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1

Introduction

1.1 Overview and Contributions
If you could command your shirt, sweater, or jacket to change its colour, pattern, or show moving
shapes and videos, what might that be like? Let’s ignore how the garment does this, and focus on
what it might feel like in daily life. Where would you wear it? What would you display on it? How
would it make you feel? Do you even want this? Is this all a little ridiculous?
While today it might seem new and surprising to see garments integrating technology to display moving images, detect air pollution, charge your phone, or display a Twitter feed1, these
kinds of smart garments and wearable technologies have been capturing the imagination for
more than a century (Ryan, 2014; e.g. Watts, 1939). In the 1860s, for example, watchmaker
Gustave Trouvé designed several electronic, animated brooches and hairpins, and in 1911 a
patent was filed for an “Illuminated Vest or Coat Button” with lights “controlled by a concealed
button... and powered by a battery in an interior pocket” (Ryan, 2014). While smart garments
and wearable electronics have not become commonplace in our wardrobes, designers and researchers continue to explore what the pairing of technology and fashion might offer.
Excitement for this kind of clothing, most widely referred to as “wearables” or “wearable technology”, largely comes from the “superhuman” abilities that smart, responsive fashion items
might bring us in daily life. Wearing technology could be a way to enhance our senses and
personal expression, to interact with our digital devices in more intuitive, sensual ways beyond
screens and keyboards. But as technological developments have been growing exponentially in
this area, largely due to research for medical and military application, so too has the complexity of reaching these goals. There are major manufacturing challenges that make it difficult for
smart garments to transition to consumer products, as well as socio-cultural complexities that
need to be considered before integrating technology into mainstream fashion items (Berglin,
2013; L. Dunne, 2010; L. E. Dunne et al., 2014; Ryan, 2014). Indeed, wearing technology has
the potential to bring digital experiences to new levels of intimate, material and social relations
with our bodies, which calls for more critical investigations into what it actually means to wear
technology on our bodies in daily life.
1
For example, Diffus Design’s Climate Dress (2009), CuteCircuit’s Twitter Dress (2012), and Pauline van Dongen’s Solar Windbreaker (2016)
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In this dissertation, I will examine a particular kind of wearable technology, that of dynamic, colour- and pattern-changing textiles meant for garments. Referred to in this research as
dynamic fabric, over the past twenty years we have seen LEDS, electroluminescence, thermochromic inks, e-ink, and other special materials dynamically animate and change the appearance of a garment’s surface. Dynamic fabric is a particularly interesting technology to examine
in wearables discourse because it has the potential to transpose the abilities of a computer
screen to the clothing we wear. Immediately this sounds both exciting and also disruptive for
fashion, and invites a practical examination of why we might or might not want this, but also
the opportunity to openly explore the possibilities it presents.
To date, we have seen designers and researchers describe dynamic fabric as offering new
kinds of expressive possibilities for its wearers (e.g. Berzowska, 2005a; Devendorf et al.,
2016; Kao et al., 2016; Philips Design, 2006; Stylios & Yang, 2013b; Toussaint, 2018), allowing them to stand out with vibrant, animated patterns, “match” the style of their environment (e.g. Genç et al., 2018; Jin et al., 2019; Wang et al., 2016), or even to become invisible
by blending with the background (e.g. Inami et al., 2003). Dynamic fabrics could potentially
merge social interactions performed through garments with social-media interactions (Devendorf et al., 2016; Loschek, 2009), creating hybrid physical and virtual forms of sociality
(Berzowska, 2005a, 2005b; Devendorf et al., 2016; Loschek, 2009). While dynamic fabric
continues to be a richly explored area, what has not been examined is how these use-scenarios might play out on a moment-to-moment basis in the context of daily life. In what context
might we want to change the surface patterns of our clothing? In what context might we
want to become invisible, or relate our clothing to online experiences? Moreover, how might
designing with a textile that has the abilities of a computer screen affect a fashion designer’s
approach to designing garments?
As highlighted by Lucy Dunne (2010), who has done significant examinations into wearable
technologies and their viability as mainstream products, “The garment is a pervasive, established
entity, ...a socially defined concept with its own boundaries and terms of use” (p.45). Examining
dynamic fabric then, as part of a garment with social meaning, requires research inquiries that
move beyond both conjectures about their use and the technical developments required to build
them. Increasingly in wearables discourse and practise, we must find ways to consider how the
social functions of technology converge with the social functions of dress, as urgently called for
by several designers and researchers in wearables and smart-textiles discourse (e.g. Berglin, 2013;
Buechley et al., 2008; Devendorf et al., 2016; L. E. Dunne et al., 2014; Toussaint, 2018).
Towards this, this dissertation will attempt to ground an understanding of dynamic fabric in
empirical, autoethnographic investigations, looking at what it is like to wear dynamic fabric in
everyday life, and what it is like for a fashion designer to design with it. What happens when it
is worn? How is dynamic fabric different from “non-dynamic” fabrics? In order to move past
presumptions about what it could be like, the research activities described in this dissertation
focus on what it was like for me, using myself as a research tool; examining my own experiences of dynamic fabric over a long period of time in order to intimately understand it as (1)
a garment in my wardrobe, and (2) as a fabric I adopt into my fashion design practise. By providing these two lenses, the research aims to shift preoccupations of dynamic, colour-changing
fabrics away from far-reaching, futuristic ideas about their use or the embedded technologies
that enable them, towards a larger system of practical and emotional concerns for a wearer and
designer. Furthermore, it shifts the focus away from technical developments, towards designerly ways of engaging digital materials as fashion materials, which would otherwise remain
unarticulated in a tacit design process.
12

The contributions of this dissertation are twofold. First, it offers theoretical contributions to
the literature on dynamic fabric for HCI-based wearables discourse, expanding understandings of it beyond current mental models. These theoretical contributions take the form of progressively refined propositions of dynamic fabric reflecting my own changed understanding of
it over three years. To summarise, dynamic fabric is first understood as (1) a colour-changing
textile embedded with electronics at the beginning of this research. Next, after reflective analysis on two case studies it is seen as (2) a social-technical system interacting with digital media,
and later as (3) a temporary material state that blends physical textiles with digital phenomena.
These three ways of understanding the dynamic fabric demonstrate a major shift in the conceptualisation of dynamic fabric in this research from beginning to end, and have implications
in the way it is designed for and the way wearables discourse interpret the notion of wearability.
Second, this dissertation makes a methodological contribution to design-oriented HCI. It describes and demonstrates how a future-based version of dynamic fabric was examined in the
present through a combination of research through design (RtD), autobiographical design,
and strategies from material speculation. It brings new perspectives to material speculation
by proposing a speculative artefact can become a matter of process, and that autobiographical
design can play a more explicit role. This approach is demonstrated through two case studies
and can be employed and modified by other HCI researchers also exploring new and emerging
technologies, in their own practise.

1.2 Personal Background and Motivations of this dissertation
I have not followed a traditional route to this doctoral research. Although it has been conducted
mainly in a Human–Computer Interaction (HCI) research discourse, I come from disciplines
outside of HCI, with different concerns, values and techniques. I was first trained, and practiced,
as a new media artist and curator, where I gained an interest in wearable technology. My interest
in wearables became more commercial and less artistic as I gained skills in clothing design and
pattern making, allowing me to integrate electronics into clothing for companies seeking this
skill. I established myself as a wearables designer for several years prior to this research, and built
a small fashion brand. This dissertation presents a research inquiry whose contributions to wearables discourse in HCI come directly from these spaces outside of HCI, and so I find it important
to communicate how these experiences have shaped my approach towards this inquiry.
1.2.1 New media art, and changing perspectives on technology
In the early 2000s I studied new media art at Ryerson University in Toronto. I expected to gain
practical skills here in the form of 3D animation, graphic and web design, which I did, but
more importantly the education allowed me to view technology through the lens of personal
expression and cultural experience rather than as benign tools. I wanted to deepen this understanding and began integrating myself into the Toronto media art scene.
Shortly after graduating I began curating new media artworks. One of the pieces I curated was
an artwork by Ryan Pierce. It was a rectangle-shaped metal frame about 1x2 metres and low to
the ground, with a tiny projector mounted on it. The projector slowly moved along the frame
and revealed segments of a patch of grass on the floor as it moved. This piece held so many
questions around mixed-reality and telepresence at the time, but the most interesting question
to me was Why did the artist choose to teleport such an ordinary thing as a patch of grass? I
didn’t know how to answer this, but I remember staring at the work for a long time, thinking.
There was no grass smell, no depth, no way to touch the grass or search for hidden insects.
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Still, the projector and grass seemed to create something different—a third experience that
held a tension for me. I wanted to both reject the grass as “fake”, but also jump up in excitement
at having that patch of living grass appear on the gallery floor.
I continue to have this feeling of attraction and rejection towards technology-based artworks and
other kinds of new digital experiences and products. My new media art background has kept
me fascinated and curious with what the digital can offer, but with a high degree of skepticism.
1.2.2 Becoming a wearables practitioner
I was introduced to Joanna Berzowska’s work in 2006 through my work as curatorial assistant
at the Textile Museum of Canada. Berzowska had created an interactive Web piece that depicted her wearing a colour-changing dress, in the future, as part of the museum’s Digital Threads
project. Upon closer inspection of her work at XSLabs, I fell in love with this new (to me)
concept of “electronics and textiles” and the kind of approach that she was taking with it. I was
attracted to the hands-on and craft-like nature of the work, and thought of it as a way to work
with computers in more body-oriented ways. This appealed to me immensely because, at the
time, most of my work involved sitting at a computer typing or fiddling with websites, which I
was beginning to strongly dislike.
From 2007 onward, I began building a practise designing and making garments with integrated electronics. This started at a small-scale, teaching wearables workshops that used conductive thread and Lilypad Arduinos, and I eventually decided to study clothing design in a
serious way. For two years I studied Fashion Techniques and Design at George Brown College
in Toronto, explicitly learning industry-oriented, mass-manufacturing techniques for making
clothing so that I could apply them to wearables or smart-garment products. Alongside my
studies I was hired to make prototypes of heart-monitoring vests for a medical start-up company, Ocorant Inc. This allowed me to truly develop my craft of making clothing with integrated
electronics, and I learned on the job how to consider the ways that wearers would interact with
them from social and usability perspectives.
From here, I worked on a variety of other research-based, artistic, and commercial projects in
wearables including another stint with Joanna Berzowska in Montréal at XSLabs integrating
colour-changing photonic fibres into a dress for the Karma Chameleon project; integrating a
set of paired wireless communication devices into necklaces at the Social Body Lab for Kate

Figure 1.1. 2014. Wearables concept designed
for Spaceport Sweden. Pictured here is a padded, neoprene electronics encasement worn
on top of the space travel suit (e.g. for wearing
a camera, heart monitor, etc.). Encasements
meant for anywhere on the body, personalized
to each traveler, and removable for tasks that
prohibited electronics for safety reasons. Photo credit: Henrik Bengtsson, Model: Renata
Chlumska
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Hartman’s Nudgeables project; and teaching participants at the ZERO1 festival in San Jose
how to retrofit their hoodies with LEDs and Lilypad Arduinos to play an immersive game of
Zombie Tag. In 2010 I moved to Gothenburg, Sweden and connected with Smart Textiles at
the Swedish School of Textiles, an incubator for businesses developing smart and functional
fabrics. Here I worked freelance as a designer for start-up companies requiring my niche skills,
for example, integrating special materials into X-ray protective wear for 10MD (10 Medical
Design), and developing prototypical garments and accessories for a commercial space travel
company, Spaceport Sweden (Figure 1.1).
1.2.3 Designing with light, for everyday fashion
My graduating project from George Brown College was a jacket with integrated LEDs for cycling at night. One day, the pictures that I had posted on the internet of this jacket took off quite
unexpectedly, and I began receiving numerous requests for this jacket. Several prominent websites and magazines promoting “eco-friendly” lifestyles asked me when and where they could
point their readers to buy one. Inspired by this response, shortly after moving to Gothenburg
I started Vega Wearable Light, a small fashion brand alongside my other design work, where I
could further commercialise and develop this concept. The goal of the brand was to provide
stylish, light-up outerwear for urban cyclists (Figure 1.2). At the time, it was a fairly novel
concept, and explicitly in opposition to the predominant sports-oriented light-up products on
the market in 2010.
For this dissertation it is important to mention this last point about the sports-oriented wearables products, as it represents the beginning of my journey in trying to understand how “technology” could be seen and worked with in an everyday “fashion” sense. What I mean by that
is, because light, illumination, is not something commonly worn in contemporary Western
dress, how could I make sense of it for a commercial fashion brand that specialises in it? Wear-

Figure 1.2. 2014. Rainbow
Light coat designed for Vega
Wearable Light. Exterior of
coat is 100% wool. Twenty-four LEDs illuminate up
and down the front of the coat
beneath a sheer layer of fabric
in blue, green, white and red.
Photo credit: Henrik Bengtsson, Model: Jenny Andersson
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ing light for visibility at night makes practical sense for runners and cyclists, but how could I
influence people to also see the light as something that can be integrated in “stylish” ways for
daily life? Or, to wear the light in personally expressive ways, unrelated to sports contexts?
Despite the hype that I received for Vega, the coats proved more difficult to sell than the media
reactions had led me to believe.
Looking closer, I saw that at the time, light in clothing for commercial purposes was not only
being used for visibility for runners, but also for workwear where high-visibility was important, for entertainment contexts (such as musical performances and science fiction films), and
occasionally for fashion shows where it was meant to be inspirational or brand-building, but
not to translate directly to everyday streetwear. These observations motivated me to try and
unpick what design principles could allow light to enter everyday fashion as an acceptable
“material” in a person’s wardrobe.
To further complicate this, I intuitively understood that when it came to personal fashion (or
what people choose to wear in daily life) choices are largely based on broader, culturally connotative meanings for different colours, patterns, silhouettes and materials that they might or
might not personally identify with. And at this time, I found that explicit integrations of “technology” in clothing, especially light, had strong cultural, aesthetic connotations with science
fiction and “the future”. It was my belief that the futuristic aesthetics of integrated electronics
led people to perceive them as costumes and novelties, making it difficult to position them as
everyday fashion items.
So with Vega I engaged several design strategies to help counteract these perceived challenges
so that I could reach the customer I was designing for. This target customer was a woman
similar to myself, at the time: in her thirties, bicycling daily, who appreciated practical functionalities added to her coats, but not sports or athletic aesthetics. So I designed them to be
recognised as “stylish” coats first before the lights were noticed. This meant basing the designs
on silhouettes and materials that were already being worn on the streets in Gothenburg, and
in fashion magazines and on runways—what could be understood as following contemporary
fashion trends, and particularly those that held “classic” or “timeless” qualities for outerwear in
Western dress. Part of this meant choosing materials traditionally associated with high-quality
outerwear designs, like wool, linen or traditional cotton canvas materials that are waterproof.
At the time I called this giving the coats “off-value”, meaning they still had value as coats even
when the lights were off. Further to this, I tried to integrate the lights in a seamless manner
so that they were invisible when not in use, and also diffusing the light when it was on, to
soften the brightness. The switches were mostly hidden at seams in the front of the chest and
back, and sometimes on the arms. What I hoped to achieve was a sort of naturalisation of the
lights—an acceptance of the unfamiliar “new” material (light) by pairing it with familiar “old”
materials (wool, linen, etc.), and paying particular attention not to have the lights overshadow
the “stylish” design of the coats. I hoped this would counteract the performative, costume-like
perceptions of the lights, or even the “gimmickness” that can often be associated with new
technologies (see more on this in Chapter 5).
Another strategy I engaged in was wearing the coats myself every day. I was able to progressively refine the designs based on how they fit practically and socially into my own life. For
example, I was able to experiment with the placement of the light switches and calibrate the
brightness of the LEDs for visibility in the context of use. I could challenge, through my experiences, the popularly held belief that smart garments needed to be washable when it was never
16

required for me to do more than spot-clean a coat; and challenge the belief that it was difficult
to mass manufacture technology-integrated garments when I had uncovered a system to do so.
More importantly, I began to understand the emotional experience of wearing them—navigating my embarrassment when the lights went on in a restaurant accidentally or the pride I felt
when other cyclists asked me where I had bought the coat. I also learned how to style the coats
and lights, getting a feel for how they fit or did not fit with the rest of my wardrobe in different
contexts. For a short period I also worked with a stylist who wore one of the coats in order to
promote them. She described turning on the lights while waiting in an airport and how much
attention she got from people because of it. One person thought she was a celebrity. This anecdote stuck with me because it confirmed my suspicion that the lights, despite my aims and
efforts, were still mostly being perceived as a novelty or costume-like piece of clothing.
In 2014 I pivoted strategies with a new product. In collaboration with Kate Hartman and her
team at the Social Body Lab and my team in Gothenburg, we conducted a Kickstarter cam-

Figure 1.3. Vega Edge
clip-on light in a black
leather encasement. Three
blue LEDs shine through
a sheer reflective piece of
material. Light patterns
could be modified by
customers. Photo credit:
James Kachan

Figure 1.4. Wearers of
the Vega Edge. It was
important to depict how
the Edge could look in the
daytime when the lights
were off as a discreet
part of your outfit. Photo
credit: James Kachan
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paign for a clip-on light called the Vega Edge (Figure 1.3). This was an accessory you could
wear on top of your garments. The lights were housed in a pocket made of leather, with reflective materials and magnets—all fairly ordinary, everyday materials to help counteract the
“gadgetness” of the electronics. Wearers could attach it to their coat, sweater, T-shirt or bag
(Figure 1.4). This tiny step of moving the light out of its integration into a garment and into
an accessory helped lower the price point and also made wearing the light more adaptable to
different outfits and social contexts. They became easier to sell.
But despite this, I stopped pursuing Vega shortly afterward. The struggles outweighed the progress, and I grew disillusioned with the industry of wearables. At wearables industry events I felt
out of place because I cared about fashion-related design issues like style and outfit choices, and
not technological innovation. At fashion events, the lights were seen as too gimmicky for anyone
to pay much attention to. I existed at an intersection that did not quite make sense for anyone
commercially, and I had reached my limit in terms of resources, energy and enthusiasm.
Overall, the challenges that I encountered through Vega and my other design work led me to question several things about integrating electronics into clothing for fashion purposes. I concluded
that light, and other electronic or computational enhancements for clothing, would not become
normalised as mainstream fashion materials anytime soon. I’m not sure that this is what I wanted or
was trying to achieve with Vega per se, but certainly I knew it was time to stop struggling with this.
And so I came to this doctoral research with some questions: how might technological materials
worn on the body become “naturalised” as fashion materials, or what might be required for them
to be seen as such? More deeply, how could technology become more “knowable” as an everyday
fashion material? How could it become meaningful to us personally? What is required for it be
accepted alongside “traditional” fashion materials we cherish, like wool and cotton?
These thoughts and experiences began my transition from a commercial wearables design
practice towards the practise-led, academic research presented in this dissertation. In this
work, I have been released from the customer-driven, financial pressures attached to working
in industry, and have had the freedom to explore the concept of wearing technology in my
own way. This approach reflects my love for new media art and the critical lens this gave me
with regards to our relationship with digital technologies, and my interest and concern for
working with digital technologies as expressive fashion materials, rather than for functional
purposes. Furthermore, I have been keenly motivated to interrogate a wearable technology
through wearing it in everyday life as an explicit design strategy, and as a continuation of my
exploration of dynamic garments through Vega.

1.3 Problem and Research Questions
1.3.1 Main research question
In general, the contributions to the area of dynamic fabric coming from wearables and
smart-textiles discourse in HCI, aimed at fashion applications, have been predominantly focused on technological developments and prototypical exemplars of its abilities. While these
contributions have been valuable for enabling the area to grow, several researchers have called
for complementary examinations that explore the convergence of the social functions of technology with the social functions of dress (Buechley et al., 2008; Devendorf et al., 2016; L. E.
Dunne et al., 2014; Toussaint, 2018). More broadly, there have been calls to approach wearables
and smart textiles from perspectives that veer away from typical technology-centric values,
such as solving problems and making tasks easier (Buechley et al., 2008), or developing them
18

simply ”because we can”(L. Dunne, 2010, p. 43). This doctoral research, therefore, explores a
wearable technology—dynamic fabric—from a fashion perspective. Or, it aims to understand
it as material that can be personally expressive for its wearer. It does this by offering intimate,
long-term, autoethnographic accounts of dynamic fabric, experienced as both a fabric worn in
my personal life and as a material that I designed with in a fashion-design context. These perspectives were documented and thematically analysed through two case studies, Greenscreen
Dress and Phem and engage overlapping perspectives on dynamic fabric from my viewpoint as
a wearer and as a design practitioner.
While these case studies provide experiential understandings of dynamic fabrics that designers can draw from, the research begins with the assumption that future dynamic fabrics
will take the form of a textile-like material, embedded with electronics. This assumption was
deduced from the technical developments and prototypical examples known at the beginning of this research in late 2015, most of which are described in Chapter 2. The output of
the two case studies, however, reveals aspects of the dynamic fabric that no longer fit with
this technical description. Over time, experiences relating to its social ecology and the digital
phenomena surrounding it began to dominate my understanding of what dynamic fabric is,
making technical distinctions such as “embedded with electronics” less relevant. Therefore,
the overarching research question of this dissertation is a meta-analysis of my original findings from the two case studies. The research therefore begins with asking What is it like to
wear dynamic fabric? but transitions to the overarching question of the dissertation of What
is dynamic fabric?
1.3.2 Sub-questions
As this overarching question took several years to arrive at, and requires more context to understand, I will outline the sub-questions leading up to this main question starting with Chapters 4 and ending with Chapter 9.
The research begins with the aim of investigating socio-cultural understandings of dynamic
fabric, as related to personal fashion, through the activity of wearing it in the Greenscreen
Dress study, and thus Chapter 4 and 5 ask, respectively:
What is it like to wear dynamic fabric?
How does my experience of wearing dynamic fabric compare to descriptions of it
in previous literature or design examples?
Having gained an understanding of dynamic fabric through wearing it, in Chapter 6 and 7 the
research next seeks to understand it from the perspective of fashion design in the Phem study,
asking, respectively:
How can dynamic fabric be worked with and understood from a fashion perspective?
In what ways can dynamic fabric be understood as a material to design with?
Finally, having gained a deeper and changed understanding of dynamic fabric through the
combined experiences of the two case studies, Greenscreen Dress and Phem, in Chapter 8 I
aim to communicate this changed understanding by asking:
How can I now articulate my experiences of dynamic fabric in a coherent way?
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Chapter 8 also explicitly answers the overall question of What is dynamic fabric? which is addressed further in Chapter 9 as part of the final discussion.

1.4 Audience and Scope of Research
This research speaks primarily to design researchers and design practitioners in HCI, specifically wearables, and secondly to researchers and practitioners in smart textiles, textile design
and fashion design. Below I will briefly discuss contributions for each area, and also related
topics where this research does not intend to contribute knowledge.
1.4.1 Primary audience
Wearables
This research will be of interest to wearables design practitioners and the design-oriented HCI
community working with wearables, wearable computing or “wearable technology”. The expanded view on dynamic fabric has the potential to open up a relevant and timely discussion in
wearables discourse about the parameters for what may or may not be considered “wearable”
for technology. It has the potential to inspire new design directions, and also “release” designers who feel held back by technological constraints of presently known dynamic fabrics.
Human-computer Interaction (HCI)
For the design-oriented HCI community at large, the overall methodological approach
described in this dissertation will be of most interest – the mixing of RtD, autobiographical design and strategies from speculative design and material speculation – that can be transferred
to other research contexts outside of wearables.
1.4.2 Secondary audience
Textile Design, Smart Textiles and E-textiles
Dynamic fabric is at the centre of this research inquiry, but textile design is not the context
of this work. Discussions of textiles in this work relate to the context of the designer–material
relationship, where textiles are transformed into garments for fashion.
In this research, I have physically embellished textiles, laser-cut textiles and digitally-printed
on textiles with specific design explorations in mind—but have not executed this with the same
craftsmanship or knowledge of a textile designer. This dissertation at its core is a meditation on
my relationship with dynamic fabric as a material to design as a fashion designer.
Nonetheless, several of the references of dynamic fabric in this dissertation come from
smart-textiles discourse. Quite explicitly, the dynamic, colour-changing textiles that inspired
me to investigate it have been developed in smart-textiles, e-textiles, or “electronics and textiles” contexts, and wearables often include these as sub-categories within the field. This research does not make technical contributions to the field of smart textiles in any deliberate
manner, but it contains insights about its potential use that could be beneficial to textile practitioners working with smart materials, electronics or other computational things.
Fashion design
One of the underpinning beliefs behind this research is that fashion designers can work with
any material—be it a textile, a plastic tarp, glass, or a digital technology. Fashion design processes function to naturally bring out a new material’s expressive qualities or reinvent the expressiveness of “old” materials, and it is exactly this process I hoped would reveal something
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new about dynamic fabric for an HCI-based wearables audience. Therefore, this dissertation
does not make contributions to fashion design. Instead, it uses a fashion lens to navigate the
inquiry into dynamic fabric for wearables discourse.
Still, parts of this research are relevant and could be of interest to fashion designers. For those
mixing digital experiences with their practise, the discussion about fashion designers newly or
experimentally adopting digital tools might help articulate some of the challenges that could be
encountered (see Chapter 7). Furthermore, Chapter 4, 6 and 7 function to articulate a fashion
design perspective to the HCI wearables community, which could be useful for fashion practitioners entering this space.
I would also like to clarify here that although I separate the terms fashion and technology quite
often in this dissertation in different ways, it is not my intention to suggest fashion designers
are without understandings of “technology”, or that they are divorced from working with digital technologies in their practise. Indeed, digital technologies in the form of CAD tools, digital
fabrication tools, and online platforms are increasingly important for fashion-design practitioners. Moreover, fashion design as a discipline has a rich history intertwined with and moved
forward by technological innovations (for example, see the books by De Monchaux, 2011;
Kinley, 2017). The distinction I intend to make between the two refers mainly to the dominant
approach of “fashion” to value cultural meaning and personal expressiveness over most other
concerns, and that I think wearables could benefit from more of this approach.
1.4.3 What this research does not intend to do
This research is grounded in the empirical, autoethnographic and autobiographical examinations of working with dynamic fabric. How I worked with the dynamic fabric was not fed by
any particular theoretical or philosophical concept. Instead, I let an RtD process guide me to
the topics that helped frame what it was like to wear and work with dynamic fabric from the
perspective of a fashion design practitioner.
Socio-cultural theories relating to wearables, fashion, and fashion tech
A fundamental motivation of this work has been to reveal social and cultural implications of
dynamic fabric through a fashion lens in opposition to a technological one. Although there
is a handful of references coming from socio-cultural and fashion theory discourses in this
dissertation (e.g. Barnard, 2014; Loschek, 2009; Ryan, 2014), I do not intend to make contributions to these areas. They have been used to support my argumentation that a major part of
the experience of wearing technology is social and related to fashion dialogues. Or, to signal
that there is a socio-cultural context that dynamic fabric is a part of that is not often addressed.
Philosophical framings related to materiality and embodiment
Materiality and embodiment, as separate and distinct areas of discourse in HCI, are timely
and relevant topics that relate to this research, particularly Chapter 7. However, neither the
materiality of digital things, information, or phenomena, nor the embodiment of them, have
been explicitly used as lenses in this research. I have instead concentrated on articulating tacit
experiences of dynamic fabric from the lens of fashion practice.
Augmented reality
Augmented reality (AR) is a relevant technical framing of this work. I use several digital tools
that function like augmented reality to generate the dynamic fabric explored in this research.
However, as discussed further in Chapter 8 and 9, it was a deliberate choice not to take an
AR lens with this work and concentrate instead on the experience of dynamic, colour-chang21

ing fabrics for fashion. Therefore, this research does not situate any gained knowledge in an AR
research discourse.

1.5 Formal context of this research
The primary context of this research has been as part of the ArcInTex European Training Network (ETN), a project funded primarily by the European Union’s Horizon 2020 research and
innovation programme under a Marie Skłodowska-Curie grant agreement. The ArcInTex ETN
brings together a consortium of eight research and industry institutions across Europe, aiming
to deepen connections between textile, architectural and interaction design. The project has
been concerned with opening up new reflective foundations on living in an age of technological innovations, specifically with regards to adaptive and responsive environments and textiles.
The consortium is cross-disciplinary, with designers and researchers from architecture, textile
and fashion design, materials science, interaction design and industrial design. My formal role
in the ArcInTex ETN was “Designing for adaptive and responsive wearable interactions (textile
interaction design)” with the research taking place at both the Wearable Senses (WS) lab in
the Industrial Design department at Eindhoven University of Technology (TU/e), and Philips
Lighting Research in the Netherlands.
This research has therefore been conducted at the intersection of several disciplines. I, with a new
media art, wearables and fashion background, have been welcomed into the Wearable Senses lab
environment at TU/e where participation in the ArcInTex ETN was initiated. Part of WS’s mission
has been to look for synergies between craft, textiles, technology and fashion in terms of on-body
interactions and soft, on-body interactive products. Leaning towards hands-on, research through
design modes of working, WS strategically brings in industry members, researchers and design
practitioners from the technology sector, fashion, textiles, healthcare and more, as a way to blend
and share knowledge for this area of interest. In this way, part of the value of conducting research
at WS is that I have never been required to declare or justify myself as an “interaction designer”
or “fashion designer”. These questions have been set aside so as to concentrate on the exchange
of knowledge taking place. As described by WS coordinators (Tomico et al., 2014), “Interaction
and fashion designers, people familiar with the details of human physiology, psychologists, sociologists, and engineers are all required to create propositions that are accepted by end users in
the market. This combination, as we learned through experience, is by no means trivial.” (p. 17)
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Having equally conducted this research at Philips, moving back and forth between the TU/e
campus and the High Tech Campus where Philips is located, I have been honoured to work

where some of the most seminal wearables examples and concepts have been produced. Here
I have also had the opportunity to discuss and present my work at several industry events,
observe and discuss with other scientists how my research relates to the technical explorations
taking place for light in textiles and other explorations of AR for fashion retail application.
Timeline
The main design research activities described in this dissertation took place in the ArcInTex
ETN funding period between November 2015 and February 2019. After this, the last period
was dedicated to writing the final paper (Chapter 8) and this dissertation text. (See Figure 1.5)
1.6 Reading guide
Chapter 1, this chapter, introduces my personal background and motivation for an inquiry
into dynamic fabric. Coming from a design practice in wearables and a background in new
media art and fashion, my acquired skills and experiences lead me to interrogate the way in
which wearables design can be approached. To summarise, I became motivated to explore
wearables in a way that did not focus on technological concerns, but more explicitly on fashion
concerns related to wearing clothing for personal expression. This chapter ties my background
and motivations to the topic of dynamic fabric, which has acted as the “wearable technology”
I explore throughout this research.
Chapter 2 presents related literature and design exemplars in the area of dynamic, colour-changing fabrics that have informed and inspired this research. It presents dynamic fabric as a richly explored area in the context of HCI-based wearables and smart-textiles
discourse and identifies a lack of knowledge into how these fabrics might be experienced in
everyday life. The chapter also provides a summary of the terminologies used in literature to
describe textiles and other flexible materials that can change colour dynamically, such as animated textiles and dynamic display fabrics.
Chapter 3 outlines the methodological foundations of this research, situating the research
activities within the context of research through design, taking a first-person perspective in
design research, and speculative design techniques used in HCI discourse. The combination of
these approaches collectively describes the overall approach of this dissertation, having been
applied specifically to an examination of dynamic fabric.
Chapter 4 presents the first paper of this research, “’Can I Wear This?’ Blending Clothing
and Digital Expression by Wearing Dynamic Fabric”, that initiates the inquiry into dynamic
fabric. It argues that to understand dynamic fabric as part of a garment, I must first gain
knowledge about what it is like to wear it. The paper therefore introduces the Greenscreen
Dress case study as a way to approximate a wearing experience of dynamic fabric by using
green-coloured garments and a chroma-key (or “greenscreen”) app. An autoethnographic account of this experience is documented in the paper, and then unpacked through reflective
analysis. The analysis details how my thoughts and behaviour changed in comparison to wearing traditional, non-dynamic clothing and connects this to potential design implications of
dynamic fabric for the future. Furthermore, this chapter argues that the activity of wearing
played an invaluable role in gaining these insights into dynamic fabric, and presents this as a
strategy that could be used in wearables design processes more explicitly.
Chapter 5 presents the second paper titled “Day-to-Day Speculation: Designing and Wearing
Dynamic Fabric” that compares the autoethnographic accounts from Greenscreen Dress to
several postulations made about dynamic colour-changing fabrics from literature or design
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examples. For example, it has been suggested that colour-changing garments might help mitigate overconsumption of clothing by offering several garments in one garment—yet my experience of wearing the greenscreen system does not support this idea. This chapter also unpacks
the methodological approach taken in the Greenscreen Dress study in the context of research
through design and speculative design. It describes the Greenscreen Dress study as a material
speculation inquiry that, differently from other speculative design approaches, situates speculative artefacts in the context of everyday life in order to draw insights about a future technology.
Chapter 6 presents the third paper titled “Wearing Digital Shimmers: A fashion-centric approach to wearable technology” that introduces the second case study, Phem. Phem seeks
to understand dynamic fabric from the perspective of fashion design, now that I have previously gained an understanding of what it is like to wear it. More specifically, it argues that
a fashion perspective is lacking in typical wearables-based research and design contexts, and
postulates that using strategies from fashion design can help designers see and work with technology more expressively, therefore tying their work more closely to fashion-related concerns.
In the context of this dissertation, this chapter unpacks the design process I undertook when
designing for Phem, and identifies the ways I was able to balance fashion-related concerns with
the uniquely digital aspects of the dynamic fabric at hand.
Chapter 7 presents the fourth paper, “Satisfying a Conversation with Materials for Dynamic Fabric” that dives deeply into the designer–material relationship between myself and
the dynamic fabric throughout the Phem case study. The paper postulates that, from the
perspective of fashion design, working with digital materials and tools can be frustrating for
designers accustomed to working with physical fabrics. It relates this frustration to work by
philosopher Donald Schön and social anthropologist Tim Ingold, who both describe designers
and crafts-practitioners working with materials in a conversational manner. This chapter uses
this lens to describe the ways I personally overcame difficulties working with the non-physical
aspects of the dynamic fabric, while still feeling creatively and bodily engaged.
Chapter 8 presents the final paper “Alternative Presents for Dynamic Fabric” which holds the
main contributions of this dissertation. Having offered personal accounts and an examination of wearing dynamic fabric in Chapter 4 and 5, and describing working with dynamic fabric from a fashion design lens in Chapter 6 and 7 – I have positioned myself to answer the main
research question What is dynamic fabric? In this paper, I therefore track my changed understanding of what I think dynamic fabric is over time from the beginning of Greenscreen Dress
to the end of the Phem. I then express this changed understanding by formulating three theoretical propositions for what dynamic fabric is. As these propositions were intimately tied to
the overall approach of this research, this chapter also discusses and describes how combining
autobiographical design with RtD, and oriented them speculatively can generate intermediate
knowledge on an emerging technology, with particular emphasis on social-technical aspects.
Chapter 9 elaborates on the contributions of this research. The discussion focuses on how
the three propositions of dynamic fabric can be used by design practitioners working with wearables, as well as implications for accepting these propositions in wearables discourse. This chapter also re-positions the methodological contribution of the overall research. It does this by examining the role of the artefact and the role of autobiographical design in material speculation.
Chapter 10 concludes the dissertation by giving an overview of the research and findings.
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2
Related
Literature on
Dynamic Fabric
This chapter presents an overview of the literature on dynamic, colour-changing fabrics that
have informed and inspired this research. Situating it mainly in the broader domain of wearable technology, it shows dynamic fabric to be a richly explored area in HCI-based wearables
and smart-textiles research.

