of technologies. (Levin 2012: online)

The focus on the handmade also draws attention towards the choices made

by the person shaping the lines of code and how we may address issues of
motivation, such as the optimisation of a script over the ease of use of the final
software. The notion of handmade also points to the choices that are made

at this level of materialisation of data. Like all design materials, software is
shaped and informed by both process and outcome; thus, the writing of code
is a creative, decisive act whereby data may be presented.

Code as open source

One way to open up the practice of writing code is through collaboration

and communication. This we can see in the open source community, where
code is increasingly shared and made available through programmes such

as Processing, openFrameworks, Puredata, vvvv and others. However, open
source resources are still made; they are ‘a specific communicative artifice like
any other’ (Galloway 2011c: 383) and as such require a critical approach to
how they are applied in a design process.

The perception of abstraction as a resource

Data presented through scripts

As previously discussed, raw data, the numbers stored on a hard drive, are
beyond our senses, and we cannot work directly with the resulting 1s and 0s
that refer to full-body movement. Thus, to be able to ‘see’ and make sense of
the data, we run scripts that call upon the data and present it. These scripts are
rarely studied, despite being available as lines of code (Wardrip-Fruin 2009).

The numbers relating to how we move must be first stored computationally
and subsequently identified and presented in such a way that movement is
represented. How the data is presented is not a given, as A. Galloway argues
that data has no necessary form (2011a) and in this sense it means that
there are choices and motivations behind the various ways in which data is
presented, in that technology alone can not determine how data presented.
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Movement represented

In discussing the animation of visuals of body movement, Kaiser critiques
animation in that ‘lost in such special effects is not only the subtlety of
movement but also the crucial identification and alignment of viewer

and dancer’ (2003: 86). Hayles further points to how we as a society have
dissociated information from the body (1999). In this sense, we can see a
need for ‘alignment’ of the data visualisations to our perception as central in
order to tap into the sophistication with which we perceive movement. This is
further explored in the cognitive scientists Cross and Ticini’s work on dancers
viewing their own movement sequences (2012).They compare perceptions of
dancers’ own performed movement sequences to those of others, to explore
our cognitive ability to appreciate movement. Closer to design, Mentis and
Johansson also suggest that ‘seeing movement qualities can be very different
depending on experience and background of a viewer’ (2013: 3382).

Noland proposed that we can challenge the linguistic model conventionally
used to explain corporeal signs by ‘attending to the somatic, experiential,
aesthetic, cultural, and contextual dimensions of gesturing’ (Noland 2010: xv).
Following the discussion above, from a communications perspective, I argue
that our conventions of corporeal signs in design today can be challenged by
enabling a visual reading of movement data and extending our conceptual
understanding of movement in design. In this way, by extending how we
make sense of movement, in part by focusing on the dynamics with which
we communicate, we may begin to attend to the somatic, experiential,
aesthetic, cultural and contextual dimensions in designing movement-based
digital interactions.
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METHODS FOR MATERIALISING MOVEMENT
FOR DESIGN AND A SUMMARY OF ARTICLES

In this chapter, I discuss the research methods for my enquiries and the
design techniques for the practice as part of the research. The methods
include textual analysis, system network analysis, concept generation and
design investigations. The design techniques involved analysing designs,
sketching and modelling, adapting and altering technology and creating by
way of coding, collecting, moving and making. These have been described
below in a discussion on the design process and collaboration. The research
set-up was a dialogical process of concept-building from theory coupled
with concept-building from practice. Both my research and design
methods are contextualised with debates on research in new media, human
computer interaction and performance studies. I also briefly reflect on

an evaluation of progress through seminars, arts labs and design and
development-based workshops.
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3.1 POSITIONING RESEARCH METHODS

In this section, I discuss the implication of a focus on the material for my
choice of methods. As the previous chapter has shown, designers may shape
body movement by designing information systems and may thereby alter the
dynamics of how a human-computer relation may play out. The aim of my
research was to inform design processes about movement and movement
data. The motivation was to enable designers to identify, understand and be
able to draw upon the unique mix of corporeal and computational properties
of movement data as well as the capacities of action and expression that
reside in this material. In order to explore the nature of a material, designers
need to be able to familiarise themselves with it, just as we understand

more traditional materials such as plastic or clay by twisting, stretching and
moulding them. By finding ways to move from one material appearance

to an alternative material appearance, designers can become familiar with

a material’s potential for design and are able to understand its particular
possibilities as well as limits.

Movement data is rarely considered in this manner. It is usually described in
terms of technology, such as when it is studied for computational prediction
and identification of objects (e.g. Dodge et al. 2009). The evaluation of such
research is related to the suggested mathematical models’ ability to identify
and predict movement with less focus given to how these mathematical
models may be applied or, more importantly, for interaction design, altered.

In order to inform how designers can work with movement data and, by
extension, movement itself, it is essential for designers to be able to twist,
stretch and mould the ways in which movement data is made material. This
first required an account of how movement data can be created (e.g. the
potential for communication that appear visually in full-body movement).
Second, it led to an exploration of the processes and procedures that turn
movement data into a material (e.g. the potential in the scripts that draws
upon movement data and again presents the data). This was a matter of
exploring how to move from one computational representation to another, in
order to be able to twist, stretch and mould the data as a design material.

For interaction design research, it is particularly important to include
computational processes in order to build knowledge informed by interaction
design practice. Wardrip-Fruin argues that authors and artists need to know
the causal and instrumental computational processes that express meaning
and that these may not be available to an observer or audience in the form of
finished designs (2009). Sundstrom and colleagues also found that ‘in HCI
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and interactive systems design the properties of a technology are often glossed
over’ (2011: 1).

In the field of interaction design, it is essential that designers understand the
material properties of how digital media come to expression, as well as how
the moving body communicates, as I argued in the previous chapter. My focus
on informing interaction design practice then requires a critical approach to
the computational processes that make digital media function. Klemmer and
colleagues make a case for considering all constitutive elements in interaction
design and that,
for a combination of virtual representations and physical artifacts to
be successful and truly go beyond what each individual medium can
offer, we need a thorough understanding what each can offer to us first
(2006: 147).

Each medium or material, however, needs to be understood in light of
practice. In part, this is because movement data only exists (for us) as it is
continuously made material, materialised by way of another material such as
on a screen in number tables, visuals or charts and partly because movement
is influenced, shaped and understood in context, that is, in relation to
technology. Both these aspects then ask for the processes of practice—the
making and materialising—to be considered as part of an analysis or study of
movement and movement data as a material. Movement data then depends
on a materialisation process for us to study what may be particular to it. Also,
an understanding of the materialisation processes is necessary for designers to
understand how to design with movement and movement data.

These processes are often overlooked as Ingold has pointed out in studies
on material culture. He critiqued anthropologists for their focus on made
artefacts and a lack of material considerations: ‘Not for the most part being
makers themselves, they have a blind spot when it comes to materials, their
properties, and what it feels like to work with themy’ (Ingold 2011: 3). Bunn,
an artist-anthropologist, further writes,
this ignores the action of making, which is a working with rather than
a doing to. It has often led to the assumption that the worker has a
blueprint of what he or she is making in mind, and simply executes
this (2011: 21 original italics).

I mention these considerations and critiques as they are relevant to my choice

of methods as well as the outcomes. Considering the nature of making in my
study of materials gives my project a propositional perspective as the designs
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