2.1 “Wearables” and “fashion”
Over the past two decades there has been a surge of excitement surrounding the idea of integrating electronics and other smart, digital technologies and materials into clothing and accessories. Currently, this area is most widely referred to as wearables or wearable technology
(Ryan, 2014; van Dongen, 2019), with the word “wearable” differentiating it from other digital
technologies and emphasizing its special relationship to the human body. This was preceded
by the terms wearable computing and wearable electronics used mainly in the eighties and
nineties when the domain was blossoming from numerous technological innovations and explorations being made by artists and engineers. Other overlapping areas include smart textiles,
smart fabrics, and e-textiles, especially when applied to garments.
In recent years, “fashion” has become an increasingly important topic for wearables practitioners
in and out of HCI discourse. Newer terminologies such as fashionable technology (Seymour,
2008), fashiontech (Tomico et al., 2017), and techno-fashion (Toussaint, 2018) have respectively
emerged, all bringing different meanings and intentions with them, but reflecting a similar aim to
emphasise fashion-oriented design concerns when pairing technology with dress. Wearables, as a
discipline, comes from and is intended for technology sectors. As stated earlier, the term wearable
is meant to explicate the idea of putting digital technologies on the body. And this is why it seems
increasingly important to consider what knowledge fashion has to offer wearables in terms of tacitly navigating socio-cultural meanings when dressing the body, working with materials on and
for the body, or even strategies for positioning wearables as fashion items in different contexts.
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So what do I mean by “fashion” and fashion considerations for wearables in this dissertation?
Malcolm Barnard (2014) in his book on fashion theory describes a wide variety of fashion understandings and theoretical positions, introducing the spectrum by writing that “[s]ome see
fashion as high art, the very best that has been achieved in Western civilisations; others see it
as refutable evidence of capitalist culture’s moronic obsession with superficial trivia.” (p.13). He
elaborates on several key understandings of fashion, describing the term as often used relation
to “adornment”, “style” and “dress”, but reasons his way to highlighting a description by Anne
Hollander (1994) where she writes:
Everybody has to get dressed in the morning and go about the day’s business... [w]hat
everybody wears to this has taken different forms in the West for about seven hundred
years and that is what fashion is. (p.6)
While Barnard points out that demarcating understandings of fashion to the West can be problematic, and demonstrates that fashion is best understood through a plurality of theoretical
lenses and cultural understandings, it is important here to try and describe some of what is
explained about fashion having a communicative or semiotic function and how this relates to
personal identity. I will attempt to grossly summarise it in this way: The clothing we wear has
meaning, which helps to support representations of our identity in society in various capacities
(e.g. gender, politics, race, class, etc). This meaning is not inherent in the clothing but culturally constructed, mutable, contextual, and subjective. As Barnard (2014) writes,
[meaning is constructed through] the interaction between cultural values and the item of
clothing ... Because every member will have a different understanding of their culture’s
values and because every member will have a more or less complete understanding of
their own culture, the possible constructions of meanings are infinite. (p.89)
The meaning of an item of clothing is understood in a connotative manner, or, as a “shifting
set of associations and feelings concerning the object that are aroused in an individual as a
result of their cultural identity and location” (p.79). One example of this is that a balaclava will
likely “mean something different to an elderly English ex-serviceman from what it will mean
to a young female Russian fan of Pussy Riot” (p.79). Another example of this would be that I
might hate the colour orange while my friend might love it without either of us being able to
articulate the reasons why.
So, what I mean by “fashion” or “personal fashion” in this dissertation is simply the clothing we
wear, as everyday people, and the way we individually evaluate and make choices for what we
wear each day. These choices are meaningful and important social tools we use to help us be in
society. When I refer to fashion design and fashion design processes I am referring to the craft
of working within these meaning structures in order to provide clothing that people might like
to choose to wear. Fashion designers will attempt to explicate the qualities of the materials,
patterns and silhouettes that they are working with by offering up the connotative meanings
that they see in them or are aiming for, by saying things such as “it’s Madonna at the office” or
“it’s a very masculine take on 90’s neon”. These ideas will be understood by some and not by
others, and this will sometimes matter and sometimes not. It depends always on the person,
customer, community or situation they are designing for. Fashion designers will also work with
a particular set of tools to communicate their intended meanings by way of various fashion
media, as further described in Chapter 6. A fashion show, for example, might present wearable
artworks that would not make sense as everyday streetwear, but would function to generate
meaning and attach that meaning connotatively to the more practical items of their brand. As
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Ingrid Loschek (2009) points out “It is significant that we do not refer to a ‘clothes show’ or
‘clothes photography’, but to the ‘fashion show’ and ‘fashion photography’, for they grant the
semblance of fashion and illusion to clothing” (p. 142).
I believe that all of this matters for wearables practise and discourse, but that it is often overlooked, seen as minor or an afterthought. Yet, once a technology is worn on the body it irrefutably enters fashion systems of meaning making which will inevitably affect a person’s enthusiasm or hesitancy to choose to wear it. If wearable technologies are designed and worked with
as separate from fashion concerns, this means that design concepts are not grown from or with
an understanding of personal expression, identity, or lifestyle, but from the point of technical
possibility. And while following technical possibility has worked for fashion in different ways
(e.g. invention of the jacquard loom; invention of nylon; the popularity of the Walkman as stylish in the ’80s), it can sometimes bring with it the values, concerns and preoccupations of the
technology sector, which minimises concerns from fashion practise that are equally important
when the body is being dressed.
As described by Lucy Dunne (2010), ideas for integrating technology with garments often
stem from persistent societal beliefs about technology—that we should do it “because we can”
(p. 43) or that technology will necessarily makes things better. Susan Elisabeth Ryan (2014),
in her seminal book Garments of Paradise that outlines the historical and socio-cultural discourse of wearable technology, demonstrates an example of this mindset through her discussion of the Philips Bubelle dress produced in 2007 under the Skin Probes program. This
voluminous white dress (Figure 2.1) illuminates in response to heart rate and galvanic skin
responses, simulating “a blush, [or] a coloration of human skin ... in response to emotion or
anxiety” (Ryan, 2014, p. 121). It is an iconic exemplar in wearables discourse and one that for
me was an inspirational use of wearable light.
However, it was pointed out by Ryan that the
dress was described in its own press material as “a new way of communicating ... using
garments as proxies to convey deep feelings
that are difficult to express in words.” Ryan
suggests this description is “another way of
saying that our native responses are too illegible” (p. 121). Lone Koefoed Hansen similarly
suggests this way of framing the Bubelle ends
up “equating the wearer’s body to a computer
in which the flow between input and output
is matter of cause and effect...” (Hansen, 2011,
p. 81; Ryan, 2014). Hansen further describes
that “...while Skin Probes dresses are not very
successful readers and displayers of the dress
wearer’s mind, they are certainly very successful readers and displayers of latent technological hopes and desires...” (p. 87). And while I
cannot comment with certainty on how this
kind of dress would be presented in a fashion
context as opposed to a technological one, I
Figure 2.1. 2007. The Philips’ Bubelle Dress designed by Lucy
presume it would be presented without expliMcRae. Image source: www.flickr.com/photos/we-love-technocating is was “a new way of communicating”
logy/3160935456/
and to concentrate on crafting the visual nar27

rative that would support it as a fashion expression by way of a fashion show or other media and
let the viewers make sense of it.
Ryan suggests that wearables have been driven by an “engineering philosophy of technology”
as described by Carl Mitcham (1994, p. ix), since the early 1990s that is still prevalent. This
engineering philosophy builds on the work of Ernst Kapp (Ziemann, 2019), which Mitcham
described as putting emphasis on examining “the internal structure or nature of technology”
(p. ix), or, viewing technologies as tools for prosthetic enhancement (Ryan, 2014). This view
works in opposition to a humanities-based approach that puts emphasis on the relationships
between technologies and everything else, or the meaning of a technology in different contexts
(Mitcham, 1994; Ryan, 2014). Tomico and Wilde (2016) aptly contextualise this problem when
arguing for more embodied, situated explorations of wearables, writing:
We argue that the humanities approach to wearables is integral to engaging with the
full potential of wearables ... The “engineering philosophy of technology” requires
a cognitive, top-down perspective, making it difficult for meaning to emerge from
interaction, as interaction is imagined and imposed by the designers rather than treated
as an emergent phenomenon. (p. 4)
In other words, by approaching wearables design with the idea that technology services to
extend or augment the human body in a one-to-one manner (as Kapp describes, how a shovel
becomes an extension of the arm), we risk missing new possibilities of pairing technology with
the body that can come from more sensitive, exploratory approaches, such as those that play
out in material-explorative fashion design processes. We also risk overlooking new phenomena
that are already happening or fail to relate the technology to broader systems outside of itself,
which could offer richer or more nuanced experiences with the technology.
Fortunately, although still dominated by viewpoints that value technological progress and development, wearables has been opening up over two decades towards ideas, perspectives and
explorations that shift the focus off of the technology itself towards more experiential, designerly considerations for what it means to wear technology. These explorations have been coming
from intersections of art, fashion design, textile design, and interaction design (e.g. Berzowska,
2005b; Joseph et al., 2017; Lamontagne, 2017; Tomico et al., 2017; Toussaint, 2018; van Dongen, 2019). Pauline van Dongen, for example, examines her wearables design practice through
a postphenomenological lens of material aesthetics, demonstrating that the technologies she
works with can be seen as materials themselves, not as a “functional end” (van Dongen, 2019,
p. 189). Valérie LaMontagne (2017) argues that by seeing wearables through the lens of performance of human and non-human entities, we can better enrich our understanding of their
creation and meaning.
Certainly there are a variety of ways that knowledge from fashion and fashion design can be applied to wearables. The approach of this research has been to examine a wearable technology—dynamic fabric—through the lens of everyday life and everyday garment-wearing practises (what I
mean by “fashion”) to see what new knowledge might arise. What does experiencing a digital technology in my wardrobe teach me about wearing technology? Secondly, it takes the lens of fashion
design practise to try and understand how this wearable technology might disrupt “traditional”
fashion design processes involving physical material explorations and manipulation, garment construction, and meaning-making through fashion media. How does bringing dynamic fabric into
my design process affect my expectations of that process? And more importantly, what can this tell
wearables practitioners about working with dynamic fabric and other digital materials?
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As fashion functions to interface our bodies with society it therefore seems pertinent to dive more
deeply into this aspect of it in relation to wearables, or, what it means to have digital technologies
be explicitly part of personal dress and enter fashion practise as fashion materials. And for this
reason, I will next introduce the concept of dynamic fabric by relating it to the broader history of
sparkling and shimmering materials in fashion that have influenced Western traditions of dress. I
see adornments that reflect light to be part of the bigger picture of dynamic, colour-changing materials explored in wearables and smart-textiles discourse. Sparkling, shimmering adornments
for personal fashion demonstrate a precedence for people to wear surface-changing materials in
a variety of ways, holding some kind of culturally-constructed meanings. Then, in the preceding
chapter on the methodological foundations of this work, I will describe a variety of approaches
I have combined from design-oriented HCI research that have allowed me to explore dynamic
fabric in an everyday, situated, embodied and therefore more fashion-oriented way.

2.2 A brief history of surface-changing materials used for dress
Surface-changing and colour-changing materials have a rich and meaningful history in fashion
and dress, dating as far back as prehistoric times when crushed haematite, a glittering mineral,
was applied as body art (Stewart, 2017), or even Tutankhamun’s garments from 3,300 years
ago that were found adorned with shiny golden discs (Spivack, 2012). Throughout the ages
there have been numerous examples of using crushed mother of pearl (Figure 2.2) to achieve
an iridescent shimmer on the skin, or lighten and add a glisten to the hair using gold dust
(Stewart, 2017). In many cultures, adorning oneself with sparkling or iridescent materials was
a sign of wealth and nobility. During the 17th, 18th and 19th centuries, reflective bits of metal
were often sewn onto garments and accessories to act as lavish decorations, and by the 20th
century there were numerous ways to mimic their effects in more affordable ways, making
shimmers and sparkles more prevalent outside wealthy social circles.
In the 1920s, when Tutankhamun’s tomb was opened and revealed the shimmering garments
he wore millennia ago, sparkling metal sequins became a much bigger fashion trend than ever
before in Western dress (Spivack, 2012). According to Kate Mulvey (Baxter-Wright, 2006) in
the book Vintage Fashion,
Designed to be ‘brilliant’, some dresses were completely covered in brightly coloured
glass beads or genuine gems such as crystal and jet ... Black chiffon dresses with silver
and gold beads were particularly spectacular, and whole skirts edged with rhinestone
embroidery sparkled. The craze for sequins was a hallmark of the decade, as they
reflected the light and could be overlapped to produce linear patterns. (p. 25-26)
Sequins in this period were sometimes made of wax, which could leave handprints on the garments melted in by a dance partner’s sweaty hands (Baxter-Wright, 2006). Herbert Lieberman
in collaboration with Eastman Kodak in the 1930s, was the first to make sequins from filmstock acetate as a way to counteract the fragility of such materials (Figure 2.3). He described the
material effect, saying “The light would penetrate through the colour, hit the silver, and reflect
back ... Like you painted a mirror with nail polish” (McCormack, 2005; Spivack, 2012). From
here, acetate was combined with Mylar and vinyl plastic for added durability, resembling the
sequins we are most familiar with today.
In the latter half of the 20th century several products with thermochromic characteristics went
to market as fashion items, most notably the “mood ring” in the 1970s (Ryan, 2014) and in
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Figure 2.2. Nacre, also known as mother of pearl, is a material
produced by some mollusks. It is strong and iridescent. Image source:
Wikimedia Commons from user Chris 73. Licensed under CC BY-SA 3.0

Figure 2.3. 1938. Actress Shirley Ross wearing a sparkling, sequinsembellished dress designed by Edith Head in the film The Big Broadcast.
Image source: https://www.itsbeyondmycontrol.com/some-peopleneed-sequins-others-dont/

1991 the faddish Hypercolor T-shirt
(as cited in Kooroshnia et al., 2014)
that changed colour from body heat.
In the 1960s, there were several designers working with materials from
Day-Glo Colour Corp., an American
company that produced a variety
of fluorescent and black-light fluorescent pigments, and also several
designers were working with electronic illumination (Ryan, 2014).
According to Ryan, “The trend even
appeared at the couture level when,
in 1966, Yves Saint Laurent sent a
bridal gown with an incandescent
flower attached, down the runway...”
(Ryan, 2014, p. 46). Shortly thereafter, Pierre Cardin featured a collection of garments in 1967 called
“robes electronique” with embroidered LED patterns presented on a
darkened catwalk to emphasise their
effect (Borrelli-Persson, 2020; Kwun,
2019). In 1985, Harry Wainwright
developed a sweatshirt with integrated fibre-optics and a microprocessor
to control animations displayed on
fabric (Guler et al., 2016). He went
on to hold numerous U.S. patents
in the area for custom apparel and
toys (Guler et al., 2016). Shortly after this, a shift began in the area of
colour-changing textiles (Worbin,
2010), as computational materials
became smaller, more powerful, flexible and more accessible to designers
and researchers alike.

In the late 1990s and early 2000s, several novel explorations of thermochromic printed textiles
and electronics emerged1 (e.g. Figure 2.4 and 2.5) as well as explorations of illuminated textiles
that used various materials to achieve animated displays on garments2 (Figure 2.6).
Several of these explorations intersected with art and design-oriented discourse, and have
become iconic exemplars in wearables discourses, such as the Bubelle dress described at the
1
For example, Joanna Berzowska’s animated textiles Shimmering Flower (2004) and Krakow (2006), Maggie
Orth’s Dynamic Double Weave (2004), or Christie et al.’s design concepts and research into thermochromic dyes and
pigments (2007)
2
For example, Orth’s Firefly dress and necklace (1998), CuteCircuit’s Kinetic Dress (Rosella & Genz, 2004),
Philip’s Lumalive garments (Harold, 2006), Hussein Chalayan’s Video Dress for his 2007 Fall/Winter collection and
2008 Spring/Summer collection featuring clothing with moving laser beams, and Berzowska and Laflamme’s PLEET
light-emitting electronic garment (2011)
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Figure 2.4. 2004. Detail of the gradual colour change effect from
Shimmering Flower, developed by Joanna Berzowska at XSLabs. It
is a textile woven on a Jacquard loom made with conductive yarns,
thermochromic inks and custom electronic components.
Courtesy of Joanna Berzowska.

Figure 2.5. 2006. Krakow. Some of the figures in this weaving are
overprinted with inks that change from magenta to transparent and
back again. This is another woven animated display textile constructed with conductive yarns, thermochromic inks and electronics from
XSLabs. Courtesy of Joanna Berzowska.

Figure 2.6. 2010. Details of PLEET, a dress that can illuminate, by Joanna Berzowska and Anne-Marie LaFlamme at XSLabs.
It incorporates textile strips that are woven with silk & photonic band-gap fibres. Custom electronics control the illumination
of the fibres. Courtesy of Joanna Berzowska.
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beginning of this chapter (Figure 2.1) (Philips Design, 2006), and designer Valérie Lamontagne’s Peau d’Âne (2005) that featured dresses whose surfaces visually changed according to
moon cycles, sunlight and wind patterns. Elise Co’s body of work, from her MA thesis at the
MIT Media Lab in 2000 (Co, 2000), is of particular note in the context of this dissertation, as
she explored wearing dynamic garments and accessories driven by similar curiosities as this
research, asking “What modes of expression can be realized through technology?” (2000, p.
12). Her Chimerical Garment appeared as a backpack she wore with a flat-screen monitor on it
depicting animated 3D graphics. As described by Ryan (2014),
When worn, an animated representation of a classical nude back appears, with graphics
suggesting transparent, billowing skin and fernlike wings ... [It] recalls the breathnavigation body suits of Char Davies immersive virtual reality environments like Osmose
(1996), only in Co’s case the wearer is implanted in the real world. (p. 145)
Although there is a distinctly futuristic flare to Co’s thesis work, she consistently explored wearable design concepts in relation to historical fashion references, and examined the ways they
could make sense in present day personal fashion contexts as opposed to future-based ones.
Another iconic and widely known example in wearables discourse comes
from fashion, where Hussein Chalayan’s
presented the video dress in a fashion
show from his Autumn/Winter 2007
collection (Figure 2.7) created in collaboration with Moritz Waldemeyer and
Swarovski crystals. The dress has full
video display using 15,600 LEDs and is
covered with thousands of crystals.

Figure 2.7. 2007. Video Dress by Hussein Chalayan, Moritz Waldemeyer
and Swarovski. Image cropped from original. Image source: Wikimedia
Commons by user Turco85. Licensed under CC BY 2.0.
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There have also been garments that
change colour and pattern using a variety of combined augmented- and
mixed-reality technologies, although
this has not really been a part of research discourses that examine colour-changing materials. Viktor & Rolf,
for example, for their 2002/2003 Bluescreen collection projected landscapes,
street traffic, sky and clouds onto their
garments as models paraded on a catwalk (Loschek, 2009). Similarly, fashion designer Franck Sorbier collaborated with Intel (Kestecher, 2012) in 2012
to transform a single white ball gown
into several different dresses using projection mapping technologies on stage
(Figure 2.8). Pop-music celebrities like
Carrie Underwood in the 2013 Blown
Away Tour and Jennifer Lopez in 2015
on the television show American Idol,

Figure 2.8. Dress animated by video projection-mapping designed by Franck Sorbier (detail). Copyright Franck Sorbier, 2012-2013
A/W Franck Sorbier Haute Couture. Photographer Piero Biaison.

performed with video-animated dresses also
using contemporary projection-mapping technologies. Furthermore, in the last decade there
have been a handful of fashion designers using
augmented-reality apps to generate large geometrical patterns surrounding their clothing, such as
design collective Normals in 2012, Marga Weimans in 2013 in collaboration with AugmentNL,
and Kailu Guan in 2016 (Figure 2.9) .

2.3 Design research and
commercial applications in the
last 15 years
Figure 2.9. 2016. Detail from NYC-based designer Kailu

Over the last 15 years there have been a string
of niche and novelty products on the market,
emerging from explorations that mainly use
light to animate the surface of garments for
personal fashion. Companies like CuteCircuit
(Figure 2.10), MOON Berlin (Figure 2.11),
and Philips (Figure 2.12) have all made it possible to purchase illuminated, colour- and pattern-changing garments.
Other prototypical examples of wearable, surface-changing materials aimed at fashion application have come from MIT, such as Cindy
Hsin-Liu Kao’s colour-changing make-up (Figure 2.13) (Kao et al., 2016) and the Photo-Chromeleon shoes (Figure 2.14) (2019), developed
by Yuhua Jin, Isabel Qamar, and Michael Wes-

Guan’s KG Projects - an augmented and virtual reality
fashion experience. With permission from the designer.

Figure 2.10. 2014. CuteCircuit’s White Twirkle T-Shirt.
Discreet, blue LEDs are illuminated behind the silver
sequins. Image courtesy of CuteCircuit, All rights reserved.
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Figure 2.11. 2014 MOON Berlin’s Illuminated

Figure 2.14. 2019. Photo-Chromeleon, developed by Yuhua Jin, Isabel Qamar, Michael

Black Dress. Illuminated by LEDs and woven

Wessely, et. al using photochromic inks that can switch their appearance from transpar-

fiber optics. Image source: www.moonberlin.

ent to colored when exposed to light of a certain wavelength. Image credit: MIT CSAIL

com; Photography for MOON Berlin ©Patrick
Jendrusch, ©Michal Cajzer

sely, that change colour when exposed to ultraviolet and
other visible light sources. There have also been several
high-fidelity prototypes meant for personal fashion that
use flexible e-ink displays for garments, shoes, make-up
and bracelets3 demonstrating simple but rapid, non-light
emitting, colour and pattern changes (e.g. Figure 2.15).

Figure 2.12. 2006. A vest using Philips’
Lumalive textiles. The fabric is integrated with a
flexible array of coloured LEDs. Image source:
https://thefutureofthings.com/5651-philipslights-your-clothes/

Figure 2.13. 2016. Colour-changing make-up,
ChromoSkin, developed by Cindy Hsin-Liu Kao
et al. at MIT. Described as an “interactive eye

Several researchers have taken more in-depth, materialor fashion-centric investigations into the techniques and
expressive possibilities for colour-changing textiles. Linda
Worbin (2010), for example, articulated some of the variables involved for controlling dynamic textile expressions
such as time and the surroundings (e.g. Figure 2.16), as well
as novel qualities a textile designer must grapple with, such
as a dynamic line or dynamic form. Marjan Kooroshnia et
al. (Kooroshnia et al., 2014), in their investigation of leuco
dye-based thermochromic inks (Figure 2.17), explored interactive spaces for colour-changing dresses. In one exploration of the interactions between two wearers, Kooroshnia
describes that they “created patterns which were unique but
wild, messy, uncontrolled, impossible to reproduce, and
temporary” (p. 49). We see related articulations coming
from other designer-oriented explorations of colour-changing garments such as ambiguity (Devendorf et al., 2016),
volatility (Devendorf et al., 2016) and irregularity (Wang et
al., 2016). This research too has been motivated to uncover
and articulate designerly qualities of dynamic fabric.

shadow tattoo composed of thermochromic
pigments activated by electronics or ambient
temperature conditions”. With permission from
Cindy Hsin-Liu Kao.
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3
For example, Shiftwear the crowdfunded e-ink shoe concept
from 2015, E Ink’s Prism Dress displayed at the CES 2018 technology
event, and Sputnik Goods E-ink Bracelet from 2015 as depicted in Figure
2.15.

To summarise, there has been a considerable amount of
research concentrating on the technical development of
flexible, textile-like, colour-changing materials, and prototypical examples for the expressive and interactive possibilities of these materials as textile pieces or worn items.
There has also been several commercial products developed, aimed at personal fashion, that have stayed at the
niche, novelty, or low-production level. Technically, the
textiles used in the above examples have used sensors,
conductive materials, thermochromic or illuminating
materials for colour changes, and various other embedded electronics that respond to situated input from
the body (e.g. heat, applied pressure, movement), from
the environment (e.g. light, temperature), or from other kinds of remote data (e.g. drawn from smartphones
or websites). This doctoral research has been inspired
by these examples, especially those coming from textile
design research which pay particular attention to articulating the expressions of the digital materials with other
materials and the intended context (e.g. Kooroshnia et
al., 2014; Worbin, 2010) and the commercial products
or research prototypes that strove to keep illuminated
expressions subtle and related to contemporary fashion
sensibilities, such as MOON Berlin’s illuminated clothing (Figure 2.11) or much of CuteCircuit’s work (Figure
2.10). However, this research has been less concerned
with creating technical or prototypical contributions
like the above examples. Explorations in this dissertation
seek to investigate how dynamic fabrics are experienced,
or might be experienced, in terms of a day-to-day personal fashion context.
Towards this, the literature shows that the dynamic, colour-changing feature of a garment, fashion accessory or
make-up, has been widely described as being a personally
expressive feature for its wearer. Through a variety of examinations, more precise ideas for this expressive quality
have been described, such as mood expression (Kao et al.,
2016; Philips Design, 2006; Stylios & Yang, 2013a), provoking intrigue in situated social interactions (Devendorf
et al., 2016; Gupta et al., 2018; Jacobs & Worbin, 2005;
Wakita & Shibutani, 2006), having many garments in one
garment (Devendorf et al., 2016; L. Dunne, 2010), expressing data from remote sources (Devendorf et al., 2016;
Lamontagne, 2005), poetically and materially expressing
time (Berzowska, 2005b; Devendorf et al., 2016; Landin
& Worbin, 2004), providing safety (e.g. with light) (Genç
et al., 2018; van Dongen, 2015), expressions of body movement (Berzowska & Laflamme, 2011; Orth, 1998; Wang
et al., 2016), responses to situated environmental triggers

Figure 2.15. 2015. E-ink Bracelet by Sputnik
Goods. With the accompanying app, the displayed pattern can be changed by the wearer.
Image source: www.sputnikgoods.com

Figure 2.16. 2004-2006. Linda Worbin. This
textile is printed with a thermochromic print.
When a cup with hot liquid is placed on it, new
patterns appear. This design example focuses on
how external objects influence the creation of
a dynamic textile patterns. The final expression
is not set in the actual textile, but rather built
into the interaction between the textile and the
external objects. Courtesy of Linda Worbin.
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(e.g. rain, sound, heat, or light) (Genç
et al., 2018; Jacobs & Worbin, 2005;
Jin et al., 2019; Kao et al., 2016), or
contextual colour and pattern changes (e.g. matching the surroundings)
(Genç et al., 2018; Kao et al., 2016;
Wang et al., 2016).
However accurate these use-scenarios prove to be, they are still initial
concepts and not something that can
be claimed from long-term, daily usage. In the words of Devendorf et al.
(2016), who also share a curiosity for
the everyday experience of dynamic
fabrics,
While HCI has explored
domain specific and conceptual
proposals for clothing-based
displays, very little is known
about the way such displays
would be perceived and
utilized within everyday life,
beyond runways and outside of
galleries. (p. 6032)
Figure 2.17. 2014. Marjan Kooroshnia & Laura Clausen.
A dress printed with leuco dye-based thermochromic inks.
Image courtesy of Marjan Kooroshnia.

This doctoral research attempts to make
contributions towards this concern.

2.4 Terminologies used in other research contexts for dynamic fabric
“Dynamic fabric” is not a term currently used in HCI-based wearables or smart-textiles discourse outside this dissertation and the papers within it, published between 2017-2020. In the
process of initiating an inquiry into the experience of future-based, colour- and pattern-changing garments, I used this term in my first published paper (Mackey et al., 2017) as a catch-all
term to describe previous and future incarnations of colour-changing materials meant for garments. I did not want to tie this inquiry to a particular technology (such as thermochromics or
LEDs), and aimed instead to focus on the surface-changing effect itself.
In other research contexts, dynamic, colour-changing textiles have been referred to in a variety
of ways suitable to their context. For example, Joanna Berzowska and Marguerite Bromley
(2007) refer to “color-change textiles”, “flexible display technology”, “animated textiles”, and
“visually animated materials” in order to encompass a variety of past and future forms of
flexible, colour-changing materials. The main artefact featured in their paper, the Animated
Quilt, is described as “a soft, reactive, addressable, visually animated fabric display” (p. 1).
In the last ten years, HCI, wearables and smart-textiles discourse have used slight variations of
such terminologies to describe colour-changing materials for garments. For example, Dunne
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(2010) has described it as “integrating dynamic aesthetics into a garment” (p. 50) and Devendorf et. al (2016) as “dynamic displays on clothing” (p. 6028). Genç et al. (2018) capture several design principles behind dynamic surface-changing garments in a “fashionable wearables”
context, articulating them as “ambient interaction” or “surface alteration”, further qualifying
them as “extending the expressions of the garments to the environment” or “dynamic surface
treatments with computational materials” (p. 9).
This is all to explain that the starting point of this doctoral research was to examine garments
that used computational technologies (in a general sense) to change the surface colour or pattern of garments—as has been widely explored over the past twenty years. This textile feature
has captured the intrigue of many designers and researchers working in HCI, wearables, smart
textiles and fashion. The literature has not provided me with one term to describe this genre
of materials without being explicit about the technology involved (e.g. LEDs, thermochromics), or suggestive of its function or use (for example, the word “animated” suggests motion,
“aesthetics” suggests a decorative function, and “colour-change” might preclude pattern- or
texture-change) and so I have used the term “dynamic fabric”. The word “dynamic” has allowed
me to communicate both the computational or digital qualities I was investigating, as well as
the surface-changing ability of the fabric without being too specific. The word “fabric” has
allowed me to tie it to a textile form, or, articulate its role as the fabric part of a garment. What
emerged from the pragmatic use of the term “dynamic fabric” towards the end of this research,
was a direct interrogation of what I actually meant, or, a need to be more precise in describing
the thing I was working with as opposed to the idea of the thing I was working with.

2.5 Summary
To summarise the above literature and design examples, I have shown the wearables field to
be predominantly focused on technical concerns with minimal concern for fashion systems
of meaning making. However, recently it has broadened to include new perspectives and
methods coming from art, textile and fashion design practises, highlighting more sensitive
approaches to pairing technology with dress. This research aims to be part of this broadening
by exploring a wearable technology in an intimate, personal way related to everyday dress and
fashion-design processes.
The wearable technology I have chosen to examine is dynamic, colour- and pattern-changing
textiles meant for garments, referred to in this dissertation as dynamic fabric. This fabric has
been widely explored in wearables and smart-textiles research in the last 20 years, but also in
art, fashion and commercial contexts over several decades. Still, it seems largely to be a prospect of future everyday fashion, with very little known about how it might be experienced or
how it might disrupt clothing-wearing practices in everyday life today. This research attempts
to examine these things as a way to take the focus off of technical innovations for dynamic
fabric, using a variety of methods drawn from HCI discourse described in the next chapter.
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3
Methodological
Foundations of this
Research
This chapter provides an overview of the methodological foundations of this research coming
from HCI discourse that is design-oriented. This includes an overview of research through
design (RtD), first-person perspectives in HCI, and strategies drawn from different kinds of
speculative inquiries in HCI. These combined approaches describe the overall approach of
this research, having been specifically applied to an examination of dynamic fabric.
As this chapter presents an overview of the related methods, each chapter thereafter will provide a more detailed description of the methods used for each case study.

3.1 Research through Design in HCI
The overall approach of this doctoral research has been research through design (RtD). In terms
of HCI, this is a mode of research that trusts the capacity for designers to engage in design activities that generate intermediate knowledge on a certain, timely topic in HCI. As Zimmerman
et al. (2010) write, it is “a research approach that employs methods and processes from design
practice as a legitimate method of inquiry” (p. 310).
The term “research through design” was introduced to HCI discourse by Zimmerman et al.
in 2007, inspired by Christopher Frayling’s 1993 concept of conducting research through
design in an art and design context (Frayling, 1994). Frayling describes a transition taking
place where research was starting to be seen as “what artists, craftspeople and designers
do all the time anyway” (p. 1), and writes that designed artefacts can embody “where the
thinking is, so to speak” (p. 5). Indeed, an important facet of RtD within HCI discourse is
its particular focus on designed artefacts as outcomes in and of themselves. As Gaver (2012)
describes, “the resulting designs are seen as embodying designers’ judgments... and reflection on these results allow a range of topical, procedural, pragmatic and conceptual insights
to be articulated” (p. 937).
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I think it is important to point out that RtD, as a discipline in itself, was introduced explicitly
as a way to legitimise knowledge generated by design practitioners, using design methods and
“design thinking” approaches (Zimmerman et al., 2007), within HCI discourse. At this time
in 2007, Zimmerman et al. described that many HCI researchers misunderstood the value
that design work brought to HCI, believing design functioned to provide “surface structure or
decoration” (p. 493). RtD discourse has since extensively argued and demonstrated a variety
of ways that design-based processes bring value to HCI research (e.g. Gaver, 2012; Giaccardi,
2019; Koskinen et al., 2011). It has therefore been embraced by design practitioners working
in HCI. It enables practitioners, like myself, coming from disciplines outside of HCI (such as
fashion, ceramics, art, architecture, dance, etc.) to approach topical HCI themes in ways that
make sense to our respective crafts or modes of working.
There is still an ongoing debate over what RtD is and does precisely in terms of how it generates
knowledge (e.g. Andersen et al., 2019; J. Bardzell et al., 2015; Bowers, 2012; Stappers & Giaccardi, 2017) and how that knowledge can be utilised—likely due to the variety of design approaches it can encompass. Stappers et al. (2020), in the paper “Grappling with Diversity in Research
Through Design”, recount that in the last decade numerous scholars have attempted to “get a grip”
(p. 140) on the diversity of forms of RtD by outlining different categorizations and overviews of
the discipline from different perspectives (e.g. J. Bardzell, 2019; Chow, 2010; Forlizzi et al., 2018;
Koskinen et al., 2011). Their paper itself is an attempt to articulate various RtD styles and genres
alongside each other, generated “bottom up” from the RtD community across many institutions.
Gaver (2012), who cautions against convergence and standardisation in terms of processes,
methods and protocols for RtD, points out that most researchers working in an RtD context
seem to share several common values nonetheless. For example, he writes that most practitioners pursue some variation of user-centredness in their design work, explore a wide space of
potential designs, that they value craft and detail in their work, and believe fundamentally that
the practise of making is a route to discovery.
3.1.1 My engagement with RtD in this research
For the work described in this dissertation, RtD is the backbone of my approach, present in
all that I have done. How this looks, tangibly, is a focus on making things, doing things, and
reflecting on them, over and over, in the service of certain questions. My skills and experience
come from my background in new media art, wearables and fashion design. The “things” I
did most often were therefore related to these disciplines: designing, making and wearing garments, playing with fabrics, scanning fashion media, and other exploratory actions using my
computer, social media, my smartphone and the greenscreen garments I made, in different
configurations. As this research is an inquiry into dynamic fabric, the core of my activities
have centred around a constant examination of my designer–material relationship with the
dynamic fabric at hand in order to understand it and then communicate this understanding to
the research community.
These explorations continue a line of inquiry that began in my practise with wearables described in Chapter 1. Designing for a variety of wearables products, I have always engaged in
asking and answering questions through making things and doing things, especially because
I have worked in an area with so many new things to discover. In this way, I have a heritage
in RtD. The major difference between then and now is that my questions have become more
explicit as research questions; my actions framed in terms of HCI discourse. As such, I have
engaged strategies from autoethnography, autobiographical design and speculative design with
an RtD mindset throughout.
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3.1.2 The RtD artefacts in this research
In terms of the emphasis put on artefacts as outcomes within RtD, this research centres heavily on reflections of my personal experiences with and through the dynamic garments and
other artefacts I have designed and engaged with over a three-year period (see Figure 1.5). As
will be pieced together through this dissertation, these artefacts most often take the technical
form of green clothing, green fabrics, digital devices, CAD tools, photos and videos, and different combinations of these things. The RtD artefacts in this research, therefore, are never
singular objects or media, or collections of objects or media, but instead systems of artefacts
that nearly always require the situated context to be understood.
For example, when showing my work at the “Research Through Design Conference” in both
2017 and 2019, I felt challenged in planning how I would present my work in an exhibition-style
set-up, as is customary for this event. In 2017, I put a green dress on a mannequin and placed an
iPad in front of it to show the greenscreen effect. But this set-up felt incomplete. In 2019 I chose
to “set the scene” for the garments I had made, draping them over a chair and placing visibly
worn stockings and shoes on the floor as if their wearer had recently undressed in that spot
(Figure 3.1). I hoped the scene would communicate dressing, and wearing, and the presence of a
person and their everyday life in the absence of much text. Over the years, I found that presenting the garments on mannequins alone invited judgements of them as singular designed objects.
As they are certainly objects I designed, it is the wearing experiences and the design experiences
of these garments that hold the contributions of the research, not the objects themselves.
Furthermore, these experiences are
best understood through my written
accounts supported by the physical
and digital artefacts involved. I have
better understood them myself through
the act of writing about them, as the
writing helped to further metabolise the experiences and render them
more tangible. Writing, as a form of
externalisation, has been a way of reflecting, learning and sense-making in
this research. Therefore, the autoethnographic accounts included in this
dissertation are also important RtD
artefacts.
Finally, in terms of the shared RtD values described above by Gaver (2012)
which resonate with my work, this
doctoral research values craft and
detail from a multidisciplinary perspective of new media art and fashion design. And this research strongly identifies with the notion that the
practise of making is a route to discovery, but also the practise of wearing
and writing is a route to discovery in
the context of this particular research.

Figure 3.1. 2019. My RtD artefacts on display at the 2019 RtD Conference
in Delft, The Netherlands.
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3.2 First-person perspective research in HCI
3.2.1 Autoethnography
Autoethnographic accounts of wearing and designing with dynamic fabric are important RtD
artefacts in this research, as mentioned above. Autoethnography, as a qualitative research approach gaining momentum in HCI (e.g. Höök, 2010; Jain et al., 2019; Lucero, 2018) functions
to describe and “systematically analyse personal experience in order to understand cultural
experience” (Ellis et al., 2010, p. 273). Throughout the research, I have documented my experiences working with dynamic fabric—recording moments, thoughts, feelings, and reflections—in written form and through collections of photos and videos. Periodically, I have made
high-level reflections on this documentation and other media in order to identify relevant
themes and insights.
Further to this, I would like to highlight the concept of using the researcher as an instrument
(Wa-Mbaleka, 2020) in the data collection and analysis of this research. In terms of qualitative
research in general, it is important to acknowledge that a researcher will bring biases with
them, and that their subjectivity is something that should be embraced, not controlled (Cassell
et al., 2018; Wa-Mbaleka, 2020). In other words, understanding more about the person who
conducts the research is part of the research and can strengthen it in the right circumstances.
Throughout this research, I, as a wearer, designer and researcher, have been at the centre of
the inquiry using my everyday life and design practise to explore dynamic fabric. My skills and
experiences, as outlined in Chapter 1, have offered a particular lens from which to view these
experiences and unpack the intricacies involved. As a person, separate from my design practise, I also love clothing and the histories of fabrics and fashion, which have further motivated
my enthusiasm for the area professionally. Examining my clothing choices in a particular way
has been an important part of this research and an activity I have engaged in both personally
and professionally for many years.
The lens used in this research is therefore not neutral. It is a lens informed by my experiences
preceding this research, and it is my responsibility as a researcher to contextualise it as such.
Needless to say, a different researcher would bring out a different perspective with emphasis
on aspects relating more closely to their specific motivations, skills, experiences and values.
This can be viewed as either a weakness or strength of the approach, depending on the kind of
inquiry. In this inquiry, it has been an opportunity to use myself as an instrument quite explicitly through techniques from autoethnography and also autobiographical design (described in
the next section). The strength of this has been the depth with which the two case studies were
able to explore and interrogate an experience of dynamic fabric over a long period of time.
The difficulty this presented was to identify the insights that could be transferable to other
designers and researchers, or, separating and interpreting the findings to a broader level than
myself. This was made easier through conversation and feedback from researchers outside the
personal experience of the case study. Therefore, it has been a collaborative process of reflection and analysis on my experiences with my research colleagues and doctoral supervisors in
order to articulate the findings in this dissertation. In other words, although I have explicitly
taken a first-person perspective for this research, I have not been alone in trying to understand
and communicate the knowledge gained.
3.2.2 Wearing wearables
Wearables and smart textiles are ripe areas to engage a first-person, autoethnographic exploration. They offer the opportunity for researchers to wear or live with the technologies they
examine, and gain rich experiential understandings of them (Tomico & Wilde, 2016; van
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Dongen, 2019), as described above. Wearable computing was arguably pioneered through this
approach with Steve Mann’s decades-long commitment to exploring augmented-reality headpieces by wearing one himself since the 1980s (Mann, 1997, as cited by Lamontagne, 2017).
Also, the activity of wearing wearable technologies to understand them makes explicit their
inescapable role as mediators of social activity when placed on the body, personally brought
to my attention by the pioneering work coming from Joanna Berzowska’s XSLabs at Concordia University in Montréal (e.g. Berzowska, 2007; Berzowska & Coelho, 2006), and also Kate
Hartman’s Social Body Lab at OCAD University in Toronto (e.g. Hartman, 2014; Hartman et
al., 2015).
In terms of HCI, there is an overlap with the approach I have taken to wear dynamic fabric in
my everyday life with Neustaedter and Sengers’ (2012) notion of autobiographical design. They
introduced this term in 2012 as a way to formalise the undisclosed practise of using oneself
as a user in design explorations over long periods of time. Several works have engaged this
approach more explicitly since then (e.g. Breuer, 2019; Desjardins & Wakkary, 2016; Höök
et al., 2016) and what this shows is that using oneself can be a way for researchers to navigate
and tune their design sensibilities to the nuance of an experience over time. And, as I hope to
demonstrate throughout this thesis, this can lead to more sensitive, thoughtful, and thorough
examinations of new technologies than can be achieved solely through observation or interviews with other individuals. Certainly, this approach has its limitations and requires “careful,
critical reflection on one’s work processes” (p. 522) as described by Neustaedter and Sengers
(2012), and in some cases it can be beneficial to accompany the approach alongside other
researchers taking a similar journey (e.g. Höök et al., 2016), or to take a duoethnographic approach (e.g. Cifor & Garcia, 2020).
Embodiment, as a closely related conceptual framing, and embodied design methods, which encompass a variety of approaches, are also relevant lenses for first-person, wearables discourse
(Tomico & Wilde, 2016; Toussaint, 2018; van Dongen, 2019; Wilde et al., 2017). Bringing
body-awareness more explicitly into the design process can not only help refine aspects of
wearable concepts through wearing them, but can help conceptualise them from the bottom
up, from the embodied experience (Tomico & Wilde, 2016). For example, Wilde, Schiphorst,
and Klooster (2011), in examining the crossovers of their research, have combined a variety
of body-centric techniques coming from performance arts, interaction design and soma-based
design methods to generate wearable outcomes based on body movements and interactions
with technology, writing:
We design through movement, rather than through the body. This is an important
nuance—we engage people physically, phenomenologically, imaginatively, and creatively
throughout the design process. We use movement as an agent to support and inspire
nonverbal or “extra-discursive” reflection that in turn informs our designs. Our research
privileges the knowingness that emerges from embodied engagement. (p. 22)
Somaesthetics, related to embodied design methods, is another distinct area bringing body
movement to our attention as a way of thinking through body-felt experiences to generate new
insights or qualities for designers to work with. The term was originally coined by philosopher Richard Shusterman, who described the body as the “tool of tools, a necessity for all our
perception, action and even thought” (as cited by Höök et al., 2016; Shusterman, 2012, p. 7),
and has been brought more squarely into HCI discourse by Thecla Schiphorst (2009) and Kia
Höök (Höök et al., 2016). Combining soma (the body) with aesthetics (sensory appreciation)
functions to bring our attention inwardly to the body experience in order to “see” or bring forth
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sensorial experiences difficult to articulate, and work to articulate them. These articulated experiences then become more mouldable (Höök et al., 2016) for design purposes. Somaesthestic
Appreciation (Höök et al., 2016), a strong concept articulated by Höök, emerged from a series
of activities that involved attuning herself and other researchers to the bodily-dimension of
being, iteratively thinking through somaesthetically-charged situations and a variety of sensory
stimuli.
It is important to point out that experiences using embodied design methods and soma-based
practises are not meant to be divorced from their context, assuming one body to be like all
other bodies, or for one body to react the same at all times. It instead is about heightening
body-awareness in different situations—embracing the diversity of experiences, emotions, and
what one’s own subjective experience can bring to the understanding of the new context or
technology at hand. As described by Tomico and Wilde (2016), exploring wearables through
embodied modalities in situated contexts can enrich our understandings of the possibilities of
wearables, writing:
The body is the nexus of experience. The overwhelming seduction of individual sensual
experience can be caused to drift, can even be turned-about when designs integrate
context, an enriched understanding and engagement with material interactions,
enhanced functionality, felt experience, emotions, and social relations, triggered
through context. (p. 5)
This doctoral research has been interested in the social ecology that might surround a technology-enhanced garment, starting with the hypothesis (as described in Chapter 1) that this could
be brought forth through the activity of wearing it in the situated context of my everyday life.
Although this dissertation does not deeply examine the body-felt or body-based experiences
with the dynamic fabric at the level of the embodied design methods described above, it shares
the perspective that attuning oneself to lived experiences, through living them or through experiencing them, can produce design insights for wearables.
Moreover, I would like to connect this first-person, autoethnographic, autobiographical research to embodied design methods through its shared challenge of articulating tacit experiences. Sharing knowledge from my personal experiences with dynamic fabric has not been a
straight line in terms of analysing the experiences and interpreting them into a design research
understanding. It has been a collaborative process with other researchers as mentioned above
(mainly, the co-authors of the published papers included in this dissertation), my own practice
of introspection and externalization through speaking and writing, and an acceptance that
most experiences will never be expressed exactly how they were experienced. As described by
Höök (2010) in her exploration of the body-learning experiences of horseback riding,
Still, the experiences I am trying to describe are wordless, and putting detailed
descriptions of them still fails to cover the complexities and the uniqueness of my
embodied experience. (p. 234)

3.3 Speculative inquiries in HCI
A driving force of my inquiry into dynamic fabric has been to explore it from the socio-cultural context of wearing it without having to make any technological advancements. Dynamic
fabric, as I understood it initially—a colour-changing textile embedded with electronics that
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can be readily cut and sewn into a garment—did not exist when I began this research. None of
the examples or prototypes of dynamic fabric cited in Chapter 2 were accessible to me as a designer in the way that traditional fabrics were (browsable on shelves in a fabric store), nor were
they free of a kind of technological “fiddling” that would hinder my ability to openly engage
them as garment fabrics. So, I engaged an RtD approach with a speculative-design orientation
to “create” a form of dynamic fabric I could freely explore and incorporate into my everyday
wardrobe.
In HCI, speculative inquiries of various forms (e.g. Auger, 2013; A. Dunne & Raby, 2013; Elsden,
Chatting, et al., 2017; Sterling, 2009; Wakkary et al., 2015) have functioned to highlight the social
complexities of emerging technologies in opposition to scientific or market-driven perspectives
in popular media. In the words of James Auger (2014) with regards to speculative design,
[speculative design] incorporates a sociocultural element—the role of fashion, trends,
and human behaviour in shaping everyday life. [It aims] ... to place emerging technologies
into real-life contexts, communicating how these would be manifest through tangible
evidence such as props, videos, images, scenarios, vignettes, and stories. (p. 27)
Mainly serving to provoke discussion, inquire into, or expand the design space of future technologies beyond conventional, uncritical trajectories (Auger, 2013; A. Dunne & Raby, 2013),
speculative design discourse intersects with discursive design (Tharp & Tharp, 2013), critical
design (S. Bardzell et al., 2012; A. Dunne, 2008), design fiction (Blythe, 2014; Sterling, 2009;
Tanenbaum et al., 2012), and design probes in HCI (Boehner et al., 2007).
Within the larger scope of speculative practises taking place in HCI, I would like to highlight
material speculation (Wakkary et al., 2016, 2015) and speculative enactments (Elsden, Chatting, et al., 2017) as closest to my aim of generating experiential understandings of a future
technology. Material speculation is the crafting of counterfactual artefacts, or, material things
designed to be from a possible world yet placed in the actual world of today. The artefacts (e.g.
Hauser et al., 2018; Wakkary et al., 2017, 2018) are ideally situated in the “everydayness of our
world” (Wakkary et al., 2015, p. 105) where the inquiry can then play out. This, as described
by Wakkary et. al, offers “a new ontological perspective that over time makes more visible
assumptions, implications, and possible change” (p. 105).
Speculative enactments can be seen as a more performative version of material speculation,
mainly inspired by Candy and Dunagan’s experiential futures (2017). Participants in a speculative enactment are invited to immerse themselves in the social interactions of a possible future
in a way that is consequential to them. For example, in the project Abacus Datagraphy (Elsden,
Durrant, et al., 2017), couples consult with a “wedding datagrapher” to collect quantifiable
data about their actual wedding, such as their heart rate while kissing, or the volume level of
“peak laughter” at the reception. The implication of this was to accommodate the researcher collecting this information at their wedding, and to have the data published as part of a
concept brochure for Abacus. Inevitably, the tension of placing this speculative future service
within a real event runs the risk of having unforeseen negative outcomes that impact a real
event, but at the same time provides a situated context with which to examine the implications
of such a future service.
Related to material speculation and speculative enactments, I would also like to highlight Hansen and Kozel’s Placebo Sleeve (2007) and Wilde and Andersen’s OWL project (2009), which
both engaged participants to wear technology “placebos”, or, to wear something (objects such
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as a sleeve or other undefinable things) that were not technological but held the idea of a being
technological. Wearers were asked to spend time wearing these placebos and reflect on how
they related to them. In Placebo Sleeve, participants kept a diary of their experience for one
week to explore how the placebo integrated into their daily life. Although these projects were
brief explorations in comparison to the other long-term work highlighted above, they intersect
with the speculative orientation of this research by placing the idea of a technology on the body
to be with it and think with it so as to understand something about it more deeply. I have been
inspired by their use of wearing, imagination and reflexivity to generate and envisage narratives for technologies that do not essentially “work”, or exist.
From this prior work, I hope to highlight the use of present-day, “real” situations to feed speculative scenarios, and essentially bring them to life. This notion has been fundamental in my
examination of a future-based technology, as I strove to examine it in context, without prescribing the details of its use or implications beforehand. I sought a situation that would allow
the dynamic fabric to reveal itself to me, and to do so in a way that was more consequential to
participants (to myself) than previous approaches demonstrated in speculative design or other
speculative inquiries in HCI, which I hope will be revealed throughout this dissertation text.

3.4 Summary
In the previous chapter I introduced dynamic fabric as a wearable technology that requires
investigations that move beyond technical innovations. This research therefore aims to explore
how dynamic fabric might be experienced in everyday life and in fashion-design practise.
In order to do this, I have drawn from a variety of techniques in design-oriented HCI that
together make up the overall methodological approach of this research. To summarise, this
includes taking an overall research through design approach with applied techniques from
speculative design and other speculative inquiries in HCI, while taking an explicit first-person
perspective in the research. This first-person perspective draws strategies from autoethnography, autobiographical design, and also engages in the activity of wearing the wearable technology under investigation, which crosses paths with several strategies and motivations from
embodied design methods in HCI.
The exact ways I have drawn from the above techniques will now be further unpacked in the
next six chapters.
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4 “Can I Wear This?”:
Blending Clothing
and Digital
Expression by
Wearing Dynamic
Fabric
4.1 Introduction
This chapter presents the first paper, “‘Can I Wear This?’: Blending Clothing and Digital Expression by Wearing Dynamic Fabric”, published in 2017 by the International Journal of Design. This paper initiates my inquiry into dynamic fabric by asking What is it like wear dynamic
fabric?
In the following section, I explain how this paper makes contributions towards the broader
context of the dissertation, followed by the paper itself. Video documentation of the case study
described in this paper, Greenscreen Dress, can be accessed here as support material: https://
vimeo.com/284999343

4.2 Contextualising this paper in this dissertation
At the time of writing this paper, my inquiry into dynamic fabric was focused on examining future garments with “digital display capabilities”. I was interested in uncovering the implications
of surface-changing fabrics on day-to-day garment-wearing practices, and to help designers
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anticipate solutions or inspire new design directions. The approach I took to explore this space
was to wear a dynamic, colour-changing fabric in my everyday life. I did not have access to
one that was robust or flexible enough to endure daily wear, nor one that possessed a computer screen’s ability to dynamically change imagery. Therefore, I mimicked these abilities using
green-coloured clothing and a chroma-key app, which allowed me change the surface of my
clothing through a smartphone screen.
In this paper, I offer an autoethnographic account of wearing dynamic fabric using this greenscreen system every day for ten months, and then examine it through the lenses of five themes.
In the paper, these themes offer transferable insights for designers about future dynamic fabrics.
For example, under the theme Choices that Change Clothing Habits, I describe how wearing the
dynamic fabric forced me consider when, where, and why I would change the surface-pattern
of my clothing several times in one day. Or, how under the theme Digital Media Curation and
Control, I became hyper-aware of who had access to my digital outfits, and whether they were
permanent, public digital records or not. My lived experiences with the greenscreen system
worked to draw out the social complexities of wearing dynamic fabrics, that might not have
been apparent otherwise.
The paper also describes a mental shift that took place several months into the study, where
my interactions with the greenscreen system became more “intuitive” as time progressed. I
went from asking myself What can I do with this?, as one might with a new technology, to asking myself Can I wear this?, as one might with traditional clothing when looking in a mirror.
In the context of this dissertation, this mental shift, combined with my accounts of wearing
the dynamic fabric, lay the groundwork for establishing an argument that what I experienced
through Greenscreen Dress was experientially richer than a mere approximation of a dynamic
fabric set somewhere in the future.
Clarification on the timing of Greenscreen Dress
The case study introduced here, Greenscreen Dress, took place over one full year (see Figure
1.5). That is, I wore green clothing in conjunction with a chroma-key app from February 2016
to February 2017. In the following chapters you will see the study referred to as being 7 months
long, 10 months long, and then one year long. These differences are due to the timing of
the writing and publication of these papers. Some were written during the Greenscreen Dress
study and the others afterwards.
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4.3 Paper: “Can I wear this?”: Blending Clothing and Digital
Expression through Wearing Dynamic Fabric
Original publication: Mackey, A., Wakkary, R., Wensveen, S., & Tomico, O. (2017).
“Can I Wear This?” Blending Clothing and Digital Expression by Wearing Dynamic
Fabric. International Journal of Design, 11(3), 51–65.
Role: Main author of text; main researcher/participant in case study described;
framing and analysis of case study shared by co-authors.

Abstract
We explore the future scenario of wearing garments with digital display capabilities, or dynamic fabric, in everyday life. Our study, called Greenscreen Dress, investigates the experience of
wearing dynamic fabric and how this type of garment quality might alter our daily interactions
with clothing and have implications for designers. In the study, we adopt an autoethnographic
approach that materially speculates on dynamic fabric by wearing green every day for ten
months and using a chroma key (“greenscreen”) mobile application to give the garments a
digital display. We reflect on the behavioural and mental shifts that emerge from integrating
dynamic fabric into one’s wardrobe with regards to expression through personal style, fashion
design processes for and with digital content, social acceptance of dynamic displays on clothes
in mass fashion and engagement with digital media for expressive purposes. Broadly, we argue that exploring wearable technologies through the lens of socio-cultural perspectives and
clothing practice, as opposed to material or technological developments, can reveal insights
with regards to the opportunities and challenges of blending clothing with smart technologies.
More specifically, we explore the future notion of dynamic fabric clothing through the act
of wearing dynamic fabric in everyday life and an engagement with digital expression.

Introduction
If garments were to possess a computer screen’s ability to dynamically display colours, patterns,
and still and moving imagery, what might this experience be in everyday life? The very possibility of integrating “dynamic fabric” into clothing challenges many of the norms of fashion.
Key among these is the notion of one garment functioning as multiple garments (Devendorf
et al., 2016; L. Dunne, 2010). In theory, the “ultimate garment” could potentially mitigate the
waste and unsustainability of “fast-fashion”, that is, the cyclical change of fashion based on
trends and seasonal changes of spring and autumn collections (L. Dunne, 2010). Dynamic
fabric offers new forms of expression that combine fashion with digital cultures and which may
alter notions of originality, consumption and identity as currently manifest in “non-dynamic”
fashion. For example, dynamic fabric could merge the social interactions performed through
garments with social media interactions to create hybrid physical and virtual forms of sociality
(Berzowska, 2005; Devendorf et al., 2016; Loschek, 2009). In short, wrapping our bodies in
dynamic and sophisticated visual digital content could be disruptive for fashion.
The prevalence of dynamic fabric could be equally disruptive for those designing or researching
wearable technologies and smart fabrics and also for the broader disciplines of human-computer interaction (HCI), graphic design, textile design, fashion design and social media. It
would bring the digital to a new level of intimate, material and social relations with our bodies.
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As innovations in smart fabrics continue, it will be increasingly important for designers to
consider the convergence of the social functions of technology with the social functions of
dress (Buechley et al., 2008; Devendorf et al., 2016; L. E. Dunne et al., 2014). Dynamic fabric
has the ability to draw from the digital world while existing as worn material in the everyday
physical and social worlds. For researchers and designers, this implies that the digital will be
brought squarely into the realms of embodiment, daily life, and social and cultural audiences.
It is well-established within fashion that clothing functions as an important and necessary
social tool that acts as an interface between our bodies and society (Barnard, 2014), Umberto
Eco (Eco, 1986) writing that, “in imposing an exterior demeanor, clothes are semiotic devices,
machines for communication” (p. 195). In this light, explorations into dynamic fabric and
wearable computing will need to anticipate the socio-cultural implications of identity and audience. Further, the dynamics of daily living on such an intimate basis with digital technology
will reveal distinct opportunities and challenges as important as the technological developments that enabled them.
We approach these notions through Greenscreen Dress, an autoethnographic study focused
on the wearing experience of dynamic fabric in everyday life. To approximate this, over a tenmonth period the first author incorporated the colour green into her wardrobe on a daily basis
and captured still and moving images of the garments inscribed with changing digital content
using a live chroma-keying smartphone application (iDevMobile Tec., 2015) (Figure 4.1). The
central activity of the study is wearing visual digital content to “try it on” and through this
to explore the interplay of clothing expression and digital expression as it relates to personal
identity and style, combined with daily interactions with garments.
Findings from the study are examined through the lens of the researcher’s daily acts of wearing
dynamic fabric, and interactions with digital expression (expressive capabilities through digital
media). The paper offers several insights. We explore the practical and expressive opportunities and challenges in integrating highly functional fabrics into one’s wardrobe, the integral role
of an audience in exploring wearable technologies meant for personal fashion, negotiations

Figure 4.1. Live
demonstration of
chroma-keying smartphone application
(iDevMobile Tec.,
2015) used in Greenscreen Dress: Here we
see composited digital
content onto a bright
green dress.
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made between the digital qualities and physical qualities of dynamic fabric, and questions that
arise surrounding control and authorship of digital content that is “worn”.
In this article, we discuss related research, design and artistic work in the area of dynamic fabric as well as the motivations of our research, which derive more broadly from the practice of
wearable technology design aimed at mass fashion. We describe our study and its focus on the
first-person accounts and findings of the Greenscreen Dress activity. The study contributes an
account of the experience of wearing dynamic fabric situated within a contemporary fashion
dialogue. We conclude with a discussion about the body and the act of wearing, and the value
of exploring future wearable technologies within a social ecosystem rather than from the limited perspective of technologies and materials alone.

Background
Related Literature
In this article, we engage with the concept of dynamic fabric as a textile with computational
input, which enables changes to its visual appearance for aesthetic, communicative and expressive purposes. In 1985, Harry Wainwright developed a sweatshirt with integrated fiber-optics
and a micro-processor to control animations displayed on the fabric (Guler et al., 2016). He
went on to hold numerous patents in this area for custom apparel and toys (Guler et al., 2016).
In the late nineties and early 2000s, there was significant technological exploration into embedding LEDs and thermochromic inks within textiles and various conductive materials (Berzowska, 2004; Orth, 2004; Orth et al., 1998; Seymour, 2008). Researchers, artists and designers
such as Maggie Orth, Joanna Berzowska and Sarah Taylor created custom textile swatches, full
tapestries and full garments that could change colour and pattern, exploring what was aesthetically and technologically possible. Following these explorations have been further refinements
of both the technological and expressive possibilities of these approaches in the form of prototypes and custom textiles (Worbin, 2010), custom-made artistic, high-fashion or entertainment-related animated garments. Examples include the Philips’ emotion-sensing illuminated
Bubelle dress (Philips Design, 2006), Moritz Waldemeyer and Hussein Chalayan’s animated
LED Dress (Chalayan, 2007), Valerie Lamontagne’s (2005) series of colour- and light-changing
dresses using real-time weather data and more (e.g. Berzowska & Skorobogatiy, 2009; Rosella & Genz, 2005). There have been numerous short-run or low-volume commercial product
releases like the Philips Lumalive e-textile garments (Harold, 2006), illuminated garments by
fashion companies CuteCircuit, MOON Berlin and Utope (Berglin, 2013; Rosella & Genz,
2005) and smartphone-controlled animated e-ink shoes and jewelry made possible through
crowd-sourced funding websites (e.g. Kovacs, 2015; Coelho, 2016).
Within the last five years dynamic fabrics that combine physical-virtual means, as in augmented- or mixed-reality technologies have appeared in fashion collections. For instance, the design collective Normals in 2012 and designer Marga Weimans in 2013 both presented clothing
with markings that a smartphone application could recognize to generate large geometrical
patterns surrounding the wearer (Normals, 2012; Weimans & AugmentNL, 2013). Also, there
have been speculative design films depicting scenes with augmented-reality fashion such as
Song of the Machine by Superflux (http://superflux.in/work/song-machine) and HyperReality by Matsuda (Matsuda, 2016; Superflux, 2011), which add new possibilities to the concept
of state-changing or responsive textiles. The 2002/2003 Bluescreen collection saw the Dutch
luxury fashion house Viktor & Rolf project landscapes, street traffic, sky and clouds onto their
garments as models paraded on the catwalk (Loschek, 2009). Video-mapping projections have
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now reached a technical sophistication whereby pop-music celebrities like Carrie Underwood
in her 2013 Blown Away Tour and Jennifer Lopez in 2015 on the television show American
Idol have performed with video-animated dresses. Also, in 2017 companies like Nike are using
video-mapping in their live retail experiences by projecting moving images onto running shoes
(SmartPixels, 2017).
The common thread linking these examples is the desire to experiment with, develop and
speculate on wearable applications for flexible, fabric-like surfaces that can be visually transformed through computation, all valuable contributions to an emerging field that is not yet
widely applied. Our research into dynamic fabric does not attempt to make prototypical, artistic or technological contributions, rather we anticipate the wearing experience of dynamic
fabric in an individual’s wardrobe over time, something not previously undertaken. Differentiating our research from previous work is the aim of Greenscreen Dress to explore the ways in
which dynamic fabric might or might not fit into daily life, have implications for mass fashion
or the fashion design process.
We see the everyday as a space to explore the evolution of new products or systems that could
potentially fundamentally change how we already do something, in this case, how we wear
clothes. We are motivated by the autoethnographic approach and the contribution of Steve
Mann (1997) in exploring wearable computers and Andrea Zittel (1991) towards new modes of
living with regards to clothing, furniture and food. In terms of HCI, we recognize the value of
Neustaedter and Sengers’ (Neustaedter & Sengers, 2012) concept of autobiographical design,
which they define as “design research drawing on extensive, genuine usage by those creating
or building the system” (p. 514) and which is exhibited through other works (Desjardins &
Wakkary, 2016; Gaver, 2006). We have also been inspired by Hansen and Kozel’s (2007) notion
of embodied imagination, which is “less concerned with getting input for a concrete design
proposal than it is with integrating the body directly into the loop of design iteration in an open
ended way” (p. 210), as demonstrated through their project Placebo Sleeves.
The value of considering socio-cultural perspectives of fashion towards personal identity and
communication has often been described in academic literature about smart textiles and wearable computing design (Berglin, 2013; Devendorf et al., 2016; Dunne, 2010; Dunne et al.,
2014) with very limited exploration into its social reception (L. E. Dunne et al., 2014). We
draw details and insights from Susan Elisabeth Ryan’s (2014) book, Garments of Paradise,
a critical study of wearable technology that considers the cultural context of and theoretical
debates in the field. We highlight the important element of performativity within fashion that
Ryan describes and which we demonstrate through this study of use. Furthermore, we frame
our findings and discussion within fashion theory as written about by cultural and fashion
theorists Malcolm Barnard (2014) and Ingrid Loschek (2009).
We have been inspired by Devendorf et al.’s (2016) concern with the complex nature of personal style within the context of the computer-human interaction field, investigating how clothing
and fabrics affect meaning and perceptions of identity among a web of associations with other
meaningful things. The novel textile display technology they developed, called Ebb, was used
as a probe for fashion designers and non-designers to describe how they might integrate dynamic-display textiles into their practices or personal style. Created using traditional weaving
and crocheting techniques combined with conductive threads and thermochromic inks, Ebb
presented a slow, low-resolution color-change in textile swatches, which evoked positive reactions from participants. Interviews with the participants included a variety of unique and
detailed descriptions of how this kind of dynamic, clothing-based display could be used in
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daily fashion. Our research explores similar questions to Devendorf at el. around what it might
mean to wear dynamic fabric in everyday life, but differs in its focus on the role of the body,
act of wearing, audience and engagement with computer and smartphone screens as conduit
for digital expression. This study thus moves into a new space of speculation, whereby the
outcome is based on a genuine social context over a relatively long period of time (Mackey et
al., 2017).

Greenscreen Dress Study
Motivation and Context
Our inquiry into what it might mean to wear clothing-based, dynamic display fabric in everyday life was driven by the first author’s previous experiences using wearable technologies
and smart fabrics in her eight-year practice as a fashion designer. Throughout this time (20072015), she observed a predominant techno-centric approach in the industry in the development of such garments. She identified a gap in the understanding of the social ecology of
fashion, seeing this as the main reason for relatively low product adoption beyond other commonly cited causes such as production costs and the feasibility of manufacturing (L. Dunne,
2010; Ryan, 2014). This study began as an experiment to uncover what value can arise from
approaching the development of new wearable technologies and smart fabrics with a focus on
the act of wearing in everyday life with minimal concerns for the technology itself.
Dynamic fabric was chosen as the subject for exploration for this approach, firstly because of its
expressive potential and secondly the enthusiasm for it coming from smart fabric communities as
outlined in the Related Literature. Without access to this fabric in a form that possesses the visual
capabilities of a computer screen, combined with the physical form of a clothing-grade textile, we
mimicked these qualities using a “greenscreen” chroma-key system. Other systems were investigated to simulate an experience of dynamic fabric that could be worn every day, such as flexible
e-ink displays or interchangeable panels of paper that could be quickly printed on with an inkjet
printer. However, these approaches either posed too many practical and technical challenges,
or limited the possibilities for interacting with digital content and aesthetics. In wearing green
fabric, we were able to collect, design and project digital content (colours, patterns, shapes, text,
still imagery and videos) onto a garment’s surface quite easily using an off-the-shelf chroma-key
application (iDevMobile Tec., 2015) on a smartphone. The application allows for live virtual
compositing of any videos and images stored on the smartphone on the green fabric (Figure
4.1), functioning like many augmented reality (AR) technologies to date. Being able to access any
digital content capable of being displayed on a smartphone screen broadened the possibilities for
digital expression where e-ink, static printed images or LED grids were limited.
Recording this experience using autoethnographic methods over ten months, the researcher
incorporated green fabric into her daily wardrobe and regularly changed the digital content
of the green clothing throughout the day. She posted the resulting pictures and videos of the
digitally-altered garments on Instagram, a social media platform based on image and video exchange and chosen for its popularity within art, design and fashion communities. This choice
allowed the digital versions of the garments to be “worn” and have an audience, as well as to
exist within a social ecosystem with an established fashion dialogue.
Furthermore, she interacted daily with colleagues and acquaintances who understood the
green she wore as “active”, or holding the ability to visually present digital content. These interactions lead a small community to participate in the study through workshops, play, dis53

cussion, reflection and personal use of the system. The same occurred on Instagram, where a
community of 263 followers discussed the videos and pictures she shared. Over ten months,
the researcher posted 159 images and videos on Instagram, with approximately 6500 images
and videos of garments or digital content left “unworn” on her smartphone.
Throughout this article, we refer to this cycle—the collecting of or assembling of green garments to be worn, wearing these green garments, collecting digital content, “wearing” the
digital content, and presenting selected garments on Instagram—as the greenscreen system. We
refer to the study as Greenscreen Dress, but there is no one dress, nor is it a prototype. Greenscreen Dress is a system for exploiting green garments using chroma-key within a digital ecosystem. Greenscreen Dress is a material speculation inquiry described by Wakkary & Odom et
al. (Wakkary, Odom, et al., 2016) as “the mediating experience of specially designed artifacts in
our everyday world in order to speculatively and critically inquire through design” (p.45). The
dynamic fabric is never truly tangible within the study, but an experience of it exists through
the greenscreen system. The tension created in the study between the research aim to explore
future visions of dynamic fabric without it existing while somehow still living an experience of
it in daily use offers a unique perspective from which to speculate (Mackey et al., 2017).
The insights that emerge from the study were extracted and analysed using autoethnographic methods. Autoethnography worked well as a qualitative research approach in its aim to
describe and “systematically analyze personal experience in order to understand cultural experience” (Ellis et al., 2010). By using principles within autobiography and ethnography as a
method, results were in both process and product.
As part of the autoethnographic method, over ten months the researcher kept research memos
of her experiences using the greenscreen system. She recorded anecdotes, personal thoughts
and reflections about the struggle to integrate green into her wardrobe, how others perceived
her activities, how she chose to make decisions about what she wore and what elements altered
these decisions. The researcher adopted the first-person perspective of a wearer and performed
in the role of fashion designer in the creation of some of the green clothing and digital content
used in the study. Periodically, she developed high-level reflections from the research memos,
followed by group analysis with the second authors to identify themes that provide insight into
future implications for dynamic fabric.
These insights and themes are the findings of one researcher and her experience of wearing
dynamic fabric in everyday life. The findings provide a qualitative investigation into wearing
dynamic fabric with the potential to be transferable in qualitative research terms to the future
development of dynamic fabric. Our aim is to demonstrate by example the rich detail that this
kind of autoethnographic approach can provide for a technology that either does not yet exist
or is not yet accessible within mass fashion. We see the most valuable insight to be the potential
difficult in accurately predicting the extremely personal uses of a smart technologies for fashion before it has been adopted over a long period of time as demonstrated by the consistently
unexpected outcomes that occurred throughout this study. The findings suggest that personal preference, social interactions, and the repetition and volatility of daily life will ultimately
guide the new technology into its final forms.
First-Person Accounts of Wearing Dynamic Fabric
The following summary of Greenscreen Dress is written in first-person by the first author, the
content and reflections being extracted and summarized from her research memos written
over ten months.
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Wearing Green Clothes Every Day: The Ultimate Dress
The study began in February 2016 with wearing the same green dress every day for two weeks.
I liked the style of this dress and hypothesized that if periodically washed and dried overnight,
it would be “the ultimate dress” (Figure 4.2a). I imagined that because it could be completely
transformed to have a new pattern or colour through the chroma-key app, there would be little
reason to consider wearing anything else. However, during the first week of the experiment, I
observed that my personal style had been compromised. What I was physically wearing was
still based in the reality of clothing situated in the interactions of my daily life at work, in public
and at home. I still desired new textures, new silhouettes and other kinds of variety in order to
feel “myself.” Because an important element of the research was to base the exploration in a real
sense of personal style, it was important that what I wore as physically seen by those around
me was not seen as a sort of artistic performance, but as a person wearing relatively “normal”
clothes. I also observed that being completely covered in the green fabric from my neck to my
knees was too strong in that I felt overpowered by the complete digital transformation of most
of my body. Some days I only wanted a pocket or collar that was green, a green-striped print
or just green pants. I also sometimes wondered if being entirely dressed in such a bright green
was conjuring cultural associations with Irish leprechauns or a walking green bean and that no
one around me was telling me this.
Green Wardrobe
What followed over the subsequent
months was the collection of 20 or
more garments – bought new or secondhand – each completely different
in texture, style, shade and amount
of green (Figure 4.2b). Each garment
reacted differently through the chroma-key application. Some greens
keyed-out (were replaced by digital
content) seamlessly, creating a flat,
one-dimensional interpretation of the
digital content. Pastel and dark greens
keyed-out in surprising ways that presented the digital content as faded or
“grainy.” Sheer green fabrics were also
able to hold the digital content while
still allowing physical artifacts to be
seen behind them (Figure 4.3).
The collection of garments not only
included the gathering of green garments, but also of other differently-colored garments to provide pieces
that paired well with these greens.
This meant that many of the garments
I already owned could be used to pair
with the green, but many could not.
Grey, for example, never seemed to
“go well” with the bright green colors
whereas black and navy blue did. I thus

Figure 4.2. Samples from green wardrobe: (a) original green dress worn
for the first two weeks of study, (b) example of expanded green wardrobe
with and without digital content. Darker greens are shown holding faded
versions of the digital content compared to brighter greens. The white
shirt with red, blue and green flowers only holds hints of the digital
content within the hints of green.
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Figure 4.3. Sheer, pastel shirt:
Examples of a shirt that is
made from a sheer fabric. The
shirt is a solid, pastel green
colour. The researcher is wearing it over a navy blue dress
with white polka-dots. Each of
these images shows the shirt
with different composited digital content while still retaining
it transparency.

often paired the green with black and navy blue. With weather changes from winter and spring
to summer, I had to find new green clothing to account for seasonality.
To summarize, the task of wearing green daily moved from wearing one green dress for two
weeks to collecting, experimenting with and pairing green garments consistently over the remaining nine and a half months. The resulting wardrobe was a product of rebuilding my personal identity through clothing that confronted the constraint of green fabric and allowed for
the chroma-keying action to happen. Irrespective of the virtual versions of the garments, the
wardrobe was highly sensitive to practical and social elements as physically encountered in my
daily life.
Wearing Digital Content: Live AR and Selfies
The chroma-key app worked in such a way that any video or image stored on my smartphone
could be used to key-out the green fabric. Still images and videos could be experienced in
real-time on the green fabric through the smartphone screen, as in augmented reality (AR). In
this way, the system acted like a “live Photoshop.” (Figure 4.1)
In the first few days of the study, I was unsure about how I would frame and plan the pictures
of me wearing digital content, but I committed myself to the task of completing at least one
picture a day. I also felt uncomfortable with the idea of taking pictures of myself, so I instead
approached colleagues using the excuse of demonstrating my experiment to them as a way
to take selfies with other people (Figure 4.4). It took many weeks before I began feeling comfortable taking pictures of myself alone. The digital content I used was the default still images
stored on the phone that came with the application. Typically, these were images of trees and
sky in landscapes, because the application was designed for filmmakers wanting stock backgrounds (Figure 4.4). To make it more personal, my next step was to search online for images
of textile-like patterns. I downloaded sets of graphic patterns I liked, such as black and white
polka-dots, rainbow stripes and a houndstooth pattern. After one week of using these two
sources for digital content, and using them only in this “demonstration-selfie” mode, I felt I
was not representing my personal style adequately. I perceived the process mostly as a gimmick
or party trick (Figure 4.4). I was not satisfied.
I next experimented with framing images of my arms, torso and legs, as well as traditional selfies with just myself in the picture. I also experimented with capturing pictures and videos of
the physical things surrounding me, such as the texture of a wall, an image from a book, or the
moiré-effect of the smartphone camera capturing a computer screen, to wear and explore how
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Figure 4.4. Selfies: Selected selfies taken with colleagues in first week of study wearing the same green dress.

they appeared on the garments. In an effort to consistently generate interesting juxtapositions
for my Instagram posts, I observed that when sitting at my desk, the background of books and
cupboards mostly detracted from the overall aesthetic expressions I desired. I felt these backgrounds were ugly. Achieving something I liked with novelty and variation required exploration of my environment, neighbourhood, home city and other cities. Activities such as walking
and bicycling, travelling and planned or spontaneous socializing with friends, colleagues and
strangers were the best moments to inspire a new digital outfit. I often thought about how I
could not get interesting pictures unless I got up from my desk.
Over the following months, these activities led to a heightened skill and understanding of how
to use the smartphone camera and the application as a kind of visual- and audio-mixing tool
for abstract expressions through the green garments in various environments. As I became
better at this system, I became more satisfied with the personal expressions I was posting on
Instagram. I began wondering less about what was technically possible to wear using these
tools and more concerned with whether I was making the right style choices for myself.
Virtual Closet
I stored the videos and images of “things to wear” in a folder on my smartphone called “Patterns,” (Figure 4.5) because I thought of them in the same way that I thought of patterned
fabric. Most of the digital content I wore over the ten-month period came from images and
videos in this folder, which contained 1396 files captured from my surroundings. In this way,
the folder acted as a digital version of my closet, which held patterns I wore or hoped to wear.
Over the entire period, the most I wore repeat patterns on Instagram was three times. The
range of time between capturing an image and wearing it spanned from instantly, usually for
site-specific images, to many weeks later.
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Figure 4.5. Abstract patterns in motion being worn
by the researcher from “Patterns” folder. Each image is
a still captured from a video: (a) a video of raindrops
if recorded onto a fabric with green polka dots giving
them a shimmering effect. The researcher wears these
shimmering polka dots on her shirt three days later,
(b) a video of the sky reflecting in the water near where
the researcher works. The researcher wears this video
in the green stripes of her skirt blowing in the wind the
next day, (c) an abstract video mixed on the researchers’
smartphone using pink bubble wrap. Three weeks later
the researcher attends an art exhibit whereby a green
light passes over her face and she “wears” the bubble
wrap video on her face using the green light.

A dominant theme in my personal-style habits was to choose to wear abstract imagery as
opposed to representational images. In the beginning, I mostly favoured posting still images
of the digital garments, but after several months favoured posting videos—I preferred
wearing abstract imagery that was in motion (Figure 4.5). I felt these expressions were the
most interesting for me and others to see. However, in the fourth month I entered a new
expressive stage where I wanted to reveal an alternate side of my personal identity and began
intermittently posting images that were more representational: screen-like imagery, such as
a dancing bunny, blinking eyes or a cowboy riding a horse. Much like wearing a T-shirt with
a representational graphic on it, which I rarely did in everyday life, these expressions did not
necessarily represent anything specific to me, but were selected as a personal style choice for
how I was feeling in the moment. I mostly wore the abstract imagery, but sometimes desired
something completely different such as these screen-like expressions.
To summarize, the digital content that I chose to wear went through different stages of trial and
error and exploration. Through consistent use, I transitioned from a “gimmick phase” to eventually finding a style that suited my personal tastes (Figure 4.6) and a method for attaining it.
For reasons related to expression and depth of personal identity, I occasionally stepped outside
these habits to “try on” new things.
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Audiences: Wearing within the Social Ecosystem
Only colleagues, friends and family members intimately aware of this study recognized the
greens I wore as “active” and were able to experience the live, AR versions of the clothing
through my smartphone. Mostly, this awareness provoked a heightened attention to what I
wore each day and sometimes a question like “Oh, you’re not wearing green today?” would
bring attention to this. I would respond by pointing to the subtle green leaves within the pattern of my shirt, or the green hue in my “blue” pants. Several times, a colleague or friend
would comment to me in person that they liked what I wore on Instagram: “That one was my
favorite.” These kinds of comments could have enormous influence over the future course of
my digital dressing. Positive, in-person reactions sometimes led to repeat actions to attain a
similar look.
Many of my colleagues had downloaded the same chroma-key application on their smartphone
and experimented with the system themselves. One colleague intermittently photographed me
when he felt inspired and placed what I perceived as unfavorable digital content on my garments. For example, in one image the colleague “dressed” me in a screenshot of his smartphone
home screen, another time in an orange tie-dye pattern and later a cartoon monkey (Figure
4.7). Where I initially thought I would have complete control over what I wore, I experienced
unanticipated issues of control through these interactions. I observed that my transition from
the original all-green dress to a wardrobe containing varying amounts of green was one way
of “protecting” myself from these kinds of “digital attacks.” If the green I wore was subtle, or

Figure 4.6. Selected images and video stills from Instagram of the researcher virtually wearing digital content composited onto her green
clothes.
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Figure 4.7. “Digital attacks”: A colleague composites unwanted imagery onto the researcher’s green garments without her consent using the
chroma-key smartphone application.

existed only as pieces around my body (a cuff, a scarf, or in a textile pattern of polka dots or
flowers) it was more difficult for another person to dress me entirely in what they wanted. I also
spoke to my colleague about how I did not like the images he was taking of me. From this point
onward, he became more sensitive to me and asked before making an image public.
On Instagram, different communities received the garments in a variety of ways. Early in the
study when I was unfamiliar with the platform and still attracting followers, I received “likes”
and comments from people I already knew in daily life. As time passed, I learned to more intuitively navigate the Instagram social system and find connections with others through my posts.
In the circles of users that I followed, I learned how to use a similar tagging language and build
upon shared aesthetic preferences. I gained followers from AR communities, digital art, wearable technology, fashion and other special interest groups such as those with similar aesthetic
associations to the tags #spacesynth and #glitchart. Some followers engaged in private discussions with me about whether the fabric I was wearing was “real” and how they could attain it.
Other followers started discussions with me about future collaborations, not interested in the
technological side of what I was doing, but in the artistic and expressive qualities of the results.
To summarize, the physical and digital versions of the garments were encountered by a variety
of people in a variety of contexts. Some interactions involved only the green garments, only the
digital garments, or hybrids of both. A general theme for these encounters was the “testing” a
look in front of others to see how it was received. Although I never received negative feedback,
positive reactions and engagement fed and influenced future choices of dress.

Findings
In this section, we present a list of findings related to the implications of future dynamic fabric.
These findings are outcomes of a qualitative first-person study and are generalizable in the
sense of qualitative research, meaning that we view them to be transferable to similar situations
or settings like the possible future of dynamic fabric. They include: 1) Choices that change
clothing habits; 2) Need to consider material qualities that are not digital; 3) Social lives of
dynamic fabric in social media and everyday life; 4) Digital media curation and control; 5)
Wardrobe choices for digital and physical worlds. These insights are grouped under two broad
themes: Wearing Greenscreen Dress and Considering Digital Expression. The goal of presenting
the insights under these themes demonstrates respectively the value of wearing in the wearable
60

technology design process and the need to consider digital expression when working with a
technology that uses or draws from digital content.
We arrived at these findings by analyzing the autoethnographic research memos. What
emerged were two overarching themes under which the findings have been organised. Additionally, there are different perspectives that could be analysed within Greenscreen Dress.
There is the researcher as a wearer and as a designer, and there are the people around her in
everyday life and virtually on social media at different levels of engagement. For the discussions within this article, we draw only from the first-person perspective of the researcher as a
wearer and a designer.
Wearing Greenscreen Dress
The activity of wearing in this study sheds light on a useful step in the smart garment design process, revealing opportunities and challenges of a wearable technology concept within
clothing practices. Previously, we discussed the theoretical value of taking a body-centric approach—wearing—towards exploring the potential of dynamic fabric, or any new smart textile
or wearable technology proposed for wear in daily life. What we mean by wearing could start
with a simple “trying it on,” where a considerable amount of knowledge can be gained. But
when the process moves into the incorporation of the smart garment into everyday life, new
variables are introduced that have undeniable implications for the outcome and understandings of the proposed technology. In the space of the everyday, clothing-wearing rituals and personal fashion habits begin to challenge the smart-garment concept. As Ingrid Loschek writes in
2009 in her book When Clothes Become Fashion: Design and Innovation Systems:
[I]nnovations in the audiovisual and electronics media have altered our experience of
time and space, but this acceleration and destruction of space have not yet altered the
aesthetics of fashion ... Wearable electronics, clothes with alternating colours or colours
that change with the onset of night-time, real-time projections on clothing, inflatables
or other clothes that change their form are largely still perspectives of the future. The
question is whether and how rituals and dressing behaviour have altered as a result of
the electronic media due to their own temporality, or how much they will alter in the
future. (p. 152-153)
Below we reflect on selected behavioural and mental shifts that took place within the researcher’s
daily life with regards to her personal style and clothing habits due to the act of wearing dynamic
fabric. These reflections attempt to answer the questions What changes take place in daily life to
accommodate these new kinds of garments? and What is it like to wear dynamic fabric?
Choices that Change Clothing Habits
A finding of Greenscreen Dress was that the experience of dynamic fabric presents wearers
with an abundance of choice related to personal fashion. In the study, the researcher was confronted with a new ability — to collect, choose and virtually alter the façade of her green
garments at any time throughout the day. Typically, one completes their dressing ritual at the
beginning of the day, confirming their choice in a mirror before leaving their home. Rarely is a
wearer expected to consider changing their clothes after this.
For the researcher, this new ability confronted her with making many decisions throughout
the day about her style. If she could wear anything on the surface of her garments, what would
she choose to wear? If she could change it at any time, when would she change it? When would
the decision take place? Would she pre-plan her wardrobe ahead of time or would it emerge
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spontaneously throughout the day? There were no preset social rules for how to react to this
onslaught of new wearing choices.
The habits that the researcher settled into were a result of many months of experimentation. To
summarize, she negotiated what she wore with the technical abilities of the system (capturing
digital content from her surroundings using her smartphone camera or collecting it from the
Internet) with her personal preference for abstract imagery and how she felt the outfits worked
in conjunction with the aesthetics or context of her surroundings. She carried digital content
around with her in a folder labeled “Patterns” on her smartphone and primarily drew from
this when composing a new digital outfit. She always allowed inspiration and spontaneity to
dictate when a digital version of a garment would occur and never pre-planned them, however
committed she was to generating at least one a day. She discovered that sitting stationary rarely
inspired these outfit changes. Therefore, she came to associate activities such as local commuting, long-distance travel, exploration and socialization as prime moments for changing the
digital content of her garments and consequently sought them out.
It took many months for the researcher to fall into a cycle where these habits could be identified and acknowledged by the researcher. She describes herself as becoming more skilled with
the greenscreen system, suggesting that at some point she reached a comfort level with its
integration into her daily life. The long period of time spent wearing dynamic fabric allowed
the researcher to enter and leave at different phases. For example, the researcher reflects that
the beginning of the study felt like a gimmick or party trick. In this phase, she found it difficult to communicate her personal style and use the system as it was intended. Consistent use
and exploration brought it to the next phase where she felt “style” was beginning to happen.
Partly influenced by her own design instincts, the aesthetic sensibilities of her Instagram audience and the context of people and things physically happening around her, she became more
skilled at welding the system to her desires, entering stages of heightened personal expression.
The reflection that it took time to make personal sense of and become skillful with the greenscreen system arises from this particular study, however it could be readily imagined in similar
navigations of hybrid virtual and physical identities in more everyday contexts.
When the system reached a level of being more intuitive, the researcher describes a mental
shift where the main questions she had been asking herself each day changed. Originally, she
asked herself, “What can I do with this?”, meaning What is possible with this technological system? Later, as this became clearer, the question she asked was closer to, “Can I wear this?”
Much as we ask ourselves when standing in front of a mirror at a shopping mall or at home, the
system revealed itself to have entered into her subjective, everyday fashion language, this consciously and unconsciously considering what she believes she is communicating to the world
through her garments about who she is. Asking, Can I wear this? shifts the focus of inquiry
from a growing list of what is possible to what is plausible, given a particular social context and
fashion dialogue.
Need to Consider the Material Qualities that are not Digital
Another finding of the greenscreen system is that future versions of dynamic fabric will possess
physical material qualities that must be negotiated within different wardrobe contexts. The
green fabric within the greenscreen system acted as a stand-in for a constrained set of material
qualities that any new smart or technical textile would be subject to. Where the “off-state” of
a future dynamic textile could be, for example, the colour white with a thick waffled texture,
the colour green in this study was the dominant material quality accommodated by the researcher’s wardrobe. If dynamic fabric is envisioned to become an everyday fabric, its physical
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characteristics will play a role in its success or failure to pair with other garments, textures and
accessories in a wearer’s wardrobe.
The colour green in this study was considered a wardrobe constraint both fashionably and
practically by the researcher. Many items that she previously wore could not be worn in her
judgment where they did not pair with green (e.g., the colour grey). Furthermore, the researcher’s personal style-needs quickly called for more variety beyond the solid bright green colour
she first wore. She desired new textures, shades and varying amounts of green to balance her
personal style with her perception of contemporary fashion expectations. The change of seasons also introduced practical concerns related to weather. This required the green garments
she wore to pair with functional garments for warmer or cooler climates, or required her to
find functional garments in green. The researcher was confronted with these challenges in the
relatively short time of two weeks, seeing her change from wearing the original all-green dress
to a wardrobe that incorporated green in varied amounts, shades, textures and functionalities.
The rapid growth of her wardrobe challenges predictions that dynamic textiles will lead to less
consumption of clothes (Devendorf et al., 2016; L. Dunne, 2010), highlighting our desire for
garment material qualities beyond their surface colour or pattern.
The green colour constraints extended beyond the physically encountered versions of her wardrobe. When the researcher states that she often paired black or navy with the greens she wore, this
also implies that the digital content she chose to wear must also pair well with these colours. The
variety of digital content she could now wear, in theory, also became minimized by the material
constraints, in this case pairing with black or navy. At a minimum, these negotiations highlight
the complexity of the expectations and language of contemporary fashion. The obstacle of pairing the inherent material qualities of the dynamic fabric with other garments both physically and
virtually can help dynamic fabric developers foresee the challenges and opportunities ahead.
Considering Digital Expression
What does it mean to combine the digital world with the physical world? Digital expression,
which we loosely define in the context of this article as the individual or collective expression
of identity, culture, thoughts, moods or emotions through the use of digital media and computation, has been building a kind of visual and auditory language through its own set of aesthetic
references since the dawn of digital machines, gaining momentum in the second half of the
twentieth century. It can be thought of as the cultural phenomena that uniquely or predominantly exists through digital media as broad as electronic music or as specific “LOLcat” memes.
When envisioning the adoption of dynamic fabric into everyday dress, it seems unavoidable
to imagine a collision of contemporary trends in digital expression with that of the contemporary trends of physically-encountered fashion. If we propose to “plug-in” our garments to the
Internet, giving them at a minimum the display capabilities of a computer screen, social acceptance and interactions on both ends will be challenged and renegotiated. Below, we reflect
on selected behavioural and mental shifts that took place for the researcher in the Greenscreen
Dress study when negotiating her personal fashion with the introduction of digital expression.
Social Lives of Dynamic Fabric in Social Media and Everyday Life
A finding using the greenscreen system is that dynamic fabric social etiquettes will evolve in
two worlds — social media and everyday life. As these two worlds continue to blend, etiquettes
will adapt. In the paper entitled “I Don’t Want to Wear a Screen”: Probing Perceptions of and
Possibilities for Dynamic Displays on Clothing”, Devendorf et al. (2016) conducted interviews
with potential dynamic fabric wearers and designers and found that participants had nega63

tive associations with screen-based displays. The quality disliked most was the light emission,
described as “‘jarring’ and distracting, like billboards or neon signs” (p. 6034). The dynamic
textile they developed, Ebb, was seen as successfully avoiding these negative associations because of its non-emitting, low-resolution and slow nature. Their research suggests that screens
are synonymous with speed and high resolution and that these qualities were seen as bad and
distracting by potential wearers. As the title suggests, they did not want to wear imagery typically associated with screens.
Greenscreen Dress was not able to directly field-test these findings due to the limitations of the
greenscreen system; the researcher could not “wear” digital content in the physical world and
therefore could not gauge whether onlookers would find it distracting. However, we can see in
her description of the digital content that she chose to wear that she preferred abstract imagery
over representational “screen-like” imagery, stating she was influenced by the aesthetics of the
Instagram communities posting abstract expressions with the tags #glitchart and #spacesynth.
To a certain extent, this strengthens the argument of Devendorf et al.
However, what we also observe from the researcher’s description is that in the fourth month
she began diverting from this habit, occasionally wearing representational, “screen-like” digital
content such as a dancing bunny. She also states that she switched from favouring still imagery
to favouring moving digital content. This demonstrates on a small scale that tastes can to shift
and change. There will be phases that a wearer will enter and leave, motivated by personal
tastes and influenced by the contexts around them. We challenge Devendorf et al.’s message
that we do not want to wear screens without considering the process of how fashion trends
occur over time, without studying the wearing behaviour of the proposed wearable technology
and exposing it to a genuine audience. Loschek (2009) describes how articles of clothing themselves are not “fashion”, but rather that it is their acceptance into society or a community which
gives them this distinction. She further states:
The definition of when clothes become fashion originates from the observer. Fashion is
defined not by the object, clothing, but by observation — that is, by the signal and the
recipient, the observer and the observed. (p. 147)
In this way, we see the act of wearing in front of a genuine audience as the first step for predicting,
or trying to understand the potential for something to become part of fashion or not. We argue
that it is the nature of fashion for preferences and social acceptance to change or be formed by
their social context, making any fixed ideas about future preferences unstable at best.
In Greenscreen Dress, the social ecosystem in which the researcher comfortably wore moving imagery was the Instagram platform, where fast-moving videos presented for personal expression are an accepted activity. Turning down the speed or distraction of this imagery for
our contemporary physical world would be a negotiation between the social acceptance and
rhythms of this world as it is today and that of the digital world as it is today. If interactions in
these worlds begin to blend more seamlessly, through either AR technologies or material-based
versions of the Internet of Things, then the preference for slowness and low resolution in dynamic textiles could evolve into more high-speed, high-resolution and “screen-like” versions of
digital content over time, then move back again to slowness as fashion trends shift.
It could be argued that slow versions of digital expression combined with physically encountered clothing already exist, laying the groundwork for faster versions in the future with the
adoption of smart technologies. These contemporary examples take the form of a T-shirt pic64

turing a gaming icon or a dress depicting a deliberately pixelated textile print. There are also
emerging trends that use parametric design to create 3D-printed jewellery or textiles with laser-cut patterns and textures giving them a technological aesthetic. As pointed out by Ryan
(2014):
Wearing technology, say, in the form of a Walkman in the 1970s...or an electronically
illuminated gown in the 2000s, does not bring forth a condition of suspended time, nor
is it immune to cultural entanglement. These items engage with the complex language of
dress, which has in fact always involved technology at some level. To wear technological
enhancements or devices is to advance the language of dress in specific ways that converge
with the cultural dimensions of technology, and, as a result, to become “culturally seen”
within a technologically literate environment. (Ryan, 2014)
From this, we seek to highlight that our experiences of clothing in physical environments are
not void of digital expression, but are currently subject to more traditional, non-digital social
rules with respect to everyday fashion. For example, when screen-like fabric is currently worn
in the form of LED grids or video-mapping projections, it is usually for entertainment purposes and not day-to-day fashion. If we begin to adopt fabrics with computational abilities in more
discreet ways, digital expression as experienced in the virtual world and clothing expression in
the physical world might build into new hybrid fashion cycles over time.
Digital Media Curation and Control
Greenscreen Dress reveals the finding that control and curation of personal content created
using dynamic fabric will be subject to similar challenges we face today with our personal
digital content. When comparing the numbers the researcher gives for her posts on Instagram,
159, with the number of files in her “Patterns” folder, 1396, and photographs of herself on
her smartphone in which she did not post on Instagram, approximately 6500, we see that the
difference is quite large. We can assume that the 6500 unworn photos and videos on her phone
indicate the editing, experimentation and curatorial process behind each outfit, creating a ratio
of 1:40 for each digital garment posted.
On further questioning, the researcher felt that this ratio did not accurately reflect her activities. She estimated generating about 6 to 10 photographs or videos per outfit, not 40. The other
files in her opinion represented “garbage”, failed experiments or ones that she did not feel were
good enough to post on Instagram. She stored the unused content anyway and still showed
some of it to people casually or in public presentations of the work. She kept these less-valued
wearings away from the enduring record of Instagram, or more broadly, the Internet.
There is much to draw from these actions, leading to a larger discussion about the volume
of digital content people hoard and what they choose to post on social media. The nature of
connecting our clothing to the digital world opens it up to an irreversible effect that we are
rarely face with current clothing-wearing rituals. What we wore, for example, two years ago
on a Saturday at six o’clock is mostly not documented. We encounter some photos of ourselves
from the past, but would dynamic fabric with an Internet connection make us vulnerable to
permanent, public documentation of each and every fashion choice we make? The researcher’s
concern with curating her online digital-fashion presence indicates a desire to control permanent documentations of her image.
In contemporary clothing-wearing rituals, there is a relatively temporal public experience of
our clothing choices. When we expect our garments to be documented at a special event with
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photography, we dress-up, or at minimum consider more deeply the clothing choice for that
day. The limitations of the greenscreen system prevented these issues of permanent documentation versus temporal encounters from being fully explored. Because the digital outfits could
not be experienced in the physical world, we cannot comment on what the researcher would
wear in this context. However, we can infer that because she showed some of her less-favoured
outfits in ephemeral settings (for example, presenting images in a slide presentation), she
would allow for a less rigorous, sensitive editing process when the threat of permanent documentation was lifted.
Furthermore, the researcher experienced unexpected encounters with a colleague throughout
her study whereby he placed digital content she did not like on her green garments. She describes these interactions as “digital attacks” and briefly discussed the coping mechanisms she
developed to combat them. The social implications of connecting fabric we wear on our physical bodies to the vulnerabilities we currently experience on social media suggest the potential
for loss of control in both realms, a new dimension to becoming “hacked”.
Wardrobe Choices for Digital and Physical Worlds
Greenscreen Dress demonstrates the complexity of balancing wardrobe choices for both the
digital and physical world. The colour green, used as a stand-in for a constrained set of material
properties, became a wardrobe challenge for the researcher as a wearer. As a designer, it was
handled as a typical design challenge, but with the added dimension of considering the changing digital content. The green became a stand-in for combining the digital with the non-digital.
How should this be handled in a fashion design setting? Who would be responsible for designing the digital content and its interaction with the garments? During the Greenscreen Dress
study, the researcher mostly generated her own digital content. She tested out the viability of
the digital content by trying it on through her smartphone screen. In a future scenario, who
would be responsible for designing the digital content meant for wearing?
Compromises were made in the design process between the digital and material aesthetic sensibilities of the clothes. The compromises she made allowed the clothing to fit into the social
landscapes of both the virtual and physical contexts that she engaged with. This highlights the
existence of different languages, tastes and accepted styles in both domains and the need to
consider both in designs that propose to engage with both. The act of bringing the digital to
the physical is still relatively new, enacted in domains of “wearable” technology, the Internet of
Things, tangible computing and mixed realities. In these contexts, the role of ‘the digital’ may
appear immaterial and virtual, but will rely on a system of people and materials to capture its
unique abilities and translate them into something people can connect with.
According to Wakkary & Lin et al. (2016) on the frictions generated between material and
digital fabrication processes, a similar perspective is offered, suggesting that,
[T]he digital and its relations to material practices are unique and not like other
translations of practice from one craft to another... The uniqueness of the digital to the
material opens up distinct qualities of the digital, human, and automated that can coexist in a form. (p.1267)
From this, we suggest that form and materiality are part of the interplay in pairing virtual and
physical processes, although the digital is, in essence, neither form nor material. We see its
expressive abilities as evidence of how it can be harnessed through people and things.
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Discussion
Greenscreen Dress explores the future notion of dynamic fabric by focusing on the experience
of wearing dynamic fabric rather than on the development of the technology itself. Broadly,
this approach demonstrates the value of wearing in the wearable technology design processes
and the need to consider digital expression when working with a technology that uses or draws
on digital content. Below, we attempt to strengthen our argument for this approach by relating
it to concepts within cultural theory and fashion ecologies to underscore the study’s strengths
and limitations.
The Body and Wearing
What might it be like to wear dynamic fabric and how would this change how we wear clothes?
We address these notions by discussing the role of the body in examinations of garment-based
displays, or of any digital technology proposing to be worn for personal style. Any artifact
placed on the human body takes on social meaning in relation to its wearer (L. Dunne, 2010;
L. E. Dunne et al., 2014). Whether it is a hat, a shirt, a watch, or even a tattoo, its position on
a specific person and the context in which it is worn each signal something to its surrounding
audience. As critical theorist Kaja Silverman (Silverman, 1986) is so often quoted for in fashion
theory,
The male subject, like the female subject, has no visual status apart from dress and/
or visual adornment...Clothing and other kinds of ornamentation make the human
body culturally visible...clothing draws the body so that it can be culturally seen, and
articulates it in meaningful form. (p. 145)
Anything placed on the body falls into the spectrum of “fashion” or “style” in some way. Although the term fashion is largely ambivalent (Loschek, 2009) and commonly connotes images
of models, runways and superficial lifestyles (Barnard, 2014), fashion practitioners generally
understand that designing artifacts for the human body involves balancing social meanings
with the practicalities of the garment at hand. Theorist Malcolm Barnard states,
So, there are theories of class, gender and aesthetics underlying and presupposed by all
fashion production and consumption, and were it not for artists and designers having
an understanding of the elements of those theories, no fashion would get produced or
consumed at all. (p. 16)
For this reason, we feel it is important for innovators within wearable technology disciplines
to address social meanings and implications for the artifacts and textiles they develop. We feel
it is important that they develop with fashion designers or those with inherent fashion design
knowledge at the beginning stages of technology development.
In addition to working with fashion designers, we feel it is important for innovators to recognise the moment when a technology can be considered “wearable”. In the context of fashion,
clothing is inseparable from the body. Concepts of style, trends, culture, personal identity
and expression are activated or deactivated by the interactions between wearer and garment.
Simply put, a garment unworn is static, filled with potential, but is not contributing to a
fashion dialogue. The meanings and nuances of what we communicate through dress are, as
the term fashion suggests, in a constant state of flux (Ryan, 2014). They are reinterpreted and
transformed from wearer to wearer, context to context and audience to audience. Loschek
writes,
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[Fashion] is negotiated on a communicative basis within society...the social limits of
toleration are also being continually renegotiated and are therefore subject to constant
change, which is why acceptance of innovative creations and ultimately of new fashions
develop at all (p. 142).
Clothing and accessories could therefore be understood as social tools (Barnard, 2014), dynamic in nature and activated by a body and an audience to create fashion. We do not think a
piece of clothing or accessory can be fully understood until it enters the space of embodiment
and is thus worn.
Within the context of wearable technology, the tension between the enhanced garment or accessory in its static state versus its worn state is evident. Producing prototypes and garment
samples for “intelligent” clothing has been relatively easy compared with the struggle to have
people actually purchase and wear them (L. Dunne, 2010). Little is known about garment’s
“worn” life in the way that we are already familiar with experiences of traditional clothing in
daily life. It could be argued that despite the soft, textile-like form of a digital artifact, it cannot
be labeled “wearable” until it becomes part of an individual’s wardrobe and is worn in different
contexts in front of other people. Loschek (2009) describes this disconnect as the gap between
invention and innovation, arguing that it is only the acceptance and adoption by society of a
new clothing item that begins to define it as a part of the fashion dialogue.
Ryan’s (2014) book speaks at length about the complex and volatile nature of fashion as a type
of language and its entanglement with cultural meanings related to technology. She highlights
the performative aspect of fashion and proposes the term “dress acts” to describe wearing any
garment or accessory intertwined directly with or through historical or linguistic notions of
technology. Our study’s focus on the activity of wearing in everyday life offers a way to engage
with fashion in its natural habitat, moving through time and different contexts as a type of
performance. To further examine the possibilities and perceptions of clothing-based dynamic
displays, the act of wearing became an action space for observing growth, pattern, variation
and transformation of socio-cultural meanings (Harrison & Mackey, 2016).
Wearing within a Contemporary Social Ecosystem
Reflecting on the broader motivations of the Greenscreen Dress study—to “uncover what
value can arise from approaching the development of new wearable technologies...with a
focus on the act of wearing in everyday life with minimal concerns towards the technology
itself.”—we see how the approach allowed for the innumerable variables of a social ecosystem to enter the analysis of a future smart textile. Key among these was time. The ten-month
period allowed growth and change to occur related to a range of situations and contexts.
Through issues related to weather, emotion, personal tastes, audience interactions and access
to materials, a genuine personal context had effects on the outcomes.
In using a smartphone camera as a tool and Instagram as a platform, the researcher was able
to explore aesthetic tastes related to genuine social media users as well as cultural understandings of digital expression like pixelation and digital distortion as in glitch art. The genuine
and varied audience surrounding Greenscreen Dress became an ecology. Different people in
different contexts had direct influence over the researcher’s choices. At each turning point, for
example, the decision to post an image or repeat the style of a digital outfit, the researcher’s
decision related to either an interaction with another person, specific things people communicated to her or her comfort level with how she believed her outfits were being perceived. Her
perception that people were observing her, guided each choice. Although her community was
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relatively small, over the ten-month period her green clothes and virtual clothes became part
of a fashion dialogue due to the interactions and perceived acceptance of them within the social
contexts involved.
Audience is a key facet within fashion systems. Dress as a communicative tool for identity (Barnard, 2014) depends at minimum on the perception of a social dialogue. It was not important
that the researcher wore her digital clothes specifically on the Instagram platform for this study,
but rather that she wore the clothes in front of a genuine audience. This made her believe she
was accountable for her choices, moving the exploration of dynamic fabric out of pure speculation for what she might wear to what she wore in response to genuine social contexts (Mackey
et al., 2017). This perceived accountability generated the “Can I wear this?” dialogue within her
day-to-day life, driving each aesthetic or expressive outcome.
Dynamic fabric, if further developed, will become part of an ecology encountered by varied
audiences in varied contexts. In anticipating the implications of dynamic fabric, or any wearable
technology meant for personal style, we feel it is important to include explorations in genuine
social contexts and within personal clothing practices with generous amounts of time to allow for
growth, change and identification of emerging patterns. Adding this approach to wearable technology design processes moves inquiries out of the isolation of technologies, materials and design
speculations alone. It adds a perspective that values the varied social ecology of contemporary
everyday fashion in terms of wearable technology and smart fabric disciplines.

Limitations of Greenscreen Dress
The greenscreen system used in this study had limitations with regards to fully realizing a
future form of dynamic fabric. Primarily, it lacked the ability for the wearer or audience to
experience the digital content “in the real world” to allow them to see and touch the digital
versions of the garments without the AR assistance of a computer or smartphone screen. The
system also lacked the ability to have dynamic or computational input, such as a live feed
from Facebook, weather data, pre-composed visual sequences, body-mapping capabilities or
gesture-responsive displays. However, recognizing these and other technical limitations of the
greenscreen system, we emphasize that the study aimed to gain insights into the wearing experience of dynamic fabric as it relates to personal identity, expression and clothing habits.
The main achievement of this approach was its ability to allow the wearer, the researcher, the
capacity to wear fabric that could be transformed with digital content as she went about her
daily life. Her awareness of this ability and how it altered her personal style and clothing rituals
is the space in which we could draw insights towards future dynamic fabric development. To
further clarify, it was not important that her audience perceived her as wearing dynamic fabric,
but more important that she perceived the experience of wearing dynamic fabric. It is in the
behavioural and mental shifts of her clothing habits that held information about the possible
socio-cultural implications of future dynamic fabric.

Conclusion
In this article, we explored what it might mean to wear dynamic fabric in everyday life. We
approached this inquiry by discussing the importance of considering socio-cultural implications of identity and audience as well as changes in daily clothing practices and interactions
when designing for wearable technologies. We activated these concepts by introducing the
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autoethnographic study Greenscreen Dress in which the researcher incorporates green into
her wardrobe over ten months and documents changing the digital content of her garments
using a chroma-key mobile application. The study connects socio-cultural factors in fashion
directly to explorations of the social reception of dynamic fabric in garments over time and in
everyday contexts. We present findings towards future notions of dynamic fabric as demonstrated through behavioural and mental shifts with regards to her personal fashion identity and
clothing-wearing habits. We highlight that the approach of focusing on wearing activities of
everyday life and considerations of digital expression can provide valuable insights for future
wearable technologies and smart garment concepts that do not yet exist.
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5
Day-to-Day
Speculation:
Designing and
Wearing Dynamic
Fabric
5.1 Introduction
This chapter presents the second paper, “Day-to-Day Speculation: Designing and Wearing
Dynamic Fabric”, published as part of the proceedings for the 2017 biennial Research Through
Design Conference. This paper is the next step of my inquiry into dynamic fabric, asking How
does my experience of dynamic fabric compare to descriptions of it in previous literature or
design examples?
In the following section, I explain how this paper contributes to the broader context of this
dissertation, followed by the paper itself.

5.2 Contextualising this paper in this dissertation
In the previous chapter, I described and analysed my experiences of wearing dynamic fabric
over ten months. These experiences were differentiated against experiences of wearing traditional, “non-dynamic” clothing. In this paper, I compare experiences from Greenscreen Dress
to several presuppositions about dynamic fabrics from literature or demonstrated through design examples.
For example, it has been suggested that dynamic, colour- or pattern-changing fabrics might
reduce clothing consumption habits by offering wearers an ability to have many garments in
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one garment (Devendorf et al., 2016; L. Dunne, 2010). Yet, my experiences in Greenscreen
Dress do not support this idea. I added several new items to my dynamic wardrobe to account
for garment features other than surface pattern, such as texture, silhouette, and changing climates. The paper also argues that it is unlikely researchers can predict the precise ways wearers
would wear their dynamic fabric based our knowledge of how a technology works. This is
demonstrated through the example of how over time I began using the chroma-key app in ways
I did not expect. For example, I began “blending” with other green things in my surroundings
when originally I had been avoiding them, and I also tried to create “grainy” effects with the
chroma-key app which worked directly against what the app had been optimised for. These
examples are important for the broader understanding of what dynamic fabric is, because they
demonstrate a discrepancy between how one might imagine or infer its usage, and the ways
using it over a long period of time revealed patterns of use that changed and reconfigured.
Related to this, the paper also unpacks the methodological approach taken in the Greenscreen
Dress study in the context of speculative design. It describes Greenscreen Dress as a material
speculation inquiry that, differently from other speculative design approaches, situates speculative artefacts in the context of everyday life to generate insights about future technologies. Although the greenscreen system at this point in the research is still seen as “an approximation of
dynamic fabric” and not dynamic fabric per se, this paper emphasises the value of having used
a “real” person (myself) and their everyday life (my own) to feed insights about future visions
of dynamic fabric. It describes the tension that this creates in the research, where “a genuine
socio-cultural perspective” is at the centre of a speculative inquiry. Although it is not explicitly
written as such, this tension documents the beginnings of a shift in my perspective about what
dynamic fabric is. It reveals that my understanding of what it is, is intimately and irrevocably
tied to my experiences of wearing it, and less to my or other’s presuppositions about it.

Greenscreen Dress: Demonstration of smartphone application used in Greenscreen Dress. Credit: Rachel Rietdijk.
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5.3 Paper: Day-to-Day Speculation: Designing and Wearing
Dynamic Fabric
Original publication: Mackey, A., Wakkary, R., Wensveen, S., Tomico, O., & Hengeveld,
B. (2017). Day-to-Day Speculation: Designing and Wearing Dynamic Fabric. Proceedings
of the 3rd Biennial Research Through Design Conference, 439–454.
Role: Main author of text; main researcher/participant in case study described;
framing and analysis of case study shared by co-authors.

Abstract
In this paper we describe Greenscreen Dress, a material speculation inquiry (Wakkary et al.,
2015) that investigates the wearing experience of dynamic fabric in everyday life. In this study
the researcher has worn a “greenscreen garment” every day for seven months. Coupled with
a chroma-key smartphone application, she has photographed the garment and digitally composited upon it multiple digital colours, patterns and videos. The fashion expressions were
uploaded to Instagram and so situated within a digital social ecosystem.
We argue that combining the wearing of dynamic fabric with design activities, the inquiry of
what it might mean to wear dynamic fabric moves speculation into day-to-day living by drawing from the interactions of the researcher’s everyday life. As innovations in smart textiles and
wearable technologies become more accessible, knowledge gained from this research critically
inquiries into the everydayness of this breed of technological system. The research draws insights from design, fashion, and material performances in the daily life of the researcher. The
project contributes critical insights into fashion and technology for clothing designers and in
to new methodological terrains for RtD.
Introduction
If garments are made with dynamic fabric – fabric that can change colour, pattern, image or
text like a computer screen – how might this change personal fashion? The integration of
dynamic fabric into clothing could challenge many of the norms of fashion. Explorations of
dynamic fabric, also referred to as dynamic textiles, pattern- and colour-changing textiles, animated textiles, smart textiles, computational textiles or digital fabric, have occurred mainly in
the last fifteen years alongside innovations in soft and flexible electronic materials. This area
is rich within the fields of smart textiles, wearable technology and fashion, inspiring many to
speculate, design and develop technology for.
In the early 2000s there was significant technological and expressive developments made in
this area involving the pairing of LEDs with textiles and conductive materials (Orth et al.,
1998; Seymour, 2008), and electronically stimulated thermochromic inks (Berzowska, 2004;
Orth, 2004). Following these explorations have been further refinements towards both the
technological and expressive possibilities of these approaches in the form of prototypes and
textile samples (Worbin, 2010), custom-made artistic, high-fashion or entertainment-related
garments (Berzowska & Skorobogatiy, 2009; Chalayan, 2007; Lamontagne, 2005; Philips Design, 2006; Rosella & Genz, 2005) and short-run commercial product releases (Berglin, 2013;
Harold, 2006). More recently, the proposition that dynamic fabric could exist through combined physical-virtual means, as in augmented- or mixed-reality technologies, has appeared in
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fashion design (Normals, 2012; Weimans & AugmentNL, 2013) and speculative design projects
(Matsuda, 2016; Superflux, 2011) adding another dimension to the concept of state-changing
or responsive textiles in dress.
Currently, dynamic fabric in an “ideal” form for clothing, i.e., fabric that is washable, comfortable, durable, affordable and capable of presenting any digital content desired, does not
exist at the consumer level. Our research in this area does not attempt to make prototypical
or technological contributions towards dynamic fabric, rather we performatively and through
design anticipate for investigation the wearing experience of dynamic fabric and what can be
learned from it. We focus on the implications dynamic fabric could have on personal expression through fashion and everyday clothing-wearing rituals. We aim to move the discussion
further from what is possible with dynamic fabric, to what is plausible within the context of
fashion and the complexities of everyday life.
We approach these notions by introducing Greenscreen Dress, an autoethnographic study that
focuses on wearing dynamic fabric in everyday life, and simultaneously exploring it through
fashion design activities and processes. Over a seven-month period, the first author incorporated the colour green into her wardrobe every day and captured videos and images of her
garments composited with digital content using a chroma-key smartphone application (Figure
5.1) (iDevMobile Tec., 2015).
Autoethnography was used to document and analyse her activities, which aims to describe and
‘systematically analyze personal experience in order to understand cultural experience’ (Ellis et
al., 2010). She kept regular diary entries, periodically recorded high-level reflections on these
entries, followed by group analysis with the second and third authors of this paper to develop
themes that could provide insight for future dynamic fabric designers.
Beyond Speculation
Most of the aforementioned related work on dynamic fabric stayed at the conceptual and prototype level in order to explore the technological and expressive possibilities while speculating
about the consequences. In this paper, we focus on how the activity of wearing an approximation of dynamic fabric in everyday life combined with design activities can bring speculative
explorations of dynamic fabric into day-to-day living. What we mean by this is that the inquiry
is moved into a space where an extended time period, situated audience and genuine social
context become variables. These variables, in turn, allow us to challenge previous assumptions
or speculations, observe new opportunities that emerge, and place a genuine socio-cultural
perspective at the center of the discussion.
In terms of speculative design, we see the Greenscreen Dress study as sharing characteristics with
this field in its aim to contribute a future vision (Auger, 2013). We also see the main design artifacts – images and short videos clips from Instagram, as well as various simple green materials,
garments and a smartphone application – to sufficiently act as the relatable elements required for
a “successful” speculative design project that bridges the audience’s perception of the world with
the fictional elements of the concept – the “perceptual bridge” as described by Auger (Auger, 2013).
However, we argue that the act of living with the proposed technology over an extended period
of time brings the exploration into the everyday, where the elements that might be perceived as
a perceptual bridge are in fact real interactions and artifacts from an individual’s everyday life.
The speculative inquiry is therefore not weighed against human nature or a plausible environment or context, but against a real human, environment and context.
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For these reasons, we see Greenscreen Dress as a material speculation inquiry described by
Wakkary et al. as emphasizing ‘the material or mediating experience of specially designed artifacts in our everyday world in order to speculatively and critically inquire through design’
(Wakkary et al., 2016). We see it as such because of the characteristics it exhibits which define it
as a counterfactual artifact, most notably it appearing to not ‘fit the logic of things’ in the everyday world yet undeniably existing in the actual world (Wakkary et al., 2016). The tension that
this creates in the study, where the researcher aims to explore future visions of dynamic fabric
while living the experience of it in her present life, offers a unique perspective from which
to speculate. This perspective and its authenticity reveal opportunities and challenges to the
proposed future artifact based on sociocultural concerns that will be important for designers
to articulate, as equally important as technological concerns. Furthermore, it positions itself
to challenge previous speculations within the field – such as whether dynamic fabric would
reduce the consumption of clothes (Dunne, 2010) – and thus move it from the possible to the
plausible or implausible.
In the following section we contextualise the goals and general experiences of the researcher
in the Greenscreen Dress study, after which we describe how the wearing and design activities
evolved over a seven-month period, highlighting the value gained from the first weeks when it
was viewed as a “gimmick”. We then describe the outcomes of the study that challenge or refine
previous assumptions and speculations about dynamic fabric in clothing.

Greenscreen Dress
Contextualising the Study
Our inquiry into what it might mean to wear dynamic fabric in everyday life was motivated by
the possibilities of new fashion expressions (Devendorf et al., 2016) as well as opportunities to
counter consumption habits of
clothes that threaten their sustainability by way of having multiple garments in one (Devendorf
et al., 2016; Dunne, 2010). Furthermore, it was motivated by
the preceding eight-year practice
of the first author as a clothing
designer working with wearable
technologies and smart fabrics.
Throughout this time (20072015) she observed the smart
garment industry focus on technological innovations with relatively little understanding of their
socio-cultural implications. The
approach of this study therefore
aims to demonstrate the value
of this perspective. We aimed to
explore the potential of dynamic
fabric as it relates to changes in
Figure 5.1. Greenscreen Dress. Sample images from Instagram.
daily clothing-wearing habits or
Credit: Angella Mackey
considerations of personal style.
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The central activity of this study is the wearing of visual digital content everyday. We see wearing as the space for personal expression and social reception to happen within a contemporary
fashion dialogue. We see the everyday as the space for exploring elements dependent on time
such as pattern, repetition, change, spontaneity, learning and the coming and going of phases.
The focus on living with the dynamic fabric positions the enquiry inside a genuine socio-cultural context and thus reveals the opportunities and challenges of dynamic fabric as they are
confronted with the daily interactions of a wearer’s life.
Without access to a fabric that possessed the properties of a clothing-grade textile and the
abilities of a computer screen – we rapid-prototyped these capabilities by using a “greenscreen”
system. In wearing green fabric, we were able to composite the surface of the garments with
digital content (colours, patterns, still images, and videos) using an off-the-shelf chroma-key
application on a smartphone (iDevMobile Tec., 2015).
For seven months the researcher (and first author of this paper), incorporated green fabric
daily into her wardrobe. She began by wearing the same green garment and then expanded
the wardrobe to include a range of green materials, green patterns, garments and accessories.
She regularly changed the digital content of her clothing and posted pictures and videos of the
digitally altered garments on her personal Instagram account (instagram.com/angellamackey)
a social media platform based on image and video exchange. This activity allowed the digital
versions of the garments to be “worn” and exist within a social ecosystem with an established
fashion dialogue.
Furthermore, she interacted daily with friends, family and colleagues who recognised the green
in the garments as “active.” These interactions lead to a small community who participated in
the study through workshops, play, discussion, reflection and personal usage of the system.
The same occurred on Instagram where a community of 206 followers generated dialogue
about the videos and pictures she shared. Within seven months the researcher had posted 151
images and videos on Instagram, with approximately 6400 images and videos left “unworn” on
her smartphone.
This greenscreen system had limitations with regards to mimicking an idealized future form
of dynamic fabric. For example, it did not permit the wearer or audience to experience the
digital content “in the real world.” One could not see and touch the digital garments physically and instead relied on a computer or smartphone screen to see them (Figure 5.1). This
meant the system worked most similarly to augmented reality (AR). It also lacked the ability to have dynamic input, such as a live feed from social media, readings of a heartbeat,
body-mapping, or gesture-responsive displays. It was instead only capable of manually imitating these features.
However, recognizing these technical limitations we would like to establish that the aim of the
study was to gain insights into the wearing experience of dynamic fabric as it relates to personal
style and clothing habits. The most general questions being explored by the researcher were
What will I wear? and How will this change my experience of clothes? As a lo-fi version of dynamic fabric, the system was successful in its’ goal to give the researcher the capability to wear
fabric that can visually hold and change digital content as she went about her daily life. Her
awareness of this ability and how it altered her personal style and clothing rituals is the space
in which we can draw insights. It is in the behavioural and mental shifts of the researcher over
seven months that we observe possible socio-cultural implications of future dynamic fabric
design.
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The researcher acted as a wearer and designer simultaneously in this study. Throughout
the seven-month period she lived the experience of dynamic fabric in an organic way –
integrating green into each outfit she wore and allowing the experience to evolve through
her social media, personal and work-related social interactions. During work hours, she
engaged her background as a fashion designer – sourcing materials and testing how they
reacted through the chroma-key application in order to design clothes or design digital content. She worked towards the task of creating a future brand-concept for dynamic
fabric that represented her aesthetic sensibilities as a designer – proceeding through the
design activities as if she would release a new line of clothes that took into account her
experiences as a wearer.
Entering and Exiting a Gimmick
In order to explore the potential of dynamic fabric in everyday life, it was the main objective of
the researcher to genuinely integrate the concept of dynamic fabric into her personal style. If the
experience of the system she had entered – wearing green, changing the digital content of her
garments, and posting the results on Instagram – felt too much like an “artistic” performance
and not an authentic reflection of her fashion sense then the goals were not being achieved. This
confronted the researcher with trying to answer the following questions: If I can wear anything,
what do I wear and how do I wear it? If my garment can change at any time throughout the day,
when should I change it? and How should I plan or prepare for this ahead of time?
Over the seven-months the explorations went through different stages, each highlighting different aspects of what it might mean to wear dynamic fabric. The first four months were mainly
exploratory where the researcher built up her green wardrobe, “tried on” various kinds of
digital content, reflected on audience reactions, designed garments and collected a variety of
green materials to explore how they reacted through the chroma-key application. In the fifth
month, the researcher reflects that she felt “style” finally began to happen both personally as a
wearer and in her fashion design activities. She observed that she had reached a certain skill
level and confidence and that she could now make “fashion sense” out of the clothing-wearing
and clothing-design activities for the greenscreen system.
We think it is important to highlight the first three weeks of the study, which were part of
an exploratory period but very different in that the researcher saw them as a “gimmick”. She
characterized these first weeks as being “silly” and “playful” interactions with the system
that did not accomplish what she originally meant to achieve. For example, because she
felt embarrassed about the task of taking pictures of her garments and herself in public, she
chose to take selfies with other colleagues as a live demonstration of how the system worked
(Figure 5.2). She thought this gave more purpose to the activity. The digital content she
chose to place on her green garments was the default imagery that came with the chroma-key
application which was mostly depictions of landscapes. Like a party trick, the outcome of
these activities appeared to say “look what I can do”, as opposed to appearing as a serious
fashion expression.
In the researcher’s experience of introducing the greenscreen system to other colleagues, researchers and designers for short periods of time in a casual encounter or workshop setting,
their first explorations of the system are similarly playful (Figure 5.2). The researcher reflects
in a diary entry,
“The first silly steps of experimenting with this technology is to play with it openly
and joyfully, which I have. When showing it to friends and colleagues we have become
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Figure 5.2. The
“gimmick phase”.
The researcher and
colleagues playing with
the greenscreen system.
Credit: Angella Mackey

invisible, placed our body parts on someone else’s, laughed at terribly deformed pictures
of ourselves, put our eyes inside our hands, etc., until we became bored and wanted a
new toy.”
This “gimmick phase” can be compared to Gaver et al.’s trajectory of appreciation (Gaver et al.,
2006) where a new technology may be met with excitement because of its novelty. When the
novelty fades people may feel frustration or disillusionment, and over time either accept or
abandon the technology into their everyday life. What we observed through the Greenscreen
Dress study is that the researcher reached a frustration with the system as a wearer and a
designer, because she thought it was being misused and misunderstood by herself and those
around her. She found the solution was to continue to design and explore. Furthermore, she
found it useful to imagine that these first steps were not a “misuse” of the system, but rather
held clues to what might become “serious” fashion expressions at a later time. For example, she
considered whether ‘missing body parts’ (Figure 5.2) could transform into the fashion expressions of a particular kind of wearer.
This period of novelty has become a space within the Greenscreen Dress study that allow us
to discuss what one can easily do with the system, what one is initially inspired to do with the
system, and what one assumes they would do with the system before beginning. Initially this
period felt like a failure for the researcher to meet her goals, but in retrospect has become a
valuable point of reflection where outcomes of the study over seven months are consistently
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compared to it. This offers insights into how the technology was initially used and repurposed
for other uses, how certain aspects persisted and did not persist, and how things can be initially
discounted but reappear further in time. With regards to moving speculation into everyday living, this early period marks the beginning of the story that shows how the technology changed
or persisted over time.

Exploring the Potential of Dynamic Fabric
In the following section we describe selected themes that emerged through the Greenscreen
Dress study that tell us something about what it might mean to wear dynamic fabric. These sections are not consecutively ordered by time, but are ordered in a way that reading one should
make it easier to understand the next. We describe initial assumptions or previous speculations
made about the future direction of dynamic fabric, and compare them to what we observed in
the study as it changed over time. In some cases, assumptions and speculations are doubted. In
other cases, we found them to be further refined.
Multiple Garments in One Garment
If garments possess the ability to change colour or pattern on their surface, we might consume
less clothes. In theory, the “ultimate garment” potentially could mitigate the waste and unsustainability of “fast-fashion”, i.e. the cyclical change of fashion based on trends and seasonal
changes of spring and autumn collections (Dunne, 2010). This speculative idea, more than
once cited as a possibility of dynamic fabric (Devendorf et al., 2016; Dunne, 2010), was one of
the main inspirations for this study. Instead, we have come to doubt it.
In the first two weeks of the Greenscreen Dress study the researcher wore the same green dress
each day, predicting that if periodically washed and dried overnight it could fulfill her fashion
needs. Instead, she quickly found she desired new textures, silhouettes, shades and amounts of
green in order for her to fit into social norms and remain consistent with her personal style. She
felt she must find additional ways to incorporate green into her outfits. Her wardrobe increased
from the original green dress to twenty green garments and accessories over a six-month period. We do not see this outcome as suggesting outright that dynamic fabric will not decrease
clothing consumption. We see the limitations of our study in that the researcher wore “green
clothing” rather than truly dynamic clothing. What we can say is that this outcome highlights
the desire in contemporary fashion for variety of texture, silhouette, and the complex construction of outfits rather than simply being satisfied with changes in surface colour and pattern.
Wielding the Technological System to Personal Tastes
What a person might choose to wear if their garment has the ability to visually change with
dynamic input will often be dependent on the technological capabilities or limits of the system.
For example, it has been speculated that if a fabric can be connected to social media input, it
could bridge the social interactions performed through garments with social media interactions (Berzowska, 2005; Devendorf et al., 2016)—a person might choose to wear information
fed from their Facebook feed (Devendorf et al., 2016). Alternatively, if the technology uses
thermochromic inks with heat sources placed in particular areas, the wearer could be limited
to wearing the patterns pre-planned by the designers (Nilsson et al., 2011).
In the initial explorations of the study, it seemed to make sense to the researcher to use the
greenscreen system as it was technologically intended. Meaning, the researcher would collect bright green fabrics and garments that would “perfectly” key-out (could be composited
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with digital content). Additionally, the digital content she initially chose to wear proceeding
the default landscapes were graphic patterns like polka-dots or stripes downloaded from the
internet. When both of these activities were combined the garments lost their three-dimensionality—shadows, collars, textures, and depths of the garments would disappear and render
them looking “flat”. As a wearer, the researcher observed that she felt the garments were being
transformed into a “cartoon” aesthetic, which for her tastes were undesirable.
Throughout her explorations the researcher discovered new ways of achieving three-dimensionality and other forms of aesthetic expressions using varying characteristics of green materials (Figure 5.3), capabilities of the chroma-key application, and a “performative wearing”
of the green clothes. For example, she used the sensitivity slider in the application interface
to render fabrics less “effective” to the keying-out, so that shadows and textures could remain. She found that dark greens and pastel greens gave a “grainy” effect to the digital content. She found that sheer materials worked in surprising ways whereby they could hold a
faint layer of the digital content while still remaining transparent. She observed that instead
of downloading pre-existing images and videos of things from the internet to wear, it felt
more natural to capture imagery from her surroundings that were unique (Figure 5.4). She
began unexpectantly “wearing” her surroundings in ways that were explicitly performative
or only known to her as such.
These explorations that step outside the intentions of the technological system do not answer
the question of whether one might want to wear input from their Facebook feed, whether
they would be satisfied with a predetermined textile pattern change, or suggest that everyone
will want to wear grainy digital content or images from their surroundings. However, it does
suggest that how a new interactive system might be used is difficult to predict or even design
for. Particularly in the case of fashion which relates so strongly to personal identity, unique
diversions could be made.

Figure 5.3. Exploring how
different green materials
react through the smartphone application. Credit:
Rachel Rietdijk
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Figure 5.4. Abstract videos captured from the researcher’s surroundings. Credit: Angella Mackey

Aesthetic Extensions Beyond the Borders of a Garment
There are four recent examples of researchers, designers and artists exploring dynamic fabric
through augmented reality (AR) technologies in fashion. One, titled Apparelv1.0 (Normals,
2012), depicts black clothing with white numbers and patterns printed on it that a smartphone
application can recognize and then generate large white geometrical patterns surrounding the
wearer. Another exploration by Dutch designer Marga Weimans (Weimans & AugmentNL,
2013), has a similar system that generates floating cubes around the wearer. The third by Keiichi Matsuda, in a critical design short film called HyperReality (Matsuda, 2016) depicts at
one moment during the film a lady walking down the street with a “Follow. Outfits. Like.” text
graphic hovering from her shirt, and also a thief who completely covers her body with digital
distortions to hide her identity. The fourth is a design fiction video called Song of the Machine
(Superflux, 2011) detailing the experience of a person who is visually impaired and thus wears
an assistive AR headset. At one point in the story the character encounters a man with an
overlayed three-dimensional wolf-head recognized by his headset because of a QR code on the
front of the man’s T-shirt.
In the Greenscreen Dress Study the researcher was familiar with these examples, but did not
consider them as an aesthetic possibility she could explore because the greenscreen system
was only able to alter the flat surface of the fabric. Also, as a fashion designer, she saw these
speculations as beautiful and intriguing but initially discounted them – judging them partly
as a gimmick, or obvious first steps of what the technology could achieve. However, organically the aesthetic expression of moving off of the flat surface of the garment emerged in her
designs. In the fourth month of the study the researcher received positive feedback for an
image she posted on Instagram picturing her “blending” with her background (Figure 5.5).
This was achieved by simply sitting next to a green wall and keying-out her garment as well
as the wall. Over time, this lead to a series of images and videos with this technique as the
central theme in her personal expressions – blending with other green things like chairs,
objects, plants and trees, etc. ‘Blending’ was also adopted as a key concept throughout her
design activities towards the end of the seven months. We see this outcome as further refining the speculation that AR versions of dynamic fabric will include expressions that leap
outside the borders of the garments.
Control of Personal Style
Shortly before beginning the Greenscreen Dress study, the researcher assumed that she would
have complete control of what she wore – both in her green garments and their virtual counterparts. As a wearer and designer with a fashion background she saw little reason to doubt this.
83

What occurred on the very first day of the study and persisted many months in, was a complete lack of control tied to the relationship with a colleague who shared an interest in the
chroma-key application. He began intermittently photographing the researcher when he felt
inspired, and compositing what she perceived as unfavorable digital content on her garments.
For example, in one image the colleague “dressed” her in a screenshot of his smartphone home
screen, another time in an orange tie-dye pattern, and later a cartoon monkey. The researcher
experienced an unanticipated loss of control through these interactions.
This opens up a broader discussion about permissions and control related to dynamic fabric
in dress. With connectivity to computational input, how might this be regulated? The solution
could be technical – designing a system where access is secured. The solutions found by the
researcher instead came in two different forms. Firstly, she discovered she could wear small
pieces of green instead of entirely green, and this would break up the continuity of the digital
content and “protect” her from recognizable versions of the unfavourable images. Secondly,
she talked to her colleague about the activities, asking him to be more sensitive to her opinion
of the images. The first solution, similar to a “DIY” approach of covering your mouth to fool
a face-recognition program, worked well but also felt limiting to the researcher. She reflected

Figure 5.5. The researcher blending with
her surroundings. Credit: Angella Mackey
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that taking away the ability to wear all green was like surrendering to an attack and stunted
her expressive freedom. The second approach to open a dialogue with the colleague was also
effective and allowed her to retain the option of wearing all green.
What we mean to highlight through this example is that both solutions – DIY and social – were
accessible to the researcher without a change to the technological system. When designing or
planning for the introduction of internet-enabled dynamic fabric, it should not be overlooked
that just as rules are created and “worked out” for other new dynamic systems, new social
conventions and rules would likely emerge with dynamic fabric in everyday fashion contexts.

Conclusion
Through the combined activities of wearing and designing with an approximation of dynamic
fabric, we see the Greenscreen Dress autoethnographic study to have engaged day-to-day living as
a speculative strategy. These steps discovered and explored themes of Multiple Garments in One
Garment, Wielding the Technology to Personal Taste, Aesthetic Extensions beyond the Garment
and Control of Personal Style. Even though these thematic outcomes are still speculative – offering
visions for what could be if dynamic fabric existed in everyday dress – the genuine social contexts
that they draw from puts a different kind of value to the perspective.
Where speculative design aims to provide or uncover a critique on themes like human behaviour
or interactions with technology, Greenscreen Dress critiques the speculations themselves – challenging them by attempting to answer Would I really consume less clothes?, Will I really want a dress
that can be entirely transformed by digital content? or How would I actually choose what to wear?
As a material speculation inquiry, we see incredible value coming from the activity of placing
explorations within the context of everyday life. It offers a unique perspective from which to
challenge previous assumptions or speculations, observe new opportunities that emerge, and
place a socio-cultural perspective at the center of the discussion.
We have exemplified through the themes extracted about the potential of dynamic fabric. We
now challenge the assumption that dynamic fabric would reduce clothing consumption habits
but agree that AR versions of the technology may include expressions outside the traditional
borders of a garment. We observed new opportunities for what one might choose to wear
(photographs taken from the environment) and how different social-cultural contexts inspired
different kinds of wearing behaviours (“blending” with the surroundings, or wearing less green
to protect oneself from being dressed by a colleague). We also observed how the limits of the
technology did not prevent the wearer from adapting it to her tastes, through gathering of various green materials and textures and designing how they were worn.
For designers working in fashion, smart textiles and wearable technology, and especially those
engaged in research through design, we encourage explorations beyond concepts and the initial speculation. We encourage them to combine their design activities with research on the
activity of living with, or wearing, over an extended period of time.
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6
Wearing
Digital Shimmers:
A fashion-centric
approach to
wearable technology
6.1 Introduction
This chapter presents the third paper, “Wearing Digital Shimmers: A fashion-centric approach
to wearable technology”, published as part of the proceedings for the 2019 biennial Research
Through Design Conference. This paper introduces the next case study, Phem, by asking How
can dynamic fabric be worked with and understood from a fashion perspective?
In the following section, I explain how this paper contributes to the broader context of this
dissertation, followed by a supplementary fashion statement for Phem and the paper itself.

6.2 Contextualising this paper in this dissertation
In previous chapters, dynamic fabric was examined by wearing it as part of my everyday wardrobe in the Greenscreen Dress study. In the Phem case study, I sought to understand it from
the perspective of fashion design, arguing in this paper that this perspective is lacking in typical
wearables-based research contexts, also described in Chapter 1. As one of the underpinning
motivations of this doctoral research, I found in my previous practise that undervaluing fashion perspectives can be problematic for wearables products intended for personal fashion use.
This paper, therefore, explores and demonstrates how using strategies from fashion design can
help wearables designers see and work with emerging technologies more expressively, therefore tying their work more closely to fashion-related concerns.
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In the context of this dissertation, the paper explicitly seeks to situate and understand the dynamic fabric I worked with as an expressive material in a fashion context. It unpacks the broad
strokes of my design process making dynamic garments, and identifies the ways I balanced
fashion-related concerns with the uniquely digital aspects of the dynamic fabric at hand. For
example, the paper describes how placing the garments in a fashion film (Uhlirova, 2013)
provided both a typical fashion platform for the garments to express themselves, and also a
platform to work directly with the temporal form (Vallgårda et al., 2015) of the dynamic fabric.
It also tracks how I changed the way I referred to the videos composited into the green fabrics,
first calling them “digital patterns”, then “animated motifs”, and eventually “digital shimmers”.
These observations are significant to the examination of what dynamic fabric is in this dissertation because it explicates the subtle ways I was able to see the dynamic fabric as a material
with qualities relevant to a fashion context.
Related to this idea, I express in the paper a changed understanding of what dynamic fabric is
compared to the Greenscreen Dress study. In the previous papers about Greenscreen Dress I
described working with “an approximation of dynamic fabric”, but in Phem I describe working
with a “surface-changing, animated fabric using an augmented-reality system”. In letting go of
the idea that I was mimicking something, this paper marks a time in the research when I began
giving the system of tools I was working with more credibility as a form of dynamic fabric.

6.3 Supplementary fashion statement for Phem
Before introducing the Phem case study through the following paper, I’d like to first elaborate
on my design intentions and motivations for Phem from a purely fashion design perspective,
as a way to deepen understandings of the research.
In Chapter 1, section 1.2.3, I described some of the backstory for how I came into the wearables
field, and some of the challenges I faced with my wearables fashion brand, Vega Wearable Light.
This included working against strong cultural connotations for how technology is seen when worn
on the body, mainly, as strongly associated with science fiction and technological ideas about “the
future”. I described not being able to effectively work against these connotations and felt Vega
garments were consequently seen more as costumes or novelties, when I wished them to be seen
as “everyday” coats. This conundrum describes much of what motivates me as a fashion designer
working with clothing that explicitly integrates electronics and other digital technologies—I am
interested to explore the ways “technology” can be decoupled from “futuristic” aesthetics.
This idea continues through my design work with Phem. Here, I am interested in subverting
futuristic aesthetics for Phem by situating the clothing in an old house with vintage furniture
and props. I also try to work against strong cultural connotations for technology being seen
as “masculine”, by emphasising a feminine aesthetic that I refer to as “soft-femininity”. Mainly, my strategy here is to use pastel colours, often including pink, and pairing the clothing
with “soft” piano music. Moreover, I have drawn inspiration from glitch art, which can be
described as a way of finding aesthetic beauty in computer errors or glitches. Some of this
I explain in a designer interview which can be viewed here: vimeo.com/312751906. Moreover, my designs continue to be inspired by women’s fashion trends I observed on the streets
of Gothenburg when I lived there, as well as some of the aesthetics of the Swedish fashion
brand COS. There is a distinctly “minimalist” aesthetic to this clothing, as well as an inclination to wear looser-fitted garments as opposed to tighter ones, which I continue to apply
to my clothing designs.
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This is all to clarify that none of my choices here are scientific or informed by any particular
fashion theory, but rather represent the particular sensibilities I have built up over my practise
as a fashion designer. For Phem, as I describe in the following paper, I intended to examine
what it meant for me to explicitly bring the dynamic fabric into my own fashion practise, by assuming it to be my own fashion brand existing today. When asked, I have sometimes described
my aspirations or style as a fashion designer to be “Audrey in space” (referring to Audrey Hepburn), which I think best articulates something about what I have aimed to achieve here with
Phem. To be clear, Phem as a fashion brand does not represent how I think dynamic fabric
will, would or should appear if it was to become a mainstream fashion material, but represents
how I would work with it as a designer. Other designers would bring their own, very different,
aesthetic sensibilities to working with dynamic fabric, which I think is exciting to imagine.
Below are a selection of sketches and inspirations for Phem, early and mid-way through
the design process (Figure 6.1, 6.2, 6.3, 6.4). Also, see Appendix B or visit https://vimeo.
com/312751906 for an interview with me in my role as “fashion designer”, describing inspirations for Phem.

Figure 6.1. Very early ideas for Phem on how dynamic fabric can be worn in subtle ways. Here I explored adding green
accents to clothing by fashion brand, Babyghost Spring/Summer 2016.
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Figure 6.2. Inspired by embroidered leaves and floral patterns from designer Dries van Noten.

Figure 6.3. Sketches for how the model might blend with the surroundings in the fashion film.
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Figure 6.4. Several garment sketches for Phem. I have noted possible pairings of garments to dynamic patterns I believe will suit each outfit.
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6.4 Paper: Wearing Digital Shimmers: A fashion-centric approach
to wearable technology
Original publication: Mackey, A., Wensveen, S., Wakkary, R., Hupfeld, A., & Tomico,
O. (2019). Wearing Digital Shimmers: A fashion-centric approach to wearable technology. Proceedings of the 4th Biennial Research Through Design Conference, 19–22.
My role: Main author of text; main researcher/participant in case studies described;
framing and analysis of case studies shared by co-authors.

Abstract
This paper describes an approach to designing wearable technology that sees and uses the
technology expressively in terms of fashion, and minimizes the notion of its technological
function. We do this by presenting an account of the research through design project Phem, a
fashion brand concept for garments constructed with surface- changing, animated fabrics by
way of augmented reality.
Phem consists of five outfits paired with varying ‘digital shimmers’ (discrete animated videos)
presented through a short fashion film. The fashion film, which is a commonly used artefact of
the fashion field, traditionally aims to synthesize a particular mood and style for its garments.
In this case, the film also acts as a space for design inquiry where the temporal form of the
digital shimmers can ‘play-out’ over time, on a particular body, and within a particular context.
Furthermore, in ‘doing fashion’ and letting expressivity be the guiding concern, we discuss how
this approach differs from a prevalent technology-driven approach, and our deliberate attempt
to avoid a futuristic aesthetic that dominates the field of wearables.
Introduction
Over the last two decades there has been a surge of exploration, development and media hype
surrounding the integration of dynamic materials and smart technologies into clothing (Berglin, 2013; Ryan, 2014; Stoppa & Chiolerio, 2014; Toussaint, 2018), widely recognized as the
discipline of wearables or wearable technology. Related terminology includes wearable computing, fashion and tech, fashionable technology (Seymour, 2008), techno-fashion (Toussaint,
2018), smart textiles, e-textiles and smart garments. Although the differences between these
terms are not always clear, making such distinctions is often required to articulate the precise
implications and phenomena surrounding the notion of pairing technology with dress (Toussaint, 2018). Yet from the perspective of fashion, we postulate that these distinctions need not
be made. When glasses, hats, handbags and watches can be seen as functional items embraced
by fashion, or the Walkman and iPod which have been worn as fashionable accessories, we see
that fashion has always made room for functionality in expressive ways.
Fashion functions to create expression for clothing (Loschek, 2009), adding layers of meaning, imagined experiences, and de- sires to what we wear. Because of this, designing garments
requires a sensitivity to the materials that construct them–their qualities, behaviors, changing
significance and social effects. With ideals for creating something fresh yet connotative, unique
yet on trend, innovative yet wearable, and functional yet expressive, the fashion designer’s job
is one of balancing thresholds according to context. Throughout the design process a designer
is engaged in conversation with their materials (Schön, 1992) in anticipation of an event–of
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the garment being worn, being seen, and in a way, being performed. It is in these moments
that the clothing can become part of a fashion dialogue (Loschek, 2009; Mackey et al., 2017b).

Phem (feature picture for paper)

Our Inquiry
What we aim to examine throughout this paper and the work presented, are strategies for
seeing and using technology expressively in terms of fashion, and minimizing the notion of
their technological function. In other words, we aim to walk a line that uses computationally
dynamic materials for “doing fashion” as opposed to “doing technology”. We explore a fashion
design process that deliberately but skeptically integrates technology—always evaluating it on
its translation to fashion expressivity. We ask: How do dynamic materials and computational
technologies translate through this performance of wearing garments in the world? How does
a designer approach dynamic qualities that enable a garment to change shape, change colour,
illuminate, or make sound? From the perspective of everyday dress, how does a designer accommodate these sorts of shifting states while maintaining a garment’s expressive use of materials in a fashion context?
We examine these questions through the creation of Phem, a fashion brand concept for garments made with surface-changing, animated fabrics and presented through a fashion film.
Describing the fabric is sometimes difficult in that it functions as a hybrid material with two
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states—virtual and physical. However, it can be understood as working similarly to augmented
reality (AR) in that their appearance is altered in real-time through a smartphone screen using
green and blue fabrics that can be composited with a chroma-key app. The fashion film format
that we use to present them is a common artefact of the fashion field (Uhlirova, 2013), traditionally aiming to synthesize a particular mood and style for its garments; attempting to yield desire
for the clothing in support of the brand’s image. We have used this medium as a vehicle and outcome of our design research process, thus forcing the technological qualities found in the hybrid
clothing to be evaluated in terms of their ability to act as fashion. Furthermore, as the virtual
forms of the clothing have qualities that make them unfixed in time and space, that require a
clothing-wearing situation for them to become activated, the film format provides a platform for
them to exist. In these ways, the film provides more than just a context for staging the garments,
but also it co-shapes and co-generates their materiality as body-worn fashion objects.
We begin this paper by describing technology-centric trends we have identified for blending dynamic materials with clothing in the field of wearables versus the subtler more effective ways that
fashion has approached this. Next, we describe how fashion can be used to add a layer of meaning
onto clothing, and how the fashion film format plays an important role in this system. We then
contextualize Phem by relating it to previous RtD work, and describe the Phem design process
which includes concep-tualising the brand, identifying and distilling the digital expressivity, implementing a strict editing process that values unity of concept over effects, and styling the digital
shimmers through the pace of the fashion film. Finally, we conclude with a discussion for how
this work might be beneficial to wearables designers, and reflections on our RtD approach.

Background
Finding a place for wearables in everyday life
In terms of the day-to-day clothing and accessories we wear, wearables have not become pervasive wardrobe items. Garments with integrated technologies often present dynamic materials
with no previous heritage or social meaning in terms of everyday dress. Explicit visual changes
in colour, shape, movement and other dynamic qualities have yet to make sense outside of entertainment or artistic contexts. Wearing light, as an example, has been thoroughly explored within
wearable technology disciplines without finding social acceptance. Several illuminated garments
have been made available for purchase over the last decade (e.g. Moon Berlin, Lumalive, Utope,
CuteCircuit) without systemic changes to fashion despite much enthusiasm from media outlets.
Susan Elisabeth Ryan, in her book Garments of Paradise, describes early examples of wearable
technologies aimed at being expressive for personal wear. One example is cited from 1867,
where watch- maker Gustave Trouvé designed a hummingbird brooch with movable wings
displayed at the Paris International Exposition, and later produced and publicized “a line of
electronic jewels” with tiny 4V bulbs, only to find success in theatrical performance (Ryan,
2014). There have been patents filed in 1911 for an “Illuminated Vest or Coat Button” with
lights “controlled by a concealed button...and powered by a battery in an interior pocket”, as
well as an electrically heated garment in 1925 (Ryan, 2014). Having occurred so long ago, it
seems surprising to see these inventions reflect the current state of most wearable technologies
in terms of the consumer market, that of novel ideas whose place is weakly prevalent in sports,
work-specific, arts and entertainment contexts—but not in fashion.
Furthermore, motivations for integrating technology with garments often stem from persisting
societal beliefs about technology—that we should do it “because we can” (Dunne, 2010) and that
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technology will free us from physical labor. In Vogue’s 1939 Fashions of the Future exhibition, designer Gilbert Rhode dressed in his version of “‘the man of the future,’ representing a ‘revolt’ from
woolen suits and ‘a life- time spent buttoning and lacing...the ritual of fitting’” (Ryan, 2014). The
suit was a loose-fitting jumpsuit with a vest that had a telephone attached at the center of it. These
kinds of perspectives give a heightened status to future scenarios and assumptions that technological progress is always better than what we have. They forget that textiles, clothing, and even
things like buttons and laces, have persisted for thousands of years, and that because of this there
might be little room for improvement; that they are so culturally embedded that this cannot be
disrupted by claims of efficiency. Clothing and fashion function to negotiate a person’s identity in
society, to ideally support their best or most authentic self in varying contexts that extends from
rich histories of fashion and dress. Adding layers of hyper-dynamic movement, changing colour,
illumination, and shape changes seems almost primitive compared to the subtler, multifaceted
ways that clothing can already express who we are or want to be.
Frequently, aesthetic references for garments or accessories with dynamic behaviours draw from
science fiction and other utopian/dystopian futuristic visions for body-worn technologies. They
take inspiration from cyborgs, robots, alien biology, or the clean lines and minimalist tastes popularized by Mac (Manovich et al., 2001). Furthermore, as sports and active-wear function to
optimize the wearer’s performance, wearable technologies naturally fit into this genre and follow
similar aesthetic “sportswear” cues, again favouring a minimalist aesthetic featuring smooth and
curved lines. While there is nothing inherently problematic with smart garments following aesthetic threads drawn from cultural constructs of technology, as fashion objects this makes for a
shallow pool of semantic reads that could be contributing to their niche existence.
What these examples illustrate is a prevalent technology-driven approach for integrating clothing
and accessories with technology that do not draw from perspectives of clothing in terms of fashion. Certainly, there are seminal examples from fashion runway shows that demonstrate expressive explorations of dynamic materials such as Hussein Chalayan’s Video Dress in 2007 and Viktor & Rolf’s blue chroma-key dresses in 2002 (Uhlirova, 2013). Using the runway show format,
they present highly stylized visions for technological garments that trigger the imagination yet
still speak to the fashion tastes of the season. Similarly, our research explores a fashion-oriented
approach to technology-integrated dress that prioritises this kind of provocative expressiveness.
As such, our research attempts to work in continuums of meaning where the expressivity of
the digital aspect draws from cultural references not entirely connected to concepts of the
future or sports, and situates digital aesthetics amongst everyday objects and things. From the
perspective of design researchers working within a “wearable technology” context, we explore
using fashion strategically for its ability to build imaginary worlds surrounding clothing, while
at the same time grounding it in references from everyday life. By deliberately avoiding or
minimizing science fiction aesthetics, and by not venturing too far into the genre of artistic- or
high-fashion, we seek a threshold in our design process that might bridge an understanding of
fashion paired with dynamic materials to contemporary dress.

How fashion gives meaning to clothing
The term ‘fashion’ is ambivalent. It can be understood as style trends of the moment, conjure
images of runway models, refer to preoccupations with superficiality, be an inspiring art form,
or be something we might try to achieve when getting dressed. For this paper and research, we
use and define fashion as the system of reference and expressivity that enables garments to be
95

social tools. We understand fashion as the layer on top of clothing that speaks to us, supported
by multiple points of reference and forms of fashion media. As described by fashion theorist
Ingrid Loschek (2009),
Clothes, including accessories, are products which are realised by means of a design
process. Which of the products are accepted and become fashion is determined by the
society, a group within society or a single community...Fashion extends far beyond the
objective aspect of the product, clothing. It gives this clothing social purpose, above
and beyond those of function and aesthetics. Clothing is supplemented by semblance
and illusion, which are defined as increased value or additional usefulness; in short, as
fashion. (p.142-143)
The construction of fashion begins with garments being presented on a runway, through fashion magazines or other forms of advertising (Loschek, 2009). Here, designers and stylists can
put forth an idealized, highly stylistic, vision surrounding the fashion image they wish to attach
to the clothing. As Loschek writes,
It is significant that we do not refer to a ‘clothes show’ or ‘clothes photography’, but to
the ‘fashion show’ and ‘fashion photography’, for they grant the semblance and illusion
of fashion to clothing. Fashion is far more than appearance; it is function and meaning.
(p.142-143)
At present, the fashion film is
an important part of this fashion system. There are precursors
to its current form that can be
traced back to fashion’s relationship with film and cinema over
one hundred years ago (Uhlirova, 2013). Yet it has only truly
come into being in the last fifteen
years with the ubiquity of digital tools. Interestingly and most
significant to this research, its
format is valued for its ability to
place fashion into explorations of
time and movement. As Marketa
Uhlirova (2013) writes,

Figure 6.5. Phem garments being worn by model who poses in the doorway of
an old house. Photo: Angella Mackey. Model: Anne Forceville
96

Above all, the fashion film
has come to embody a
growing interest, within
the realms of fashion
promotion,
imagemaking, and experience,
in the expressive and
marketing
possibilities
of movement and time.
Unlike photography and
other static imagery, the

fashion film unfolds in time (as if somehow fulfilling a potential only suggested in
photography or illustration), and, unlike the fashion show, it fixes fashion as image. Still,
the fashion film is understood here not in isolation from these forms, but rather through
their intermedial links, which have intensified in the “digital age”... (p. 136-138)
With fashion designers beginning to show more interest in technologies such as virtual reality(VR) (Arthur, 2016) and augmented reality (AR) (e.g. Normals, 2012; Weimans & AugmentNL, 2013), and with the continued development of dynamic and smart materials, the film
format provides a platform to communicate the experience wearing them in terms of fashion.
As we hope to demonstrate through our example of Phem, the fashion film provides a practical
solution for exploring digital materials that possess a temporal form (Vallgårda et al., 2015)
and intangible qualities, as well as naturally providing a situation charged with expressivity
and reference.

Designing hybrid garments by ‘doing fashion’
Phem as a brand image that could exist today
Phem is preceded by a longitudinal, auto-ethnographic study called Greenscreen Dress that
explored the lived experience of dynamic, surface-changing, fabric (Mackey et al., 2017a;
Mackey et al., 2017b). For one year the designer and researcher, and first-author of this paper, wore green fabric every day in conjunction with a chroma-key app to mimic the experience of dynamic garments. She composited videos onto her green clothing, and presented
the garments being worn on Instagram so that they would have an audience. Findings from
Greenscreen Dress included insights about the implications of wearing surface-changing fabrics, examinations of the speculations that had been previously made about such fabric, as well
as a series of material explorations that played with the translation of digital videos through
the physical materials (Mackey et al., 2017a). Within an RtD context, the work demonstrated a
mode of speculation that drew insights from the variables of a genuine social context, and gave
the exploration enough time for changes and patterns to be identified.
Phem is the next step of this research building on selected insights from Greenscreen Dress
and extending this particular kind of RtD approach. It moves the exploration of dynamic fabric from the perspective of one person wearing it, to forming a cohesive translation of it for a
broader audience using fashion design. In order to approach pairing garments with technology
differently from an observed techno-centric perspective or dominant futuristic aesthetic in the
wearables field, our main strategy was to conceptualise a fashion brand that could theoretically exist today. This meant drawing inspiration from current fashion brands, making clothing
that could be easily manufactured, planning for and collecting aritfacts to support an eventual
social media presence, and generally trying to see and work in continuums of meaning and
contemporary reference. This approach was strategically designed to “ground” the results in a
contemporary context and make something expressive without venturing too far into an art- or
high-fashion context.
The approach also meant removing the dominant speculative element from the previous work
found in Greenscreen Dress. Instead of working with an “approximation of dynamic fabric”
(Mackey et al., 2017a), for Phem we explicitly made garments with surface-changing, animated
fabric using an augmented-reality system. On the one hand, these garments physically appear
as any ‘normal’ garment, and through a smartphone screen the green and blue hues in the fabrics can be composited live with videos. To do this we used the same smartphone chroma-key
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apps used in Greenscreen Dress. For Phem, the speculative aspect is subdued by seeing the
animated fabric in front of us and asking “How can this become fashion?”. By committing ourselves to ‘doing fashion’ and nothing else, the expres- sive potential of the technology becomes
valued over all other things. This means less examination of the practicalities of wearing the
garments, and more on the pursuits of Phem as a supplemental layer of meaning on top of the
clothing–supported by the whole ecology of the things we made such as photographs, jewelry,
fabric samples, a logo, digital shimmers, a designer interview, and fashion film.
To clarify, we postulate that in ‘doing fashion’ for Phem, expressivity becomes our guiding
concern. As such, this approach seeks to understand the surface-changing garments in relation to strategies of and priorities used in fashion. This includes exploring the expressivity
of the new material in an open-ended way and ways that relate to clothing craft techniques,
to acknowledge the heritage of materials at
hand, to work with references that extend
from of the dialogue of a particular community, and to generally construct an ecology of
things that relate to each other in implicit or
explicit ways. In the following section we describe details from the Phem design process
that includes making clothing, designing and
activating the ‘digital shimmers’, planning,
filming and editing the Phem fashion film
in order to demonstrate this fashion-centric
approach.

Phem
The initial brand concept
Broadly speaking, Phem was conceived to
be directed at women in their thirties, to be
feminine and sophisticated, and inspired by a
Figure 6.6. Polaroid photograph that features laser-cut heatpress
“Scandinavian minimalist” aesthetic observed
appliqué on shirt in faux metallic snakeskin. Photo: Angella
in some popular Swedish fashion brands. We
Mackey, Model: Anne Forceville
compiled a mood- board of existing garments
to reflect this on Pinterest that visualized
these themes, and depicted a range of simple,
loose-fitting silhouettes and fabrics with soft, solid colour palettes. We made garment illustrations and sourced fabrics, editing the choices frequently. Through an iterative process, the minimalist feel we originally envisioned became overtaken by more colourfully decorated fabrics,
yet remained present in the simple forms and silhouettes of the garments. We added to our
moodboard inspirational fabric prints and material embellishments to reflect this change.
In parallel, we began envisioning how the clothing would be depicted in the fashion film.
We observed many fashion films from fashion brands and designers that spoke to the same
sophistication we hoped to achieve. We became inspired by the slow pacing of a Gucci film
(Sigismondi, 2016) that rendered mundane things like sitting and looking, walking and daydreaming into whimsical aesthetic experiences. Similarly, we gravitated to many films by the
fashion brand COS (HART + LËSHKINA, 2016; hehehe, 2015) that had a similar effect but
with less colour and cleaner lines.
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We aimed to depict the model
in our film doing everyday tasks
that were uncomplicated, but
to mix this everydayness with a
surreal mood. Towards this end,
we shot in the empty rooms of
an old house amongst vintage
props and outdoors in the surrounding rural area. Everything
was stylized to project softness
and femininity (Figure 6.13).
Props and details of the house
included four pairs of vintage
shoes from a secondhand shop,
a beige ceramic coffee mug and
urn, a seafoam-coloured metal fan, a sixties beige laminex
kitchen table and chairs, diamond-crossed windows with
old-fashioned latches, and
more. There were five settings
that depicted six scenes. The
model would be seen doing the
following actions: walking up
and down the stairs, standing in
Figure 6.7. Phem clothing: Features top and skirt with fabric printed with colthe front doorway of the house,
or-halftone effects. Photo: Angella Mackey, Model: Anne Forceville
washing her hands, looking in
the mirror, opening and closing
a window, putting on pantyhose, pouring coffee, reading a newspaper, and walking through a field of tall golden-coloured
grass. Furthermore, we chose to accompany the film with soft piano music by Julien Marchal
that held audible artefacts of the piano keys and peddles creaking in the recording as a way to
complement the mood and include an old piano as a prop without it being physically present.
Identifying and distilling the digital expressivity
From the previous Greenscreen Dress study, we were familiar with the many options for digital animations that could be “worn” on the garments. We had tested graphical patterns like
polka-dots and stripes, videos of things such as rain and a mechanical toy bunny, colourful
abstract animations at various speeds and com- positions, imagery from our surroundings
like the passing landscapes viewed from a train and pink bubble wrap on our desk, as well as
distorted and pixelated videos using the chroma-key app in unintended ways (Mackey et al.,
2017a; Mackey et al., 2017b). Many of these experiments were presented on Instagram and
gathered niche sets of followers. Of those, we were most interested in the items tagged with
#spacesynth and #glitchfashion, which attracted followers interested in similarly named and
related tags such as #glitchart, #synthwave, #mixedreality, #digitalcollage, #spaceart, #abstract,
#electric, #newmedia and #spaceambient.
These kinds of tags and tag collections placed under Instagram images shared similar qualities
and characteristics. Collectively they spoke of a genre of uniquely computational aesthetics,
where- by artefacts of the computer screen and errors in code generated distortions that were
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considered accidentally beautiful. This is ‘glitch art’, and has been described in a glitch art context as making “video malleable” (Ram, 2012) alluding to a kind of materiality generated from
the digital tools. The #spacesynth tag built on top of this, relating to a retro-futuristic aesthetic.
In this context the aesthetic draws from eighties and nineties tastes for neon pinks and blues,
ambient electronic music, space-like backdrops, and a “softer” computer aesthetic qualified by
curved lines and soft glowing lights in comparison to the more graphical and pixelated glitch art.
Recognising the meeting points of these descriptions, we drew inspiration from them for
Phem. As we were still developing our own internal terminologies surrounding what we were
making, first referring to the videos on the garments as dynamic or digital fabric, then digital
patterns, and next digital- or animated- motifs, it made sense for us to be thinking of the computer in terms of its materiality and seeking by-products from the computer screen as a form
of digital expression, like glitch art. We tied this to the imaginary world surrounding ‘space
synth’, drawing from its softness and lineage to holographic colour schemes that foreground
soft rainbow hues. We drew from this softness to project a mood of femininity. All of this,
resulted in collections of abstract video animations for Phem which we settled on referring to
as digital shimmers. Most had pink and pastel, rainbow-like colour palettes, some with black
and silver included, and all moved and changed in sporadic ways that reminded us of sparkling fabrics (Figure 6.8 a, b, c, d). We made them by capturing glitch-like imagery from the
computer screen. The change in terminology that we used when making these animations was
significant, suggesting a shift in perspective from designing objective things (fabric, patterns or
motifs) to articulating their dynamic quality, that of ‘shimmers’.

Figure 6.8 a,b,c,d.
Stills depicting the
animated motifs, or digital
shimmers. Photo: Angella
Mackey
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Strict editing process that values unity of the expressive concept over effect
In our previous explorations with green materials and a chroma-key app (Mackey et al., 2017a;
Mackey et al., 2017b), we learned that fabric qualities other than an exact chroma-green (the
bright green that the app was programmed to seek) would affect how the digital shimmers appeared through the garments. For example, if we chose a smooth fabric that was chroma-green,
the fabric itself would disappear and become entirely replaced by the video or image. Instead, if
we used a green fabric with a different shade, with noticeable textures, or with some sheerness,
the results would blend with these qualities, for example, by maintaining the sheerness. This
presented opportunities to explore how the digital shimmers and physical materials could expressively intertwine–having the digital be reflected through the physical and vice versa without losing either one. For this reason, we made garments and accessories that used many kinds
of fabrics and materials, including heavy woven and quilted fabrics, sheer silks, large plastic
sequins, many light and dark shades of green and blue, laser-cut fluorescent acrylic materials,
artificial green metallic
snakeskin (Figure 6.6),
and stretch jerseys.
We also experimented
with designing custom
printed fabrics and laser-cut shapes from various materials to further
explore our control over
the output. We did many
tests, producing prints
that com- bined large
pieces and bits of all the
possible chroma-key colours, that of green, blue
and pink (Figure 6.9). We
laser cut acrylic jewellery
and circle shapes with
“glitch-like” distortions
for appliquéing onto fabric (Figure 6.6). The most
surprising results came
Figure 6.9. Printed fabric for testing. Photo: Angella Mackey
from a series of prints we
designed that used colour
halftone effects in Adobe
Illustrator CS. It worked as a colour separation technique that reduced solid colours to gradients of dots in different sizes (Figure 6.10a, Figure 6.11). Looking at them on the computer
screen, we thought they suited the brand concept well. When they were printed as physical
fabrics however, they surprised us in other ways. Firstly, they confused the smartphone camera. The colours were perceived differently up close versus far away, meaning, the app would
composite them with shimmers at far distances, but not when the camera moved close. Secondly, some of the colour halftone prints created a shimmering moiré effect when seen in the
physical form. The effect reminded us of computer screen moirés effects we had been sampling
to produce the digital shimmers in the first place. Thematically, the color-halftone patterns
created a cohesion for Phem.
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Left to Right: Figure 6.10 a. Colour halftone print derived from fabric used for purple coat. Figure 6.10 b. Fabric used for purple coat.
Photos: Angella Mackey

These material explorations resulted in the construction of nine garments with custom-printed
fabrics, two garments with heat-press appliqué, one garment with sequins embellishment, five
garments made from other textured and sheer fabrics, and multiple pieces of jewellery using
plastics and acrylics. We hoped to include as many different kinds of materials as possible so as
to show off the unique effects of the chroma-key app with corresponding materials. We compiled a list of effects entitled “The catalogue of digital effects”, that de- scribed them and listed
even more effects we hoped to pursue. How- ever, trying to include them in this way began to
blur the Phem brand vision. The unity we aimed for became muddled by trying to push Phem’s
voice through “effects”. It was decided to heavily edit down the garment selection to only ones
that related to each other. This included cutting out some of
the garments with the most interesting colour halftone effects,
but also adding new ones to “join” the ones that remained. We
did this by scanning fabrics from two coats and derived new
colour halftone prints from their core patterning (Figure 6.10
a,b), as well as embellished a sheer nude-coloured fabric with
large pastel-coloured sequins that related both to the characteristics of the digital shimmers and the dots within the colour
halftones patterns.
To summarise, we experimented with many materials and
techniques for controlling the translation of the digital shimmers through the fabrics, and the fabrics through the shimmers. The final garments that were chosen for the film were
ones that referenced each other, and particularly those that reflected qualities found in the digital shimmers. This included
themes from holographic colour palettes, com- puter screen
artefacts, and circle shapes. The final film presented four garments with colour-halftone prints (Figure 6.7), one laser-cut
“glitched” circle appliquéd onto a jumper (Figure 6.6), and a
shirt embellished with circle-shaped sequins (Figure 6.14).
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Figure 6.11. Colour halftone effect that has
a moiré effect. Photo: Angella Mackey

Styling the digital shimmers through the pace and context of the fashion film
This final design activity explicitly draws from our “pre-digital” fashion knowledge, relating to how the digital shimmers were reminiscent of sparkling fabrics and materials.
Sparkling embellishments such as sequins have a rich history in fashion, going as far
back as Tutankhamun (“King Tut”) whose garments were found embellished with gold
sequin-like discs (Spivack, 2012), likely some form of coin. Generally, sparkling materials
like sequins were a sign of wealth and nobility, and as they became more readily available
in the 20th century their symbolism transformed into varying degrees of enchantment, elegance and glamour. Herbert Lieberman was the first to make sequins from film-stock acetate in the late nineteen-thirties, and said “The light would penetrate through the colour,
hit the silver, and reflect back...Like you painted a mirror with nail polish.” (McCormack,
2005; Spivack, 2012)
Designing and styling with sequins, and other reflective materials, requires tuning to past and
contemporary cultural understandings of their effects, whether this is learned explicitly or tacitly engrained through experience. Considering the social contexts that they are worn, and how
they are worn, can affect the degree to which they can be used to distract, dominate or allure
onlookers. This threshold, between being perceived as overly ostentatious or fortuitously enchanting, is a balancing act a fashion designer or stylist navigates when working with sparkling
materials. For Phem, we activated the digital shimmers with these thresholds in mind, seeing
them and working with them as expressive extensions of shimmering materials. We aimed to
have them appear fortuitous, presenting the model as passive and not explicitly in control of
their occurrence.
Still, the digital shimmers are virtual and do not behave like physical shimmering or shiny
materials. They are not activated by light or the movements of their wearer. So, styling them
required special conditions which we found in the film format. If sparkling fabrics can be considered dynamic or surface-changing, then in comparison the digital shimmers are hyper-dynamic—by being in motion constantly, at varying speeds and rhythms, and not fixed in a real
time or a physical space. Objectively they sit in an image folder on our smartphone and despite
testing them on the garments at our studio, we did not confidently know how they would be
worn as garments. The film offered a platform for us to experiment with placing them (Figure
6.12a, b, c), helping us answer questions for when? where? and how? they should they be styled.
In a way, the film allowed us to fix them in time and in a space where previously they existed
in a space of potentiality. With the context that the film provided–a person, garments, setting,
activities and a linear timeline–the moving shimmers came into existence. Styling this included
balancing semantic readings for the contextual whole of each scene, including the vintage feel,
as well as compositional elements including colour, line, texture, light and shadow. This meant
discovering which shimmers truly “worked” with each garment in each space. Considering the
temporal form of the digital shimmers, the fashion film provided a place for them to “play-out”
the shimmers into “fashion” in ways not possible throughout our explorations in a studio or by
documenting their effects.
When the film was finished, we felt we had achieved the right balance and that the shimmers had come to life. They appeared and disappeared in their own unique way, which was
different from traditional sparkling fabrics yet somehow an extension of their lineage and
effect. As hybrid, surface-changing garments we brought together two expressive forms, that
of clothing and digital phenomena, contextualizing and unifying them through the Phem
brand concept.
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Top to Bottom: Figure 6.12 a, b, c. Screenshots from Phem fashion film depicting the digital shimmers in
action. Photo: Angella Mackey, Model: Anne Forceville
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Summary and Contributions
As we hope to have demonstrated throughout this description of Phem, there is value in
approaching clothing-based dynamic materials from a fashion-centric perspective. In using
expressivity as a guiding concern, and a fashion brand concept as the boundaries of this
expressivity, the emerging technology became part of a dialogue broader than itself as a
singularly designed object. Phem draws inspiration from contemporary fashion brands, and
thus takes cues aesthetically from contemporary sources that exude sophistication and femininity. By styling it amongst everyday activities and vintage settings it became relatable but
at the same time surreal enough for it to be considered fashion. By drawing from Instagram
communities related to the tags #spacesynth and #glitchfashion, it extended an existing dialogue surrounding an imaginary world and aesthetics drawn from glitch art. By using screen
distortions to create the shimmers and fabric prints, the virtual and physical forms of the
garments related to each other in multifaceted ways. By styling the digital shimmers as if they
were sequins, we built on top of the heritage of sparkling materials. And finally, the threads
that tie each of these details together were able to play out cohesively in the fashion film,
acting as an articulation device for the imagery we hoped to attach to the clothing, and for
it to become fashion.

Discussion
Setting up the conditions to challenge wearable technology characterizations
As described earlier, we have observed the wearable technology discipline to be characterized by science fiction, futuristic or sports-related aesthetics. While this is not a problem per
se, it creates an opportunity to explore something different, one that deliberately steers away
from this tendency. For designers who wish to bring technology closer to everyday dress, this
strategy could be beneficial. To further demonstrate this, in 2013 after a year of Google Glass
being criticized in the media for its lack of style (Honan, 2013), Vogue magazine featured it in a
twelve-page spread called “The Final Frontier” (Vogue, 2013). It presented models wearing Oscar de la Renta and Gucci with the glasses against dystopic landscapes and space-like architecture. Although indeed the references are futuristic, they are heavily blended with vintage-style
haircuts, accessories, garment silhouettes, wool textures, colours, props and materials from as
far back as the 1930s up until the early 2000s. Furthermore, the glasses themselves almost dis-

Figure 6.13 (collection) Polaroid photographs from film shoot. Photo: Angella Mackey, Model: Anne Forceville
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appear in each depiction, making the focus of the photoshoot the entire outfits and construction of the imaginary world and the people in it—a bigger picture than the device. Presenting
wearables as fashion in a fashion context can be very persuasive in shedding the ‘gadget-ness’
perspective that tech companies often put forth. Similarly, approaches to wearables that draw
from a contemporary fashion dialogue and consider the ways technology can work to extend
fashion expressivity, might function to draw wearables out of its niche existence and closer to
everyday dress.
For Phem, we wanted to create a setting that would enable us to navigate this possibility. This
meant deliberately avoiding filming the garments in isolation (e.g. a white studio backdrop)
or in a setting that said “the future” or “technology”. We aimed to explore and understand
the notion of surface-changing garments through their relations to everything else, exploring
different arrangements of things next to things. There were specific questions we had in the
beginning of our process based on our experiences with wearables, that we sought to resolve
throughout this process, which helped us to see more clearly the technology’s potential as fashion. For example, we wondered, could the digital aesthetics of the clothing be used to express
femininity when technology is so often perceived as masculine? Is it possible to depict technology without saying “the future”? How would the animated fabrics work being set next to
everyday activities such as pouring coffee? And, considering Greenscreen Dress only depicted
garments in 6-12 second Instagram video clips, how would they be worn over longer stretches
of time? As fashion media are designed to prioritize expressivity and be referential to fashion
history or contemporary cultural phenomena, filtering wearables through this lens naturally
extracted a vision more closely connected the ecology of everyday dress. Furthermore, choosing to use the fashion film as an end goal provided a platform that allowed us to explore aesthetic arrangements for AR-enabled surface-changing fabrics, well before such fabrics have
been made easily accessible or commonplace to fashion designers.
Exploration of a technology through it relations to other things
In the work preceding Phem, we confronted speculations about dynamic, surface-changing
fabrics through the day-to-day lived experience of it. Here, we were able to examine how this
fabric created shifts in our personal experiences with clothing, how it made us feel, how it
affected the people around us and much more (Mackey et al., 2017a; Mackey et al., 2017b).
This exploration was open-ended and resulted in a series of reflections, skills and knowledge
surrounding dynamic fabrics. We described (Mackey et al., 2017a) a moving “beyond speculation” due to the real and presently-existing variables of a genuine context, writing,
... we focus on how the activity of wearing an approximation of dynamic fabric in
everyday life combined with design activities can bring speculative explorations of
dynamic fabric into day-to-day living. What we mean by this is that the inquiry is moved
into a space where an extended time period, situated audience and genuine social context
become variables. These variables, in turn, allow us to challenge previous assumptions
or speculations, observe new opportunities that emerge, and place a genuine sociocultural perspective at the center of the discussion. (p. 442)
Phem builds upon the skills and knowledge gained from Greenscreen Dress, but also its methodological core. In order to explore how dynamic materials can blend with everyday dress, it
too immerses this concept in a genuine context, that of genuinely building the look and feel of
a fashion brand identity and giving it a broader function through fashion.
Yet this new goal made the journey entirely different. It was less forgiving than the open-ended
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explorations of Greenscreen Dress. It called for the precision of design where more attention
was given to the connections made between the designed artefacts, the heritage of the materials that construct them, the imaginary world surrounding them, their place in the existing
world, and the communication of all of this to an audience. By creating Phem, the notion of
sur- face-changing fabric is formed through its distillation in the fashion design process where
expressivity and reference are prioritized over all other things. In other words, the clutter of
Greenscreen Dress was cleared away so that Phem could build a unity from all the things chosen to surround it. As John Dewey (Dewey, 1934) writes,
It is significant that the word “design” has a double meaning. It signifies purpose and
it signifies arrangement, mode of composition. The design of a house is the plan upon
which it is constructed to serve the purposes of those who live in it. The design of a
painting or novel is the arrangement of its elements by means of which it becomes an
expressive unity in direct perception. In both cases, there is an ordered relation of many
constituent elements. The characteristic of artistic design is the intimacy of the relations
that hold parts together. (p.121)
If the purpose of design is to take tools, materials, or ideas, transform them and make sense of
them for a broader group of people, then this is how Phem acted as the next step of the Greenscreen Dress study. It moved the exploration of dynamic, animated fabrics from its relationship
to the thoughts, feelings, and contexts of one person’s life, to an exploration of its relationship
to a broader cultural dialogue already taking place in fashion.
Future Work
The next step of Phem will be to
present the selected artefacts collected or made during this study
to an online audience: the moodboard, fashion illustrations, fabric samples, collections of digital
shimmers, clothing, jewellery,
logo, video of an interview with
the designer, digital photographs,
Polaroid photographs, and the final fashion film. All of these artefacts attempt to speak to each
other, entangling the same aesthetics, and drawing from the
same aesthetic sources. By way of
social media such as Instagram,
Pinterest, Vimeo, and Facebook,
we will attempt to build an appreciative audience for Phem
and reflect on this next step of its
transformation.

Figure 6.14. Sequins embellished top. Photo: Angella Mackey,
Model: Anne Forceville
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Conclusion
In this paper, we discuss technology-centric approaches to the field of wearables, and how
fashion can be used strategically to deflect this. We describe how fashion adds a layer of meaning onto clothing, and how the fashion film can be used to specifically explore materials with
a temporal form. We describe the Phem design process which includes conceptualizing the
brand, identifying and distilling the digital expressivity, implementing a strict editing process
that values unity of concept over effects, and styling the digital shimmers through the pace
of the fashion film. Finally, we conclude with a discussion for how this work can be valuable
to wearables designers, and reflect on our RtD approach which aims to explore an emerging
technology via its relations to other things.
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7
Satisfying
a Conversation
with Materials for
Dynamic Fabrics
7.1 Introduction
This chapter presents the fourth paper, “Satisfying a Conversation with Materials for Dynamic
Fabrics”, published as part of the proceedings for the 2019 Designing Interactive Systems Conference (DIS). This paper is the next step of my inquiry into dynamic fabric, asking In what
ways can dynamic fabric be understood as a material?
In the following section, I explain how this paper contributes to the broader context of this
dissertation, followed by the paper itself.

7.2 Contextualising this paper in this dissertation
This paper dives deep into the designer–material relationship between myself and the dynamic
fabric throughout the Phem case study. It describes my frustration working with the intangible
aspects of the dynamic fabric because it is mediated through my phone’s screen and other
screens. As a designer accustomed to working physically with fabrics, I wanted to rip, tear,
drape and fold the fabric, but could not. The paper relates this frustration to writings by Donald Schön and Tim Ingold that describe working with materials in a conversational manner—
one where the practitioner can expect some form of in-situ response from their materials in a
making process. My inability to “touch” the dynamic fabric left me feeling unable to affect it
and to get a response. I use this lens of conversing with materials to describe the ways I personally overcame my difficulties working with the non-physical aspects of the dynamic fabric,
while still feeling creatively and bodily-engaged. For example, the paper describes the ways I
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worked with the screens themselves as “raw” material, and that by editing down the number
of videos (or “animated motifs”) on my phone I found it easier to internalise them and apply
them as patterns to the clothing in an instantaneous way.
In terms of this dissertation and it’s examination of what dynamic fabric is, this paper documents when I began to see and more explicitly understand the dynamic fabric as a material
in and of itself. Differently from the previous paper, I do not describe the dynamic fabric as
an animated fabric using AR. Instead, I write that AR is a technical description that does
not best articulate the qualities I explored. I write that the dynamic fabric “has an active
dynamic quality in both digital and physical contexts...[It] can be transformed through a
digital screen, through the physical world, and appear differently in digital and physical
contexts simultaneously...” This description of some of its qualities, combined with the ways
I articulate conversing with it, provide evidence of its emergence as a material in the context
of this research.

Figure 7.1. Two screenshots from the Phem fashion film. From left to right, the dynamic fabric is not-activated and activated.
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7.3 Paper: Satisfying a Conversation with Materials for Dynamic Fabrics
Original publication: Mackey, A., Wakkary, R., Wensveen, S., Hupfeld, A., &
Tomico, O. (2019). Satisfying a Conversation with Materials for Dynamic Fabrics.
Proceedings of the 2019 on Designing Interactive Systems Conference, 1047–1058.
https://doi.org/10.1145/3322276.3322371
My role: Main author of text; main researcher/participant in case studies described;
framing and analysis of case studies shared by co-authors.

Abstract
Schön describes the way a designer engages with their materials as a “conversation”. In clothing
design this typically involves tangible and situated actions such as draping, ripping, and cutting—actions that evoke responses from the fabric at hand. Dynamic fabrics—surface-changing fabrics that combine digital and physical states—are still novel fashion-design materials.
When working with the digital, intangible qualities of these fabrics, how does a dialogue unfold for designers accustomed to working physically with fabrics? In this paper we examine the
design process of Phem, a collection of garments that use dynamic fabrics that function similarly to augmented reality. We reflect upon the improvisations required to satisfy a productive
dialogue with the digital forms of these materials. We conclude with a discussion that proposes
revisiting Schön’s notion of a conversation in the context of digital forms, and use Ingold’s
perspectives on making to inform this inquiry.
Introduction
There is great potential in the use of dynamic fabrics in fashion, that is, surface-changing fabrics that possess blended digital and physical states. This is especially true as fashion blends
both online and offline experiences. For the fashion designer, working with digital or computational forms of fabrics presents a challenge that differs from working directly with physical
materials. A designer is skilled at navigating the making process with traditional textiles, but
how do they maintain that expressive use of materials through a computer screen? How might
they develop a tacit knowledge when a fabric’s digital state is animated, ephemeral and something that they cannot touch?
Clothing designers working with fabrics, and other materials-based practitioners, tend to engage
their materials in a “conversation” throughout the design process [28,29]. In fashion, this typically involves tangible and situated design actions such as draping, folding, ripping, cutting, or
piercing actions to evoke a response—“backtalk”, as named by Schön [42]. This tells the designer
something about the material, and informs their subsequent design actions. The lack of tangibility in the digital context suggests a mediated interaction with the material, which can be frustrating for a designer accustomed to a direct, hands-on relationship with fabrics in their process.
Dynamic fabrics used for clothing have been explored in a variety of contexts that mix digital
and physical states. Examples include smartphone-enabled augmented-reality (AR) garments
[12,25,40,44], retail experiences [25] and casualwear depicted in speculative films about AR
headsets [22,32]. Live video-mapping onto garments has been used for pop-music performances and retail experiences [28]. Furthermore, motion-capture technologies, typically used
to track body movements, have been used to capture textile movements to examine aesthetic
relationships between body movement, textiles and technology [31].
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There is much to examine in the shifts taking place for design processes that use dynamic
materials for clothing. From the perspective of a fashion designer interested in engaging their
practice with digital experiences, it can be challenging to encounter digital tools that suppress
the kind of workflow that can be described as a dialogue with materials. When working with
digital tools, unique adaptations to them, or personalised ways of working with them, will
quickly become obsolete when the interface or tool offering is updated. Without knowing how
to programme, there is little room for the kinds of destructive, exploratory or boundary-pushing design actions equivalent to ripping, pinching or unravelling fabric. To a fashion designer,
it might seem abhorrent that an engineer has pre-determined the variables of a situation which
they have yet had the opportunity to explore and design for. In what ways can working with
computational technologies be made more amenable to these kinds of concerns for fashion
designers, and other designers who perceive these blind spots to their process?
Towards this, our paper presents a detailed case study and analysis of the design process for
Phem. Phem is a fashion brand concept for garments made with dynamic, surface-changing
fabrics by way of real-time chroma-keying apps. We describe and interrogate the Phem design
journey as an inquiry into the conversation with materials that is had while working with the
digital forms of these garments. From the perspective of those in HCI designing tools and
materials with dynamic behaviours, we feel our account articulates some of the particularities
within the craft of fashion design that could benefit future collaborations between designers,
design researchers and technologists.
An important artefact for this work is a video that presents the Phem garments in a fashion
film, a medium widely used in the fashion industry and fashion research [36]. This video (see
vimeo.com/312729991) accompanies the core output of this paper, which is a reflective analysis of the fashion designer’s process. We see insights gathered from this analysis feeding into
broader strategies for HCI and other fields working creatively with dynamic fabrics and other
hybrid digital-physical tools and materials.
In the following sections we give a summary of the conversation with materials and how it relates
to fashion design processes seeking to work with dynamic fabrics. Next, we introduce our study,
Phem, and offer an account of the Phem design journey written in the first-person voice of the
designer, followed by a reflective analysis of this account. We conclude with a discussion that revisits Schön’s notion of a conversation with materials in the context of working with digital forms,
and how Ingold’s perspectives on making can inform the questions that arose from this inquiry.

Background
We have organized this section into two parts: the conversation with materials that articulates
typical designerly interactions with physical materials, and working with dynamic fabrics that
describes related work for designing with combined digital-physical tools and materials.
The Conversation with Materials
For materials-based designers—those working with clothing, textiles, furniture, and other designed artefacts—the physical manipulation of materials with sensitivities for their technical
performance and changing cultural meanings is fundamental to their craft [11,23,34]. Drawing
from the meeting points of works describing this particular relationship by Schön [28,29,42],
Ingold [14], and Manzini [23], the mode with which a designer works with their materials can
be characterized as a conversation [28,29].
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Generally, a design and making sequence might follow a path where a concept is envisioned,
materials are sourced, and a push-and-pull dialogue ensues between designer and materials
until the task is deemed complete. Results inevitably differ from the original concept, changed
by what the materials “told” the designer along the way. In other formulations, there is no
initial concept, and instead through rigorous explorations of the material a design concept
emerges from what the material has “told” the designer about its potential [11,17,23,41]. Schön
[29] describes the actions of these conversations as “seeing-moving-seeing” processes; Ingold
[14] as “following materials”. The design actions are not intended to result in a mastery of the
material at hand, but instead in an accumulation of knowledge and improvisational acts that
become internalised for how to work with this material. The designer uncovers the limits and
potential of the material through interactions with it via their hands, bodies, other bodies,
other objects, surrounding environmental actors, various scales of time, and various tools.
When designing clothing, the conversation with materials is essential, and arguably inescapable
for the designer. For those who enjoy the challenges of their craft, it is the part of the process
where designers solve problems in ways that are unique to themselves. Without achieving a feeling of having personally affected the course of a fabric in novel ways, a designer may feel unsatisfied with the results, or the experience of the design journey. This conversation traditionally relies
on the tangible manipulations and situated design actions of a fabric, often expressed through
pliable or exploratory actions such as ripping, scrunching, draping or pairing materials with other things. When this is not physically possible, as in the case of digital, intangible materials, the
designer will have to seek other means to engage the material in this kind of dialogue.
Working with Dynamic Fabrics
The conversation with materials requires a responsiveness to design actions so that something
can be learned and so that the design journey can move forward. Boundaries must be declared
by the material so that the designer can characterise it and understand it.
Though interaction design processes are beginning to be understood as a dialogue between
designer and materials [11,41], it is not yet clear how this dialogue unfolds when digital forms
are at play. This has been explored from a variety of perspectives that intermingle physical
and digital making practices, including articulations of computational forms encountered in
design processes [2,37,38], experiments and examinations of combining traditional craft processes with dynamic fabrics, soft electronics [3,6,34,43] and digital fabrication tools [5], and
examinations of the translations between craft and digital processes [39].
Digital forms come with unfixed qualities. Appearing unfixed in time and space, this perception counteracts material understandings. From the perspective of a materials-based discipline, digital things are intangible, they can be transported, copied and transformed at hyper
speeds, manifested ephemerally and in many places at the same time, and many times at the
same place. Paradoxically, these otherworldly qualities are tied to the physical forms of the machines that generate them [10,22]—often viewed through hard screens or connected to circuit
boards, batteries and wires.
Many artists can be seen to work with computational forms, virtuality, and digital tools at a
material level. New media artists, internet artists, glitch artists, electronic musicians, for example, all explore uniquely computational phenomena. They exploit, navigate, perform and articulate expressive spaces for the digital, demonstrating skilled craftsmanship in their medium.
The notion of embedding technology into clothing has opened up an exciting and rich de115

sign space. For over two decades the notion of wearable computing and smart textiles has
grown and been examined from multiple perspectives in HCI, materials science, textile design, fashion, media art, medicine, sports, and space travel [1,4,7,26,32]. The fashion field
has continued, as it always has, to explore the ways technology can operate in contemporary
fashion dialogues, often by way of expressive mediums such as film and runway shows [36].
However, despite the innovations in this area, relatively little has translated to everyday, mainstream dress [1,7]. Several design researchers have suggested approaching technology-integrated clothing from the perspectives of wearing and embodied design approaches [19,34],
textile and fashion design craft practises [4,8,16,35], in contrast to predominant techno-centric
approaches to wearable technologies.
Still, with fashion design specifically and its conversation with materials, there are many unanswered questions when examining the minutiae of mixing its particular ways of working with
digital phenomena, and the perceived immateriality of this space. For example, how does a
fashion designer constructively transform dynamic fabric in ways that are creatively satisfying?
In a discipline that hinges on its ability to provide garments for personal expressivity, how does
a designer converse semantically with digital qualities to express, for example, concepts such as
“sophistication” or “femininity” in the ways that clothing can?
For a fashion designer, the material conversation extends beyond the design actions in a studio.
It extends to the more complex contexts of the runway, fashion media and the worn life of the
garment where it can truly become fashion [18]. What the materials say in these contexts feed
back into the designer’s next actions. A material’s past and present life in the world—its material heritage and contemporary understandings—are important to fashion designers. Designers
will seek equally to make sense of the digital forms of dynamic fabrics in and amongst everything else so that meanings can be made, displaced and reconstructed.

Figure 7.2.
Compositing a
multi-coloured
animated motif onto
the green circle of a
Phem garment using
a chroma-key app.
Note the different
appearance of the
circle in the middle
of the shirt on the
smartphone and in
the mirror.
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Phem
In the context of this paper, Phem is a reflective analysis of the design journey for working with
dynamic fabrics in clothing. The final artefact of this design journey is a fashion film (see vimeo.
com/312729991). This film has been supported by the making of the Phem fashion brand concept, seven garments, and multiple abstract video animations composited onto the garments.
Description of the Dynamic-Fabric System for Phem
Technically, the physical fabrics used to make the garments possess particular shades of green
and blue that can be composited with digital videos using real-time chroma-key smartphone
apps. Put simply, the garments function as live, wearable green- and bluescreens.
It is accurate to describe the garments as AR garments, although this technical description does
not best articulate the qualities explored throughout this research. We describe the fabric as
dynamic fabric because it has an active dynamic quality in both digital and physical contexts.
The fabric can be transformed through a digital screen, through the physical world, and appear
differently in digital and physical contexts simultaneously when the app is being used by a
wearer or onlooker (Figure 7.2). Whether the fabric is being activated or not by the app, those
working with it in the context of this research understood the fabric to be embedded with this
ability—to become animated by digital videos through a smartphone screen. We refer to the
digital videos used in Phem as animated motifs (Figure 7.4).
Approach of the Research
The initial aims of the designer in this study was to create and present garments that appeared
“fashionable”, in her judgement, both in their physical and digital states using the dynamic-fabric system. The brand concept of Phem was generated to create aesthetic boundaries for the
fabric to work in and to aid in placing the garments within a contemporary fashion dialogue.
Making the fashion film, as a final goal, provided a platform for the physical garments and the
temporal form of the animated motifs to exist as one, both perceptively and expressively.
Contextualising Phem
Phem had originally been intended as a speculative work that extended a previous study
exploring the lived experience of dynamic, surface-changing fabrics called Greenscreen
Dress [19,20]. The motivation for this paper’s examination of the designer–material conversation comes from reflections made by the designer concerning a major shift in thinking that
occurred during the Phem design process. The separation of the digital state of the garments
on the smartphone from the green and blue fabrics in the physical space had originally been
viewed as a compromise: the loss of tangibility in favour of the ability to explore the experience of wearing fabric with surface-changing abilities. Although she could not physically
touch, rip, or embellish the videos composited into the fabrics, she found that her actions
began to feel similar to this physical experience. In other words, although there was a literal
material experience happening with the physical states of the fabrics, a shift in perspective
had taken place for the digital states. The designer reports a “realness” felt interacting with
the dynamic fabrics, which we have interpreted as a tacit knowledge [29] emerging through
her design actions. The designer writes in her journal:
This doesn’t feel like a speculation anymore. I’ve realized that the fabrics are real for me,
if for no one else.
This reflection sparked a new analysis of the design process taking place.
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Method
Phem was undertaken as an autoethnographic [9], research-through-design case study [21].
The designer pursued the task of designing garments, generating and styling the animated
motifs, making the film, and documenting her actions, thoughts and reflections as field notes
in a journal. This methodological approach was chosen due to the personal nature of such
craft processes that result in tacit knowledge. The journal writing over time exposed patterns
and shifts in modes of working that could be interrogated alongside research artefacts. The
resulting examinations have been articulated as a descriptive, reflective analysis as a way of
extracting knowledge from this design process.
Data and design artefacts from this process include sketches, garment prototypes, custom-printed fabrics, videos of the designer wearing and testing the garments, videos and images documenting material explorations, and descriptive field notes. The activities took place
over approximately one year, following the year-long Greenscreen Dress study [19,20] that
examined other aspects of dynamics fabrics using the same tools. By the end of the Phem study,
the designer had been working with the core tools—green and blue fabrics in conjunction with
chroma-key apps—for a period of more than two years.
The designer worked with a team of five researchers to dissect and analyse her writings and
reflections throughout and after the Phem design process. Themes were selected to make sense
of what had occurred. In the following sections, we describe an account of the design process
focusing on the design and implementation of the animated motifs. All information has been
extracted and summarized from the designer’s autoethnographic journal writing. This description is followed by a reflective analysis on the aspects of the design decisions we feel generated
the perceived conversation with the digital states of the dynamic fabrics.

Design Actions Summarized from Field Notes
This section will switch to the first-person voice of the designer, and first-author of this paper,
summarizing her design actions, thoughts and reflections throughout the process. It begins
with a summary of her insights from the previous work with green fabrics and a chroma-key
app, Greenscreen Dress, and establishes the design space of the fashion brand concept. It then
lists and describes the design experiments and creative techniques used throughout Phem.
Previous Material Explorations
In the previous work leading up to Phem, I had spent over one year exploring many green-coloured fabrics, animated motifs, and interplays between the two [19,20]. I played with, styled,
and wore them into my daily life. I discovered that different hues of green would yield clearer
or muddier degrees of video compositing. I discovered that transparent fabrics would hold
hints of the animated motifs while still remaining transparent. When seeking to achieve more
texture and “depth” in my designs, I found that choosing motifs with faster over slower movement, multi-coloured over monochrome colour palettes, and unpredictable over uniform
compositions worked best. Overall I uncovered many strategies for creating and blending the
digital videos seamlessly with the garments I was wearing.
These seeds planted throughout Greenscreen Dress became both amplified and refined throughout my design journey with Phem [21]. A major objective for this next study was to apply this
knowledge within the aesthetic boundaries of a brand concept as a typical fashion approach.
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Establishing the Phem Brand Concept
The name Phem is derived from the word ephemeral, intended to reference the fleeting and
transient nature of the animated, surface-changing fabrics. Broadly speaking the brand was
conceived to be directed at women in their thirties; to be feminine and sophisticated, and
inspired by a Scandinavian minimalist aesthetic observed in some popular Swedish brands. I
compiled a moodboard to visualize these themes, which depicted a range of simple, loose-fitting silhouettes and soft, solid-coloured palettes. I made garment illustrations and sourced
fabrics, editing the choices frequently. Early in the process I discovered that the solid, pastel
colouring of the fabrics I chose offered few expressive choices for the animated motifs. I brightened the colour palette and added fabrics with more surface patterning. I made these changes
to the moodboard. Throughout the year this was a common theme–the moodboard would be
updated to reflect a shift because of something the fabric system had revealed to me. While
much of the minimalist aesthetic was lost, ‘soft femininity’ was the overall theme that continued to guide many of the visual design choices throughout.
Experiments and Creative Techniques
Following this initial set-up of Phem, I experimented with the following techniques to create
and blend the animated motifs with the garments:
Blending the Digital State with Properties of the Physical Materials
Based on my previous experiences with these tools, I wanted to explore ways of having the
fabrics’ “greenscreen-ness” disappear. That is, I wanted to blend the garments and animated
motifs in ways that blurred their boundaries. In my notes, I expressed this as wanting the
fabrics to appear more “natural”. I added complexity by using fabrics with different shades of
green and blue, layering and variegating them. This caused the chroma-key app to composite
the motifs in irregular ways—yielding gradients of grainy and clean composites. I explored
other textures such as
shiny plastic sequins and
synthetic metallic snakeskin. They reacted in
ways where only hints of
colour would composite
depending on how the
light reflected from them.
I created custom prints to
further explore my ability to yield new responses
from the apps. For example, I printed fabrics in
green and blue colours
Figure 7.3. Creating animated motifs using Photomosh and capturing feedback from a
playing with colour halfcomputer screen.
tones (comprising of
discrete dots rather than
continuous tones). As a
result, the camera perceived the fabric as bright blue from afar, but as patterns of dark blue
dots when close. The animated motifs would be activated from a distance yet disappear
when the camera came about a half metre away.
From these experiments, I collected and designed a variety of fabrics that drew out different
responses from the chroma-key apps.
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Creating Digital Shimmers through Screen Distortions
The animated motifs I created in my previous work all shared the same dominant characteristics: fast-moving, unpredictable, abstract animations with a rainbow colour palette. What
differed for Phem was that I became more precise about their colour, speed and composition
(Figure 7.4). Additionally, I began referring to these newly designed animated motifs as “digital
shimmers”, and some colleagues commented that they appeared “holographic”. I referred to
them as shimmers because in working with them, I found they shared characteristics with
certain sparkling fabrics used for clothing, and added an enchanting femininity to the brand
which I thought worked well with visions coming from the moodboard.
After exploring a series of ways for creating motifs with this particular shimmering effect, I
settled on a three-step process for producing them. First I sourced an abstract image, either
by creating a simple circle graphic on the computer, or finding screenshots of TV-static
online. Secondly, I imported the jpeg to an online “glitching” tool called PhotoMosh [45].
This software would randomly change parameters of the jpeg (“glitch” it), which then
distorted and also animated it. Finally, having these animations looping over and over on
my computer screen, I next filmed them with my smartphone camera at various distances
by hovering over the computer screen (Figure 7.3). The effects from filming the screen in
this manner added a “shimmer” to the animation. Several times I repeated this process
with the same animation, which resulted in further distortions and new kinds of animated
motifs with shimmering effects. Each distortion would feed into the next and so on. This
increased the level of unpredictability in the motifs’ composition, resulting in something
messier, or, more complex.
This iterative process resulted in hundreds of animated motifs, of which only ten were selected for Phem. They “lived” on my smartphone in a folder labelled “Phem Best Patterns”.
In my notes, I reflected on how it felt to make and apply these shimmers to the green and
blue fabrics:
It feels like painting....The process has become more visceral than drawing graphics on a
computer screen.... The paint is unfixed and I mix it with fabrics. It moves and shimmers
and sparkles. It’s not exactly like painting with video, but it’s like painting with video static.
Live Compositing During
the Film Shoot
The motifs I created
were tested with the
green and blue fabrics
used to construct the
Phem garments. I primarily evaluated them
on colour, composition,
speed and movement
in conjunction with the
colours, patterns and
silhouettes of the garments. Before the film,
I noted which kinds
of motifs paired best
with each outfit. I made
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Figure 7.4. Animated motifs. Screenshots extracted from various animated motifs. Each
has a shimmering effect.

groupings of similar motifs and named them. For example, the “blue glitches” paired best with
the green circle on the purple jumper, and the “rainbow holographics” paired best with the
green colour-halftone print on a top and skirt. The texture of the purple and teal patterned coat
generated an interesting static effect when activated in dim light, and the blue jumper activated
clearest in sunlight but in a grainy way under fluorescent lights. Having noted this, and made
selections of the best effects beforehand, I used this information as a guide but not a rulebook
for the fashion film. From my experiences with previous garment styling, I knew improvisation
would dominate the choices made when the model was actively wearing the garments.
On the day of filming, we began activating the animated motifs live on the garments worn by
the model using a smartphone (Figure 7.2). The film was shot with a crew of five people over
12 hours in the empty rooms of an old house. Props, such as a teal-coloured fan from the fifties,
an old kitchen table, and a beige ceramic coffee mug were brought to compliment the vintage
feel that we had planned for this setting. Quickly we found that most of the motifs did not work
well with the garments. In my notes I attributed this to many things, such as: the colours of
the motifs worked with the garments in testing but not against this new setting; the speed and
rhythm of the motifs did not match the mood that had now been established, motifs with horizontal lines revealed the greenscreen mask too clearly when the model made large movements,
the lighting was different from our test settings, and the chroma-key app inexplicably crashed
frequently. Frustrated with these unexpected challenges, I decided partway into the filming to
prioritise the “traditional” footage being shot with the second camera (a standard digital handheld camera) and not the footage being shot through the smartphone chroma-key app. Since
compositing the motifs live proved difficult, I opted instead to add them in post-production.
This decision revealed that the task of pairing the animated motifs with the garments, in conjunction with the model and new setting, required more time to be done live. With almost two
years of experience using the dynamic-fabric system on myself in various siutations, I struggled to style the motifs on someone else within the time constraints of a one-day film shoot.
Using the Chroma-Key App for Post-Production
In the final steps of the design process, the post-production process, I went through another
series of trial and error experiments for compositing the animated motifs into the garments,
now worn by the model in the video footage. Over three weeks I experimented with different
strategies using the video editing program, Adobe Premiere Pro, and spent considerable time
making a new set of animated motifs, being more precise about their colours and rhythm.
Although I had come close to achieving a result where the motifs and garments appeared perceptually and expressively integrated, I found they still appeared to be what they technically
were–video effects. I wrote in my journal:
The clothes are beautiful on their own. But when I add the digital effects to the fabrics
they distract completely from the clothing and nothing feels “together”. I’ve managed to
do the compositing in Premiere extremely well but it still looks too “slick” to me and just
speaks of “effects” rather than being a form of fashion.
I decided to return to my smartphone, open the chroma-key app, and try compositing the
motifs onto the model’s clothes via the smartphone camera, via the computer screen (Figure
7.5). I assumed this would allow me to identify what qualitative aspects were missing. Instead,
to my surprise, I found that this method worked better than the editing software—creating
something that appeared to “hybridize” the garments, shimmering effects, model, setting, and
mood of the film. The results appeared more “natural” in my judgement. I continued to use
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Figure 7.5. Compositing an animated motif (pictured at the bottom left) into the blue parts of a garment on the laptop screen using a
chroma-key app.

this technique—compositing the motifs via the smartphone via the computer screen (Figure
7.5)—then importing the smartphone footage into Adobe Premiere Pro, layering, cutting and
blending them until the film felt complete. The shimmering animated motifs had finally come
to life and settled into their place on the garments in the Phem fashion film.
Description of Phem Fashion Film
The resulting film presents the model wearing five outfits in different settings. Although the
film is highly stylized and surreal, the woman engages in everyday activities such as walking
up the stairs, reading, pouring coffee, dressing, looking in the mirror and walking through the
grass. The garments are seen with and without the animated motifs. As she goes about her tasks
they appear and disappear sporadically. When they appear, they are composited in an “imperfect” way, in that the motifs sometimes spill over into other hues of green and blue found in the
scene, and there is some pixilation and inconsistent colour grading due to layering of different
video formats (Figure 7.1). For the viewer, there is no indication as to what triggers the motifs
to go “on” or “off”, but happen when I felt the time was right, or “natural”, for them to appear. I
felt satisfied with the outcome of this film. I reflected in my journal:
The [animated motifs] only exist in a temporal, ephemeral way. The shimmer only
becomes meaningfully activated through the wearer with the materials in interaction
with everything else, just like a real shimmer.
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Reflective Analysis for Working with the Dynamic Fabrics
The paper now switches back to the third-person voice of the researchers.
Let us summarise what has been presented in this paper. We described the different experiments for completing the task of designing “fashionable” dynamic garments. We experimented
and improvised to find ways of making, integrating and styling the animated motifs. By blending the digital properties with properties of the physical materials we found a variety of ways
for the motifs to express themselves. By creating digital shimmers through screen distortions
we found ways to be precise about the qualities chosen to fit the design program. Though the
live compositing during the film shoot did not work in the way we anticipated, we learned that
more experience was required to navigate real-time activation, or styling, of the motifs. Finally,
after finding the video-editing software generated results that appeared too “slick”, we found
that using the chroma-key smartphone app for post-production yielded more “natural” results.
Satisfying the Conversation with Materials
As previously outlined, the conversation a designer has with the materials of a situation relies
heavily on a responsiveness to their design actions, characterized by Schön as backtalk [42]. In
fashion design, at the clothing-making stage, this backtalk comes from situated tangible manipulations of the fabrics. Direct interactions with the materials generate a repository of knowledge about what the fabric can achieve, about its placement on the human body, and how it is
affected by environmental actors such as light, wind or humidity. When the garment is worn
in the world, the fabric enters into another stage where backtalk can occur for the observing
designer. In varying scenarios the garment enters into the flows of personal and cultural significance where colours, textures and styling generate subjective interpretations. This acquired
information about the material, both its physical and cultural performativity, can carry over to
future fashion design actions with a particular fabric.
The Phem garments use dynamic fabrics that have an undeniable material dimension. The
green and blue fabrics can be handled, formed into garments, “read” and styled according to
the tastes of the designer. Yet for the fabric’s digital state, the animated motifs, there is no prior
knowledge for how to form them into a garment, nor is there a clear indication for how they
should be semantically read in the context of a garment. Yet despite these unknowns, we describe working with as if “painting with video static”. This observation is significant to our inquiry because it indicates the perception of a visceral experience working with the animated motifs,
and the ability to conjure up cultural references to existing media. Where tangibility was absent,
viscerality exists in the feeling of “painting”; where a separation is observed between garment
and digital video, an understanding of the material heritage of TV “static” is articulated, which
now can be worked with semantically. All of this suggests that certain conditions have been met
for a dialogue to occur between the designer and the digital state of this fabric.
In the following sections, we will describe and analyse through selected themes how we believe
the improvisations made throughout Phem created conditions for a designer-material conversation to be satisfied with these particular animated motifs.
Creating Spaces for Sensory Engagement Through Improvisation with Digital Tools.
An underlying motivation of this study was to engage computational technologies with fashion
design through fashion-design processes. In our previous practise working with garment-integrated wearable technologies, we typically relied on engineers to code and construct the technologies used. For Phem, we chose to be free of this collaboration so that we could examine a
123

fashion-centric journey that nurtured the free, improvisational relationship a fashion designer
can have with their materials. Towards this end, we worked only with digital tools that were
fully formed as products and that we were familiar with. These included a smartphone camera
and touchscreen for iPhone 6 and X, the chroma-key apps Veescope [46] and ChromaKey
Studio Pro [13], a MacBook Pro laptop and corresponding screen, the video-editing software
Adobe Premiere Pro CC 2017, and the web-based glitching tool Photomosh [45]. Each one,
with exception to the glitching tool, was used in ways unintended by their developers, and we
believe this revealed a mode of working that engaged our senses more richly and creatively
than navigating user interfaces and following the options provided.
Firstly, the chroma-key apps were intended for filmmakers with greenscreen backdrops, yet
we used them for garments worn on a model. The apps were optimised to composite videos
so that evidence of the greenscreen would disappear. Threshold bars in the apps (Figure
7.5) allow filmmakers to adjust settings to achieve this ideal composite depending on the
lighting conditions. For Phem, we never wanted this flawless composite. Instead we aimed
to blend the fabrics’ properties with the digital qualities of the animations where textures
and surface designs were still visible: playing with transparent fabrics, printed patterns and
gradients of green and blue to produce “muddier” results. We also created custom fabrics
with colour-halftone prints that “fooled” the chroma-key app at certain distances from the
smartphone camera. Each of these improvisations with the apps added a layer of complexity
for how the garment and motif pairing could appear. There was a spectrum of possibilities to
play with outside of the perfect composite intended by the chroma-key app developers. The
implication of this was the emergence of a design space that allowed unintended consequences
[29] to occur, and most significant to our inquiry, it created conditions in which the potential
existed for the animated motifs to react or interact with a multitude of unknown and unexpected variables.
Secondly, our use of both the laptop computer screen and smartphone screen were unorthodox. Instead of being experienced as windows to a virtual space [22], the screens were perceived as situated objects in conjunction with the animated motifs. This first occurred when
the laptop computer screen was filmed by the smartphone to create the shimmering effects for
the motifs. We moved the smartphone around the illuminated surface of the screen like a lens
or magnifying glass searching for the best area to capture the shimmering effect (Figure 7.3).
Finally, when activating the animated motifs on the test fabrics and final garments, we used
the smartphone screen again in a way that engaged hand and body movements more actively
than looking at the screen. The motifs were again affected by multiple environmental factors
such as light, shadow, distance, and wind in each space. Indeed, the scene of a designer
with her smartphone held out from her body appears like any photographer with a camera
capturing something. However, as a fashion designer we were conversing with the animated
motifs that existed between the screen and the garment on the model’s body. We were searching to blend the hues, patterns and textures of the fabrics, movements of the model’s body,
movements of our own body, and lighting, with the rhythms, colours and compositions of
the animated motifs. The smartphone was used here in a way that resembled painting with
a brush in the air.
To summarise, the chroma-key apps were not used to key green and blue hues flawlessly, and
the screen did not function as a window to a virtual space. We used the chroma-key apps as
mixing tools, the computer screen as a situated material, and the smartphone screen as a lens
or paintbrush in a situated space. Similar to traditional interactions with textiles for fashion de124

sign, our body and hand movements in space were important, the results were instantaneous
and affected by environmental actors. Furthermore, the implications of using the digital tools
in this way resulted in a design space that was unpredictable due to the multitude of variables
involved and thus navigable in a dialogue format.
Exploiting the Computer Screen as Raw Material
Making the animated motifs involved taking an abstract image, distorting it in an online glitching tool, then capturing a video of it with our smartphone camera by filming it along the surface of a computer screen (Figure 7.3). As previously described, this last step generated unique
feedback from the screen that resulted in a “shimmer”. Replicating this process over and over
distorted the shimmering effect further from its original form. We described how the shimmering appeared “messier, or more complex” as a result of these actions.
We engaged in a similar process when compositing the motifs into the garments via the computer screen. We reflected that the video-editing software produced composites that appeared
“too slick”. When we composited them through the smartphone camera via the computer
screen (Figure 7.5), and brought the footage back into the film-editing software, we found this
procedure improved the results. A messiness appeared due to the layering of feedback processes from filming the screen, such as pixelation, the spilling over of chroma-keying onto objects
other than the garments, and signs of mismatched video formats layered on top of each other
(Figure 7.1). Several times in our field notes we wrote about seeking “natural” results, that is,
results that arose from the process rather than being explicitly dictated beforehand by the creator. We believe these design actions allowed us to achieve this.
Both in making the discrete animated motifs and activating them on the garments involved
yielding unique artefacts from the computer screen to produce the main expressive quality
for Phem. What this tells us is that in the context of working with these dynamic fabrics, where
the digital state was mediated by screens, the screens became the most “raw” version of the
materials at hand. This is especially so in this design context where accessing the source code
of a digital tool was not an option. Generating the screen- artefacts created a design space
with more uncertainty than executing pre-scripted computational functions embedded in
the digital tools.
In the context of seeking to converse with the digital form of the fabrics, finding something
akin to a raw material meant it had no pre-scripted reactions. Rather, it reacted to external
actions or actors, which was the kind of backtalk we were seeking. Also, because each screen
by-product was unique and irreplicable, partly due to the shakiness of our hands holding the
smartphone and other situated factors, we felt we were working together with the materials as
opposed to dictating at them.
To summarise, by focusing on the unique and artefactual by-products of feedback and pixilation of computer screens, we found a rawness from our materials that better fit the ecology of
our design process.
Compiling a Palette of Animated Motifs
The digital state of the dynamic fabrics, the animated motifs, originate as videos that depict
abstract imagery at different speeds, rhythms, patterns and colours (Figure 7.4). They do not
manifest on the garments until a chroma-key app is employed. They do not enter a fashion dialogue until they are worn and seen by others [18,19]. The digital form, then, is conjured within
certain ephemeral circumstances, sharing qualities with what has been described by Bergström
et al. [2] as a becoming material. In short, “These materials come to be, or become, only over
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time and in context” [2]. So how does a designer “grasp” the motifs’ unique character to work
with them in an instantaneous way? How does a designer accumulate knowledge about them
to prepare for the moment that they come into being?
Towards this end we found it important to select, organize, and place the animated motifs somewhere to hand where we could access and employ them when the moment seemed appropriate. Having created hundreds of animated motifs, we grouped and characterized them on our
smartphone with folder names such as “blue glitches” and “rainbow holographics”, pruning
the collection drastically to only a few that could be used (Figure 7.4). By curating them in this
way, and reducing the number to a reasonable amount, we could recall and recognize them on
an individual basis. This made the contents of the motif library knowable in ways that allowed
the right motif to be chosen more readily.
Styling Dynamic Forms In Situ
In terms of fashion, a practice that generates wearable objects for personal expressivity, it was
important to navigate the material heritage and semantic reading of the materials used to construct the Phem garments. That is, using the tastes of the designer, stylist, or photographer at
hand, judgements needed to be made for how the garments should appear in each setting,
knowing that these choices have implications on how the garments will be subjectively perceived. Typically this task does not require a literal analysis and translation of the garments’
meanings, but it happens through tacit, less explicit styling actions. Our goal was to produce,
through the film, an aesthetic sensibility inspired by the moodboard for Phem. The challenge
of styling the dynamic fabrics live became apparent when no animated motif we had planned
to use suited any garments on the day of filming. We reflected that having had no previous
experience styling them on another person meant we needed more time to navigate this kind
of design space. We reflected that “the speed and rhythm of the motifs did not match the mood
that had now been established”.
Having abandoned the task of activating the motifs live, we instead did this through an iterative
process in post-production to find the right formulation. We used raw footage of the model
and spent the time required to blend the animated motifs in a variety of ways and observe the
results—that is, receive the feedback to make decisions. It was necessary that the motifs could
“play out” in this way, given their temporal form. Drawing techniques from time-based arts such
as musical or theatrical performance, we postulate that explicitly setting up “dress rehearsals”
could allow a designer to practise styling the garments and other textiles with dynamic forms
in a live setting. In this way, the fashion designer might begin to acquire skills on par with
an electronic-music DJ or VJ whose ability to mix live comes from experience navigating the
mood of a space [22].

Discussion
Our reflective analysis of a fashion designer’s process highlights the role that sensory engagement and situated design actions played in satisfying the dialogue that took place in this study.
Given this, we extend our findings with a discussion of Schön’s conversation with materials in
the context of digital forms and relate it to Ingold’s insights on making.
The Skilled Practitioner as a Wayfarer
Schön’s description of a conversation with materials confirms that a conversation can be had
between a designer in virtual, digital or representational modes of working. He writes that the
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“design situation is a material one, apprehended ... through active, sensory appreciation ... true
both when the designer is on site and when he or she operates in the virtual world of a sketchpad, scale model, or computer screen.”[29] Still, the challenge that arose for us in the context
of dynamic fabrics for fashion design, was that compared to working with physical fabrics, the
digital form felt out of reach; this “active, sensory appreciation” that Schön describes seemed
absent, or at best, weak.
If we answer a key question posed at the beginning of this paper for how does a fashion designer constructively transform dynamic fabric in ways that are creatively satisfying? we must
clarify that replicating materials-based actions such as cutting and draping was not the aim. We
sought interactions with the digital, intangible qualities of the fabric that were akin to the richness felt in an action-provokes-response scenario found with physical textiles. In this scenario,
the actions of the designer can be improvised to an infinite degree, and reflect the unique style
of the designer at hand. Ideally, these actions will yield an unexpected response from the material. The personalised improvisations of the designer combined with the unexpected nature of
the material’s response is what satisfied a productive dialogue in our study.
In the context of working with dynamic fabrics, specifically when interactions are mediated,
it can be difficult to feel ownership over design actions and interpret responses as unexpected
when following the options provided and pre-scripted by an interface. For practitioners who
do not have the option of manipulating the software, devices or materials at the code level, we
found in our study greater satisfaction from our relationship with the tools and materials when
we found ways to expand our sensorial engagement. Although we acknowledge and recognise
the craftsmanship that can emerge from navigating user interfaces, we found this further extended when situated variables were incorporated. This tied the design space to the physical
presence and perceptions of the designer and increased the potential for unique or unexpected
reactions to occur.
Tim Ingold, in his writings on making and craftsmanship [14,15], criticises the notion of a
hylomorphic model of making. That is, he describes it as problematic to think of making processes as the execution of tasks that manifest a novel vision held in the mind of a practitioner.
This perspective depicts the practitioner’s thoughts as the birthplace of a form, rather than the
form emerging from actions navigated together with materials. He writes,
...the role of the artist—as that of any skilled practitioner—is not to give effect to a
preconceived idea... but to join with and follow the forces and flows of material that bring
the form of the work into being.... Artists—as also artisans—are itinerant wayfarers. They
make their way through the taskscape as do walkers through the landscape, bringing
forth their work as they press on with their own lives.
Ingold describes making as “a process of growth”, whereby the maker joins forces with materials in anticipation of what might emerge [15]. He describes the richness of sensory awareness
required in these productive processes on the part of the skilled practitioner [14,15]. These
meditations on the journey of a making process highlight and further articulate what can seem
lacking for a designer working with digital phenomena through a screen: he or she is somehow
separate from the source material being worked with. The situation can lack a richness and
complexity relative to conversing directing with physical materials.
Ingold alludes to the idea that working with a machine interferes with the dialogue between a
practitioner and their materials. He writes,
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Between beginning and ending the practitioner’s movements are continually and subtly
responsive to the ever-changing conditions of the task as it proceeds. Between starting
and stopping [a machine], by contrast, he has nothing to do but to leave the system to
run its course, according to settings determined in advance. ... The intimate coupling
between movement and perception that governs the work of the craftsman is broken.
When we have a conversation with a person, we speak and they speak back, and we typically
do not know what the other person will say or how they will say it. The conversation is navigated as the people included react to one another. The uncertainty of the reaction, and the
improvised, in-the-moment response we must return, is why Schön’s notion of a conversation
with materials is so effective at describing a design situation. It captures the engagement and
tuning required of the designer whilst the dialogue unfolds. And what Ingold helps us to see, in
the context of working with digital or intangible material qualities through a screen, is that our
ability to feel a part of the generative flows of the materials and tune our senses accordingly can
seem numbed, or less rich when pre-scripted or automated processes are at play. For Phem, the
conversation was satisfied when we found ways to insert ourselves directly into the spaces of
action and transformation where things were coming together, being built, or formed.

Conclusion
In this paper we have described and interrogated Schön’s conversation with materials in the
context of working with dynamic fabrics. Our study, Phem, acts as an account of the challenges
and improvisations required to satisfy this conversation for a fashion designer accustomed to
working with physical materials. Ingold’s perspective on making processes helped us to see that
our relationship to the digital phenomena in this study could be characterised as a struggle to
more closely integrate ourselves into the “flows of materials” [14] at hand so as to converse with
the animated motifs, or a digital state of the fabric.
The reflective analysis we have outlined for working with dynamic fabrics we hope can be
beneficial to those in HCI working with wearable technologies, smart textiles and AR fabrics,
including disciplines beyond fashion such as textile design, furniture design, interior design,
and architecture. Underlying this we see the value in working relationships between designers, programmers and engineers who value and recognize a fashion designer’s natural urge to
converse with their materials in personal and nuanced ways, as we have attempted to articulate
in this paper.
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8
Alternative
Presents for
Dynamic Fabric
8.1 Introduction
This chapter presents the final paper, “Alternative Presents for Dynamic Fabric”, published as
part of the proceedings for the 2020 Designing Interactive Systems Conference (DIS). This
paper is the final step of my inquiry into dynamic fabric, asking How can I now articulate my
experiences of dynamic fabric in a coherent way?
In the following section, I explain how this paper contributes to the broader context of this
dissertation, followed by the paper itself.

8.2 Contextualising this paper in this dissertation
This paper holds the main contributions of this dissertation. Having offered personal accounts of experiencing dynamic fabric in Chapter 4, compared the wearing experiences to
literature and design examples in Chapter 5, approached it as a fashion material in Chapter
6, and the dove deeply into the design-material relationship I had with it in Chapter 7—I
have positioned myself to answer the main research question of this dissertation What is
dynamic fabric?
In the context of this overall research, my understanding of what dynamic fabric is—the main
artefact or emerging technology I have been investigating—has changed from writing the first
paper to the moment of writing this last paper. How I view the dynamic fabric at this point
is quite complex to summarise in one paper and entangled tightly with the methodological
approach I have taken to investigate it. I cannot definitively point to the dynamic fabric, nor
can I provide a definition of it, but I can argue that I have experienced it. Therefore, in this
paper I attempt to coherently describe dynamic fabric as I experienced it, through a series of
consecutive propositions. These propositions explain how I understood the dynamic fabric
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before, during, and after the two case studies, Greenscreen Dress and Phem. This changed
understanding of it, articulated as propositions, contributes an expanded understanding of
dynamic fabric for HCI, wearables and smart-textiles disciplines.
Furthermore, as these propositions are intimately tied to the overall approach of the research,
this paper informs the secondary contribution of this dissertation, which is methodological.
It demonstrates through the case studies how combining autobiographical design with RtD,
and orienting them speculatively, can generate intermediate knowledge about an emerging
technology with particular emphasis on social-technical aspects. In comparison to the previous papers, this final paper provides a more coherent rendering of the overall methodological
approach taken, with the methodological contribution further clarified and positioned in the
next chapter, Chapter 9.

Figure 8.1. Wearing dynamic fabric using a chroma-key app and green-coloured dress.
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8.3 Paper: Alternative Presents for Dynamic Fabric
Original publication: Mackey, A., Wakkary, R., Wensveen, S., Hupfeld, A., &
Tomico, O. (2020). Alternative Presents for Dynamic Fabric. Proceedings of the 2020
ACM Designing Interactive Systems Conference, 351–364.
https://doi.org/10.1145/3357236.3395447
My role: Main author of text; main researcher/participant in case studies described;
framing and analysis of case studies shared by co-authors.

Abstract
In this paper we investigate how a combination of “speculative” design methods can be used to
generate theoretical understandings for dynamic, colour-changing fabrics for garments. Specifically, we combine a first-person, autobiographical, research through design (RtD) approach
that draws strategies from speculative design. We call this approach alternative presents, inspired by the work of James Auger, and explore it as a way to generate theoretical propositions
for dynamic fabric that emphasize the lived experience over technological innovation. The
contributions of this framing are twofold. Firstly, we offer a theoretical contribution to the literature on dynamic fabric. Secondly, we make a methodological contribution for how autobiographical design and RtD can be oriented speculatively to generate intermediate knowledge,
with particular emphasis on social-technical aspects.
Introduction
Dynamic, colour-changing fabrics have played an active role in smart textiles and wearables
discourses in both commercial and research contexts for almost two decades. Poised as a futuristic but realisable textile, it has been suggested that colour-changing fabrics can help mitigate
fast fashion [17,21], and generate new fashion expressions that combine digital and physical
experiences. The fashion industry has been increasingly shifting towards digital experiences to
support fashion-based activities for styling, branding and retail, though not for computationally dynamic fabrics.
Barriers to the adoption of wearables products and smart textiles have been attributed to a
mix of technical, production-oriented, and socio-cultural challenges [21,57]. In particular,
researchers coming from fashion practise are signalling a disconnect between the prevalent
techno-centric approach to wearables, on the one hand, and fundamental fashion and design-related concerns on the other [43,46,66]. In the specific area of dynamic, colour-changing
textiles there have been several material- and design-centric works exploring new concepts for
interactive colour-changing garments [17,26,40,76], but details of their lived, everyday experience are still unknown, or based on conjecture.
In this paper we introduce alternative presents, an autobiographical, research through design
(RtD) approach that draws from speculative design. Through living and designing with a simulated version of dynamic fabric over a long period of time, we examine, not the imagining of a
speculative future, but the experiencing of a speculative present. Up until this point it has been
an underlying assumption that once a high-fidelity prototype or commercially-viable fabric
has been developed, design considerations can be more thoroughly examined in its context of
use [17], that is, as a wearable garment. However, we invert this assumption through an RtD,
speculative engagement with the concept that lets the lived experience and design activities of
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one researcher co-generate the fabric experientially, with minimal concerns for its underlying
technology or technological development.
To summarise, the first author of this paper wore and worked with real-time, wearable greenscreen garments over three years to mimic a dynamic, colour-changing effect. Through two case
studies, she explored the personal experience of having colour-changing garments in her wardrobe, and also the designer’s experience of working with these fabrics to create a fashion line.
From these case studies, insights were gathered through reflective analyses in several papers
describing the design implications, creative techniques, unexpected outcomes and questions
that emerged from these processes for wearing and working with the fabric [44,45,46,47]. In
this paper, we re-examine the body of work as a whole. We track the changed understanding of
dynamic fabric through these studies, and offer three differing propositions (before, during and
after the case studies) to express this. From here we contribute an expanded understanding of dynamic fabrics, and begin the methodological framing for how RtD can be speculatively oriented.

Related work
In this section we describe the related work that has inspired our inquiry into dynamic colour-changing fabrics. This includes first-person perspectives in wearables, autobiographical
design in HCI, research through design, methods from speculative practices in HCI, and literature on dynamic fabric.
First-Person Perspectives in HCI & Research through Design
Wearables and smart textiles are ripe areas to engage first-person, auto-ethnographic exploration in design processes and research. Researchers have the opportunity to wear or live with
the technologies they examine, and gain rich experiential understandings [45,65,69]. Wearable
computing was arguably pioneered through this approach with Steve Mann’s decades-long
commitment to exploring augmented reality (AR) headpieces by wearing one himself since the
1980s [48]. From a feminist perspective, the activity of wearing wearable technologies to understand them makes explicit their inescapable role as mediators of social activity when placed
on the body, brought to our attention by the pioneering work at Joanna Berzowska’s XSLabs
[6,7], and also Kate Hartman’s Social Body Lab [81].
Embodiment, as a closely related conceptual framing, has become an important part of wearables discourses [65,66,78]. Our interest in using first-person accounts in our research—
through wearing the technology—veers slightly away from body-felt notions of embodiment,
and towards those that predominantly seek socio-cultural understandings. We have been interested in the social ecology that might surround a technology-enhanced garment, and have
found that this can be brought forth by the activity of wearing it in daily life [44,45].
In terms of HCI, we see overlap in our approach with Neustaedter and Sengers’ [49] notion
of autobiographical design which attempts to formalise the often undisclosed practise of using
oneself as a user in design explorations over long periods of time [e.g. 22,23,51]. Several works
have engaged this approach more explicitly since then [11,16,31] and what we see is that using
oneself is a way for the researcher to navigate and tune their design sensibilities to the nuance
of the experience over time. This can lead to more sensitive, thoughtful, and thorough examinations of new technologies than can be achieved through observation and interviews with
others. Certainly, this approach has its limitations and requires “careful, critical reflection on
one’s work processes.”[49]
134

Further to this, we also highlight our use of the researcher as an instrument [75] in the data
collection of our research. The first author of this paper engaged herself at the centre of the
inquiry, using her everyday life to explore the wearing experience of the dynamic fabric. Her
skills and experience from practice in fashion design and wearables have offered a valuable lens
from which to view the experience and unpack the intricacies involved.
Finally, we draw attention to the overall approach of our research, which falls under the umbrella of research through design [80]. Our inquiry into dynamic fabric was mostly open-ended, in that we let design methods, curiosity, instincts and reflexivity lead us through the process
of discovery with the artefacts we created and interacted with. As RtD functions in this generative way, it is the glue that binds the combined methods described in this paper.
Speculative Practices
A driving force of our inquiry into dynamic fabric has been to explore it from a socio-cultural
perspective without having to make any technological advancements. Dynamic fabric, as we
understood it—a colour-changing textile embedded with electronics, that can be readily cut
and sewn into garments—did not exist. So, we engaged an RtD approach with a speculative
orientation to accomplish this.
In HCI, speculative design in varying forms [1,20,22,60,71] has served to highlight new
socio-cultural perspectives on emerging technologies. In the words of James Auger, speculative design “incorporates a sociocultural element—the role of fashion, trends, and human behaviour in shaping everyday life. [It aims] to place emerging technologies into
real-life contexts, communicating how these would be manifest through tangible evidence
such as props, videos, images, scenarios, vignettes, and stories” [2]. Mainly serving to provoke discussion, inquire into, or expand the design space of future technologies beyond
conventional, uncritical trajectories [1,20], speculative design discourse intersects with
discursive design [64], critical design [3,19], design fiction [9,60,63], and design probes
in HCI [10].
Within the large scope of speculative practises taking place in HCI we highlight material speculation [71,72] and speculative enactments [22] as closest to our aim of generating experiential
understandings of a future technology. Material speculation is the crafting of counterfactual
artefacts, or, material things designed to be from a possible world yet placed in the actual
world of today. The artefacts [e.g. 30,73,74] are ideally situated in the “everydayness of our
world” [71] where the inquiry can then play out. This, as described by Wakkary et. al, offers
“a new ontological perspective that over time makes more visible assumptions, implications,
and possible change.”
Speculative enactments can be seen as a more performative version of material speculation,
mainly inspired by Candy and Dunagan’s experiential futures [12]. Participants in a speculative
enactment are invited to immerse themselves in the social interactions of a possible future in a
way that is consequential to them. For example, in the project Abacus Datagraphy [23], couples
consult with a “wedding datagrapher” to collect quantifiable data about their actual wedding,
such as their heart rate while kissing, or the volume level of “peak laughter” at the reception.
The information gathered was then published as part of a concept brochure for Abacus, and
made public.
Related to material speculation and speculative enactments, we also highlight Hansen and
Kozel’s Placebo Sleeve [28] and Wilde and Andersen’s OWL project [77], which both engaged
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participants to wear things (a sleeve, and other undefinable objects) as technology “placebos”.
Wearers were asked to spend time wearing the placebos and reflect on how they related to
them as technology. In Placebo Sleeve, participants kept a diary of this experience for one week.
Although these projects were brief explorations in comparison to the other long-term work we
highlighted, they intersect with the speculative orientation of our research by placing the idea
of a technology on the body to be with it and think with it. We have been inspired by their use
of wearing, imagination and reflexivity to generate and envisage narratives for technologies
that do not essentially “work”, or exist.
From this prior work, we hope to highlight the use of present-day situations to feed speculative
scenarios, and essentially bring them to life. This notion has been fundamental in our examination of a future-based technology, as we strove to examine it in context, without prescribing
the details of its use or implications. We sought a situation that would allow the technology to
reveal to us how it might exist, and to do so in a way that was more consequential to participants
than previous approaches demonstrated in speculative design.
Literature on Dynamic Fabric
State-changing and colour-changing materials have a rich history in fashion dating as far back
as Tutankhamun (“King Tut”) whose garments were adorned with shiny gold discs [59]. Jumping to the 20th century, it became possible to mimic shimmering jewels and precious metals using sequins, glitter, plastics and imitation gold leaf. In the latter half of the 20th century several
products with thermochromic characteristics went to market, notably the “mood ring”, and in
1991 the faddish Hypercolor T-shirt [40]. Shortly thereafter, a radical shift began in the area
of colour-changing textiles [79] as computational materials became smaller, more powerful,
flexible, and more accessible to designers and researchers.
In the early 2000s, several novel explorations of thermochromic printed textiles and electronics
emerged [4,51,55] as well as illuminated textiles using various materials to achieve animated
displays on garments [8,13,29,50,52,56]. Several of these experiments intersected with art and
design, and have become iconic exemplars in wearables discourses, such as the Philips’ Bubelle
dress [53], designed to change colour according to a wearer’s mood, or dresses from Valérie
Lamontagne’s Peau d’Âne [42] that responded to moon cycles, sunlight and wind patterns.
Throughout the last 15 years there have been a string of niche and novelty products on the
market, emerging from these explorations using light to animate the surface of garments for
personal fashion [27,79,80]. We have also seen several high-fidelity prototypes using thermochromic dyes, photochromic dyes, and e-ink for garments, shoes, make-up and bracelets [e.g.
14,33–35,38,81].
Beyond this, several researchers have taken more in-depth, material-centric or fashion-centric
investigations into the techniques and expressive possibilities for colour-changing textiles. Linda Worbin [79], for example, articulated some of the variables involved for controlling dynamic
textile expressions such as time and the surroundings, as well as novel qualities a textile designer
must grapple with, such as a dynamic line or dynamic form. Marjan Kooroshnia, in her investigation of leuco dye-based thermochromic inks, explored interactive spaces for colour-changing
dresses [39]. In one exploration she describes that the interaction between two wearers “created patterns which were unique but wild, messy, uncontrolled, impossible to reproduce, and
temporary.” We see related articulations coming from other designer-oriented explorations of
colour-changing garments such as ambiguity [17], volatility [17] and irregularity [76]. We too
have been motivated to uncover and articulate designerly qualities of dynamic fabric.
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In terms of everyday fashion, the colour-changing feature of garments, accessories and other
adornments has been widely described as being an expressive feature for its wearer. Through
a variety of exemplars and examinations, more precise ideas for this expressive quality have
been described, such as mood expression [38,53,62], provoking intrigue in situated social interactions [17,27,34,70], having many garments in one garment [17,21], expressing data from
remote sources [17,42], poetically and materially expressing time [5,17,43], providing safety
(e.g. with light) [18,26], expressions of body movement [8,50,76], responses to situated environmental triggers (e.g. rain, sound, heat, or light) [26,34,36,38], or contextual colour and
pattern changes (e.g. matching the surroundings) [26,38,76].
However accurate these use-scenarios prove to be, they are still initial concepts and not something that can be claimed from long-term, daily usage. In the words of Devendorf et al. [17], who
share our curiosity for the everyday experience of dynamic fabrics, “While HCI has explored
domain specific and conceptual proposals for clothing-based displays, very little is known about
the way such displays would be perceived and utilized within everyday life, beyond runways
and outside of galleries.” Our work attempts to make contributions towards this concern.

Methodology
In this section, we summarise the way we have brought together several research through
design methods and oriented them towards strategies from speculative design. We call this
approach alternative presents, inspired by James Auger [1,2], and have used it to generate theoretical propositions for what dynamic fabric is or could be.
Alternative Presents
As we briefly outlined so far, our research combines first-person, autobiographical design and
RtD methods to pursue a speculative inquiry into the future concept of dynamic fabric. To
summarise the logic behind this approach, we felt that to understand the fabric from a socio-cultural perspective we should explore it through wearing it as a garment over time in the
context of everyday life. Because dynamic fabric did not exist in a form amenable to wearing it
in this way, we had to mimic its colour-changing abilities through a greenscreen system (green
fabrics combined with real-time chroma-key apps) (Figure 8.1). This made the exploration
speculative, as we did not see this greenscreen system as meeting key requirements of the future
fabric, other than its colour-changing capabilities. More specifically, we saw it as a limitation
that this effect was mediated by a smartphone, and that the dynamic patterns were not physically tangible. Our views on these limitation, however, changes throughout the case studies.
Over time we found that, having placed the greenscreen system so deeply into the life of the researcher, many aspects originally perceived as simulacra of dynamic fabric became perceived as
real and authentic. From here, the inquiry moved into a space we found difficult to articulate at
the time—a space between real and not-real, but still part of the researcher’s actual world and lived
experience. We now call this space an alternative present. In the case studies where this played
out, Greenscreen Dress and Phem, alternative presents were experienced by the same researcher
navigating from different perspectives. For Greenscreen Dress it occurred primarily through the
wearing experiences of the dynamic fabric and for Phem through engaging it as a fashion material
in a design process. The two perspectives blend and overlap but the shift of experiencing an alternative present occurred somewhere in Greenscreen Dress and carried over to Phem.
To elaborate further on this notion of an alternative present, we describe it as the unfolding of
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palpable experiences within the context of a speculative engagement. In our case, the first study
began as an experience prototype that used smartphone mediation to mimic colour-changing
textiles, and then matured into an experience that more fluidly blended dress and technology.
As time went on, the distinct technological forms and features became less important to our
understanding of dynamic fabric. We experienced the dynamic fabric instead through the social ecology that grew around it and the encountered digital phenomena. These experiences
left us with drastically different concepts of dynamic fabric than the one we started with. In this
paper, we use the accounts of these alternative presents to derive three propositions for what
dynamic fabric is before, during, and after the case studies. These propositions act as the broad
strokes of our changed understandings over time.
Intermediate Knowledge
From here we are left with the question for what kinds of knowledge these alternative presents can contribute. The paradox of this approach—exploring a possible future by allowing
it to unfold in the present—brings a tension when framing and contextualizing the outcomes.
As a possible future, are the insights speculative if they occurred in “real” life? Is the Greenscreen Dress a prototype for the future or a product for the present? Why not examine the
greenscreen system more explicitly as an AR-fabric instead of dynamic fabric? In previous papers [44,45,46,47], each case study was individually examined according to different research
questions. Now, we look at this body of work anew and turn to discussions of intermediate
knowledge in interaction design to frame their potential theoretical contributions towards understandings of dynamic fabric.
Drawing from conceptual constructs [61], strong concepts [32] and bridging concepts [15], we
propose that alternative presents can play out in a back-and-forth manner between theory and
practice, generating theoretical understandings about the technology in question backed by the
empirical evidence of the autobiographical accounts, design activities and artefacts that were
produced. In our case, we engaged in a speculative inquiry that allowed us to formulate propositions for what dynamic fabric is, in an iterative manner. In other words, we first proposed
a description of dynamic fabric based on existing literature and exemplars, then altered them
twice based on insights from our two case studies. As first-person accounts of the dynamic fabric are the backbone for the rationale behind these new propositions, they are best understood
when taken as a narrative of sorts—consumed chronologically so that readers can follow the
logic of the changed understanding as they unfolded for the researcher herself.
We suggest that these propositions live as theoretical, intermediate knowledge that can be used
to feed and inspire future designs and development for dynamic fabrics and, as we hope to
argue in this paper, expand understandings for what dynamic fabric could or will be beyond
current mental models.

Propositions for dynamic fabric
In this section, we present our three propositions for dynamic fabric. The first was extrapolated
from prior work on dynamic colour-changing fabrics. The second and third propositions were
formulated through reflective analyses on the case studies Greenscreen Dress and Phem. The
first- person accounts from each study describe the alternative presents as experienced by the
researcher. Greenscreen Dress acts as an alternative present where dynamic fabric is worn in
daily life, and Phem acts as an alternative present where dynamic fabric is engaged in a fashion
design process to create a contemporary fashion line.
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Notes on terminology
Over the three-year timeline of this research the terminology we have used to describe the
materials and tools being worked with has changed to accommodate our changed understandings and efforts to communicate these understandings in scholarly contexts. In other research,
we have seen dynamic, colour-changing textiles referred to in a variety of ways suitable to the
context, such as animated textiles [4] or dynamic display fabric [17]. To be clear and consistent
throughout this paper, we have chosen the following terms to describe the focal points of our
inquiry: dynamic colour- and pattern-changing fabrics will be referred to as dynamic fabric.
Garments that incorporate dynamic fabrics will be referred to as dynamic garments, and the
animated imagery that these garments display will be referred to as dynamic patterns. When a
dynamic pattern is composited into a fabric’s surface we will refer to the fabric as being active
or activated, and static when it is not.
Before the case studies: Extrapolating a proposition of dynamic fabric
from existing research
Our research was initiated in late 2015. We wanted to explore new design approaches for wearables products, and were inspired by several of the exemplars described in the section Literature on Dynamic Fabric (with more recent works included for this paper). Based on the large
body of work in wearables and smart textiles that explore illuminated and thermochromic
textiles, we conceived an idea for what a future dynamic fabric might look like, or, the requirements that would make it wearable as a garment. From this we extrapolated the following
proposition for a dynamic fabric that could be wearable in everyday life. It is not meant to be
comprehensive, but a reasoned extrapolation from the prior works.

Proposition 1
Dynamic fabric is a clothing-grade textile or textile-like material that can change
colour and/or pattern using embedded electronics. It can dynamically display and
change imagery like a computer screen in response to situated input from a body, the
surroundings, and/or other kinds of remote data.

This proposition includes nearly all the prior work on dynamic fabric listed in the Literature on
Dynamic Fabric section, with no technical limitations. It is what we interpret as an idealised or
aspirational form of dynamic fabric based on the trajectory of prior work. What we mean by
“clothing-grade” is that all practical issues have been overcome, resulting in a fabric that can
be readily constructed into a garment. This garment is comfortable, washable, durable, and
practical for everyday wear—things cited as necessary for wearables adoption [21].
Case study 1: Greenscreen Dress
Our first case study began as a speculative inquiry into the lived experience of dynamic fabric
as it is described in Proposition 1. This study was explicitly undertaken to generate socio-cultural understandings of dynamic fabric as opposed to technical knowledge, and was conceptually framed at the time as a material speculation [46]. The main question being asked throughout this study was What would it be like to wear dynamic fabric in everyday life?
We now switch to the first-person voice of the first author of this paper to summarize her activities and reflections on Greenscreen Dress. This summary has been derived from her auto-ethnographic journal. Video documentation can be seen here: vimeo.com/284999343
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Setting up the case study
I wanted to wear dynamic fabric, but did not have access to an all-in-one, clothing-grade dynamic fabric. After exploring several ways to create this (e.g. weaving strips of e-ink), I discovered I could use a live chroma-key app to change the surface of some green fabrics, like a live
wearable greenscreen. I constructed a entirely green dress and wore it for one week with an
app called Chromakey Studio Pro [33]. This app allowed me to composite any image or video
stored on my phone into the green hues of any fabric in real-time.
Commitments for Greenscreen Dress
In following the question What would it be like to wear dynamic fabric in everyday life? I needed to qualify everyday life and everyday wearing through some commitments. I committed to
wearing the fabric for one year, which I believed would deeply embed it into my personal life.
I would wear green fabric in conjunction with the chroma-key app every day, including weekends, everywhere I went. Secondly, I would record myself activating the dynamic garments
once a day, at minimum. Because I did not know when, why or how many times I would want
to activate it, this commitment ensured that the experiment persisted stubbornly, irrespective
of my motivation. As the documentation describes, in practise I activated the fabric several
times a day up until the last months of the study.
Thirdly, because the system I had created worked like AR, with the activated garments appearing on my smartphone, this meant I was typically the only person seeing them. Therefore, I
chose to present the dynamic garments on social media regularly, via Instagram, to have an
audience. This allowed the dynamic garments to be “worn” by being seen. It made me accountable for the choices I made, as one typically is when wearing clothing outside their home.
Finally, I committed to regularly documenting my thoughts and actions throughout the year in
an auto-ethnographic journal. This allowed me to track patterns and changes in my behaviour
over time.
Description of the lived experience wearing dynamic fabric
As described in greater depth in previous papers [45,46] the first weeks of Greenscreen Dress
revealed several challenges for integrating dynamic fabric into my wardrobe. For example,
after two weeks of wearing the same green garment, I found I wanted a greater variety of green
garments (or rather, a greater variety of dynamic fabric and ways to wear it). I found garments
with checkered green patterns and green leaves (Figure 8.2); I found garments with dark green
hues which had a “muddying” effect on the dynamic patterns. I also needed practical green
garments such as cardigans for warmth. Furthermore, only certain items and accessories in my
wardrobe could be worn with the new dynamic garments. For example, things that were black
or navy could easily be styled with the dynamic garments in both their active or static (green)
states, but few things that I owned in pink worked stylistically.

Figure 8.2. Fabrics from the researcher’s green wardrobe
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Figure 8.3. Examples of wearing dynamic fabric

It took several weeks, but I soon began to find a personal style for wearing the dynamic patterns. I drew inspiration from “glitch art” and exchanged ideas about this with followers on
Instagram. I wore pixelated animations and made dynamic patterns by capturing videos of
things like clouds and blowing grass. Sometimes, I mixed dynamic patterns by layering them
(e.g. chroma-keying videos of grass into each other) to create abstract animations that had
strange video artefacts.
Several months into the study something unexpected happened while wearing a dynamic garment. The large throne-like chair I was sitting in was green. Consequently, my dynamic patterns blended into the chair and also became activated (Figure 8.3). Followers on Instagram
really liked this effect, as did I, and I searched for more green things to blend with such as
plants and art (Figure 8.3). These unexpected moments of discovering new expressions happened often throughout the study.
In terms of when and how many times I chose to change the patterns on my clothing each day,
I found these moments to be largely influenced by mood or inspiration from my surroundings and social interactions. This rarely occurred at my desk, and I quickly understood I must
leave my desk to instigate these moments. The frequency with which I activated my garments
changed throughout the year–ranging from once a day to ten or more depending on inspiration from my surrounding situation.
In general, most of the people around me understood the significance of the green I wore each
day, seeing it as “active” with the ability to change. One colleague installed the same chroma-key app on his phone and dressed me with his own patterns, which I did not like. I counteracted this by dressing in green patterns—such as green stripes instead of an entirely green
garment—to derail this hack, as the images would be broken up and become unrecognisable. I
reflected in my journal on how fragile my control was over the dynamic patterns I wore.
To sum up, I posted 160 dynamic garments online in one year, with more than 6500 left “unworn” or “tried-on” on my smartphone. In general, I navigated choices for what to wear publicly between my personal tastes and perceptions of other people’s appreciation of them.
When wearing dynamic fabric became tiresome
About eight months into the study, major changes in my routine affected my motivation for
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wearing the dynamic fabric: I began commuting long distances for work and was newly pregnant. Often feeling over-tired and physically uncomfortable, I did not want to present myself
on Instagram. Also, despite continuing to interact with specific audiences in person and online,
I started to feel unsatisfied with the community engagement surrounding the work. There was
no reciprocation for wearing dynamic fabric. To sustain an enthusiastic engagement, it would
have required that other people wear their own versions of dynamic fabric with and around
me. Despite these drawbacks, I continued to wear it every day for a full year. Outside adding
new green garments to accommodate pregnancy, there were few experiences in the final four
months that generated novel insights beyond these last reflections.

Reflective Analysis of Greenscreen Dress
We now switch back to the third-person voices of the authors of this paper.
Several insights into the wearing-experience of dynamic fabric were extracted from Greenscreen Dress, described in detail in previous publications [45,46]. To summarise, they include
the insight that although the dynamic fabric generated many garments in one garment, the
researcher still felt the need to gather several garments to accommodate other practical and
expressive concerns. This challenges the notion presented in literature that a dynamic garment
would help mitigate fast fashion [17,21]. There were also issues of control over the dynamic patterns relating to when her garments were hacked; the influence of digital aesthetic sensibilities
such as glitch art from online communities; issues around balancing an abundance of wardrobe options in both the physical and digital experiences of the garments; wearing the dynamic
patterns in unexpected ways such as blending with the surroundings (Figure 8.3) or discovering
new material expressions by using the chroma-key app in unintended ways.
Moreover, we would like to offer an additional reflection on this study which we could only
identify with time, after Greenscreen Dress had ended: the memories the researcher retains
for wearing the dynamic fabric are visceral ones. The long amount of time she committed to
wearing the dynamic fabric caused it to deeply permeate her lifeworld. She still perceives
green-coloured things as dynamically “active”; she has personal meanings attached to certain wearing experiences documented on Instagram, and memories that include corporeal
experiences of feeling the fabrics while wearing them amongst the sights, smells and sounds
in her environment. She retains a collection of dynamic patterns on her phone which she
feels a fondness for as if they were cherished textiles such bed sheets or an old T-shirt. To
contextualise this post hoc reflection, the researcher did not experience the greenscreen system in the same way as traditional clothing fabrics, but was surprised by the extent to which
the dynamic patterns became part of the green garments to the point that throughout and
after the study the combination was as much a part of her personal style and history as any
items in her wardrobe.
Changed understanding of dynamic fabric
With these reflections in mind, we re-examine the initial intention to have mimicked dynamic
fabric, where Greenscreen Dress is seen to be an incomplete realisation of Proposition 1. In her
account, the researcher experienced the greenscreen system as a functioning form of dynamic
fabric. It functioned to change the surface patterns of her garments, it reasonably fit into the
practical and social dynamics of her daily life, and became personally expressive for her. Moreover, she formed an intimate relationship with the dynamic garments as part of her wardrobe
despite their mediated form.
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Consequently, we believe the greenscreen system in combination with her daily activities created a new form of dynamic fabric. In essence it was co-generated with her everyday life, put together through variables of different dimensions such as the influence of Instagram followers,
situated social interactions, her surroundings, textile qualities of the green fabrics, technological constraints of the greenscreen system, and her changing moods, motivations, and personal
tastes. We see that the intermingling of social and technical aspects over time brought forth a
new perception of the dynamic fabric, with a reduced emphasis on its technical abilities. We
thus propose the following second proposition of dynamic fabric:

Proposition 2
Dynamic fabric is a social-technical system of textiles that interact with augmented
reality and other digital media to change the surface colour and/or pattern of the textiles involved.

To unpack this, the focus here is on the fabric as a social-technical system to emphasise its social
fit into the wearer’s life instead of it being a “clothing-grade fabric”, as described in Proposition
1. In Greenscreen Dress, the system of green garments with the chroma-key app alone was not
considered dynamic fabric, but became so in conjunction with varying social situations. The
distinction as a social-technical system also calls attention to the social ecology of the technologies involved, and not only to the social ecology of dress. In the study, examples of this are
the creative influence of glitch art communities online, the app working in unintended and
unexpected ways, and the anecdote of being hacked. The technologies involved did not only
allow the fabric to change colour, but also added their own set of social considerations and
unique character.
As to it interacting with AR and other digital media, this part of the proposition comes with
the inference that dynamic fabric does not require digital technologies to be embedded into it.
This is a leap from Proposition 1, where dynamic fabric is described as an all-in-one technology-embedded textile. As described at the start of Greenscreen Dress, the green garments
and chroma-key app were originally used to approximate a tangible, technology-embedded
future fabric. However, through the process of co-generation with the researcher’s everyday
life, it began to achieve all the social functions of a garment fabric, such as being personally
expressive in social situations and an ability to be styled with other items in a wardrobe. This
inverts assumptions that colour-changing technologies must physically integrate with textiles
for them to be studied as garments [17], and opens up a discussion on the blurred boundaries
of mixed-reality technologies, and whether or not they qualify as “wearables”.
Case study 2: Phem
Our next study, Phem, takes a different perspective from Greenscreen Dress. Here the researcher investigates the fashion designer’s autobiographical experience of designing garments
with dynamic fabric. The main question being asked throughout Phem was What would it be
like to design garments with dynamic fabric in a present-day fashion context?
We now switch back to the first-person voice of the first author to summarize the activities and
reflections on Phem.
Setting up the case study
After Greenscreen Dress, I felt that I had found a form of dynamic fabric to explore designing
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with. At the time, AR seemed the closest technical description of it, but it did not feel right to
articulate it in this way. The term “AR-fabric” did not encapsulate all that I was experiencing.
I moved forward with the notion that I was working with dynamic fabric in the way that it
presented itself to me, without being able to precisely identify it technically.
Commitments for Phem
In the same way that I used my everyday life in Greenscreen Dress to explore concerns from
everyday life, I set the stage for Phem by immersing it in a fairly traditional fashion-design
process. I had practised as a fashion designer for many years with my own business, and treated
Phem as if it were to become a new independent fashion line. I aimed to produce a series of
garments for a fashion film, which is a widely-used format in the fashion field [67]. I collaborated with Club Futur (clubfutur.nl), a local branding and styling consultancy, and engaged
in the entire process of creating moodboards, designing garments, commissioning a logo, and
collecting content for an eventual social media presence. Finally, I produced the main artefact,
the fashion film, which can be seen here: vimeo.com/312729991.
Description of designing with dynamic fabric
As described in greater detail in other publications on Phem [44,47], I drew from the material
explorations of Greenscreen Dress and then went deeper into the ways that green-coloured
(and also blue-coloured) fabrics could interact with chroma-key apps to achieve different visual effects. For example, I experimented with custom printed fabrics and laser-cut shapes
to study my control over the placement of the dynamic patterns on a garment. I played with
transparent and shiny materials to achieve different effects. I also found by playing with colour-halftone tools in Adobe Illustrator, that I could reduce solid green and blue colours into
gradients of dots that were not quite green or blue when viewed up close. This confused the
chroma-key app. Fabrics printed with these dots would be active at a distance, but inactive
when the smartphone moved close. I imagined scenarios where the wearer could exhibit some
control through their proximity to the digital devices.
Over six months I designed 12 garments. They included custom-printed fabrics, hand-sewn
embellishments and various other materials to produce a variety of effects. However, only six

Figure 8.4.
Making
dynamic
patterns for
Phem.
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were featured in the final cut of the film due to iteration on the brand feel. I also created sets
of dynamic patterns with a shimmering quality. I made them using an online glitch-generating
tool [85] to create animations that I would film via a computer screen to collect screen-artefacts
(Figure 8.4). This resulted in hundreds of dynamic patterns that I categorised under different
names such as the “rainbow holographics” or the “silver statics”.
Shooting the fashion film took place over one day. We shot two kinds of footage—footage with
a smartphone depicting the model in real-time wearing active dynamic garments, and footage
with a digital SLR camera where she wore static versions of the garments. The shoot brought
many challenges, but the most significant was that the dynamic patterns I had pre-chosen were
not working stylistically with the atmosphere on set. I felt I had brought the “wrong” dynamic patterns with me, with no time to generate new ones. I also struggled with the idea that I
could not tangibly fiddle with the dynamic patterns to reposition and style them in a better
way. I decided to rely on the footage from the digital SLR camera and instead activate them in
post-production with more time to judge these details.
During post-production I made new sets of dynamic patterns that worked better in the context
of the film. I also iterated further on when the dynamic patterns should be activated in the flow
of the film. I reflected that my sensibility for this was tied to the way I would style sparkling
fabrics, aiming for the shimmers to appear in a fortuitous manner.
To sum up, the creative techniques I implemented to bring the film to its final form came from
improvisation with the digital tools I worked with. For example, during post-production I
chose to activate the garments in the raw SLR footage via the smartphone apps, via the computer screen (Figure 8.5) instead of using the chroma-key effects in the video-editing program.
As I described in my journal, this activity, as well as several other improvisations, felt “like
painting” with the dynamic patterns onto the garments.
When the film was complete I felt that the dynamic fabric had come to life in the film. Moreover, I felt it had come to life through my efforts to mould it throughout the process.

Reflective Analysis of Phem
We now switch back to the third-person voices of the authors of this paper.
Several insights into the experience of designing with dynamic fabric were extracted from
Phem, described in richer detail in [44] and [47]. For example, the material explorations revealed several interesting interactive effects that could have been more explicitly shown in the
film. However, from a fashion design viewpoint, we chose to focus on the fabric’s expressive
qualities in ambiguous ways than to demo its interactive capabilities.
We also found that strategies for blending the dynamic patterns with the qualities of the physical
textiles (e.g. texture, drape, surface pattern) yielded the most favourable results in terms of
generating a convincing form of dynamic fabric. In short, this allowed the dynamic patterns
to be perceived as fabric or as part of the garment as opposed to as video clips, which they
technically were.
There was also a strong frustration voiced in the researcher’s journal about not being able
to touch the dynamic patterns because they were mediated through the smartphone screen.
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Figure 8.5.
Activating the
dynamic fabric
via the chromakey app via the
computer screen

Thinking about how a materials-based designer operates in a garment-design process—ripping, folding, or scrunching fabrics to have a dialogue with them—it became clear why this
aspect felt lacking. For her, pliable exploratory actions with a fabric often dictate the next
moves in her design process. Closer to the end, she expresses ways she overcame this challenge.
To summarise, she found that interacting with the dynamic patterns in embodied and situated
ways enabled her to affect the fabric akin to manipulating it by hand. It was not as sensorial
as hand manipulation, but more sensorial than navigating a screen-based interface. As craftsmanship is strongly tied to tacit knowledge, her body movements for wielding the smartphone
around the garments and various screens began to feel “like painting”. She was not able to
handle the dynamic patterns but she could skilfully affect them by navigating other unstable
aspects in the moment (e.g. the lighting, wind, garment movements). She expressed needing
multiple attempts to get one of these moments right, and we suggest that drawing strategies
from time-based arts, such as dress rehearsals, could have allowed her to further develop this
craft for mixing dynamic patterns in situ, similar to the skills of a DJ or VJ.
Changed understanding of dynamic fabric
With these reflections in mind, we re-examine our understanding of dynamic fabric at the
beginning of this study. In the beginning the researcher expressed working with a form of
dynamic fabric that she could not articulate in technical terms. She also expresses frustrations
with not being able to touch the dynamic patterns, although this is later overcome. This paints
a picture of the dynamic fabric as something elusive, yet we see it has brought certain aspects
to the forefront.
First, it shows us that the dynamic fabric cannot be described in technical terms because it was
not bound to any one digital tool. It included all the digital technologies involved at different
times, in different ways. The dynamic fabric was something that appeared in certain moments
in certain configurations of tools, materials, people, and environments. And secondly, she was
partly able to overcome frustrations with the intangible, mediated aspects of the dynamic patterns via these configurations. For example, she could affect the expression of the fabric by
manipulating the lighting, directing the model’s movements or repositioning the camera. She
improvised with these configurations until she found ones that for her felt “like painting”.
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Furthermore, in addition to experiencing the dynamic fabric in this way in the design process,
the researcher expressed seeing it “come to life” in the final film itself. In the scenarios depicted,
the dynamic fabric seemed to naturally express itself. With this and all that we have previously
described, we postulate that that the existence of the dynamic fabric is conditional. Phem did
not result in dynamic fabric at the end, but in instances of it. We are left with the researcher’s
accounts of working with it, and the film as an exemplar of it. Moreover, the film arguably acts
as an alternative present that can be experienced by others.
With this we propose a third proposition of dynamic fabric:
Proposition 3
Dynamic fabric is a material state that blends physical textiles with uniquely digital
phenomena. This state occurs conditionally and temporarily and extends to both digital media and situated contexts.

In this final proposition, we take several steps away from the dynamic fabric being a technology-embedded textile, and veer slightly away from it being a social-technical system. The
design activities in Phem generated a new kind of intimate relationship with the fabric for
the researcher in the role of designer. She engaged it in a material-explorative manner, which
largely included digital phenomena from all the tools she worked with. For example, she
could style and create dynamic patterns after the film shoot (Figure 8.5) which brings into
question whether the model herself ever wore them? She also made and activated the dynamic patterns using a layering of screens technique (filming the computer screen) (Figure
8.4) to generate digital artefacts, and was challenged by the intangibility of the dynamic patterns. If dynamic fabric of any form is to be worked with as a fashion material it is beneficial
to recognise that it will carry uniquely digital material qualities along with its garment form.
In the case of Phem, this included it having a temporal form [68], a mediated or intangible
form, an ability to be in two places at once, and display uniquely digital artefacts (e.g. pixellation) as part of its expression.

Discussion
By describing two alternative presents for dynamic fabric, we offer an expanded understanding of dynamic fabric meant for everyday fashion. To summarise, we first described it as a
colour-changing textile embedded with electronics, then as a social-technical system interacting
with digital media, and finally a temporary material state that blends physical textiles with digital phenomena. Below we reflect on our approach and discuss modes of activating this expanded understanding for designers.
Reflections on Alternative Presents for Dynamic Fabric
This research took place between 2016 and 2019, yet we have not been able to articulate the
two case studies in this way, as alternative presents, until now. With distance, we saw the opportunity to examine them together and focus on our changed understandings. As we cannot
offer a formula for the method we undertook, we can offer the following ingredients which we
believe contributed to the outcome of this research: (1) choosing a technology that was widely-explored, though had minimal socio-cultural understandings, (2) taking an RtD approach
(3) drawing strategies from material speculation, and (4) using a researcher with a means and
capacity for unconventional commitments and personal investments in the inquiry.
147

Dynamic fabric, as an emerging technology, was a good subject for this approach because of
the considerable amount of prototypical work produced in the area with little understanding
for how it might integrate into an everyday fashion ecology. The door was open for us to explore the mundane and intimate details of its integration into a person’s wardrobe. We could
also extend the exploration to include a designer’s perspective, addressing concerns for how
materials-based designers might adapt their process to working with digital phenomena. Some
of these things have been addressed in other literature on wearables, but our approach generated detailed anecdotes to support or challenge them, and unpack the nuance involved.
We recognize that a challenge of our approach is how to account for the subjectivity of the
researcher in forming knowledge contributions. Insights from these studies are not generalizable, but transferable as intermediate knowledge meant for practitioners working with dynamic fabric. Articulating these insights as overarching propositions allowed us to add a second
layer of reflection, acting as the broad strokes of what occurred throughout the research. We
see that this approach could be of benefit to other topical areas for DIS. Moreover, we believe
that taking a first-person perspective and situating speculative technologies in context allows
for an increase in the ecological validity of a process that normally happens in a lab.
Expanded Understandings of Dynamic Fabric for Designers
The three propositions we have offered in this paper are theoretical constructs for dynamic
fabric. We do not propose that any one is definitive or incontestable. What we propose is that
they can be each be applied differently to frame design goals for dynamic fabric.
Designing towards Proposition 1, for example, suggests a focus on technological developments
for it to become wearable as a garment. Proposition 2, on the other hand, puts emphasis on
the social ecology of the fabric, prompting questions such as can other items in a contemporary
wardrobe be styled with it? or how will the speed of a dynamic pattern be interpreted? Arguably
this is a natural approach in fashion design, but we hope to highlight the inclusion of the social
dimensions of the digital technologies in this process.
Furthermore, Proposition 2 also describes interacting with AR and other digital technologies.
This paints AR in a new light, a technology that in our view has not been seriously considered
as a viable form of dynamic fabric. Moreover, it invites further interrogation of other technologies such as real-time Instagram filters, holograms or mapped video projections as dynamic
fabrics currently in use. We draw attention to some recent examples of this in fashion design
such as Johanna Jaskowska’s Beauty3000 Instagram filter [35] and Amber Jae Slooten’s explorations of VR garment designs and wearing them as holograms [58].
Finally, Proposition 3 emphasizes the blend of physical textiles with digital phenomena to create
an entirely new material state. This allows us to see dynamic fabric’s ability to extend beyond the
tangible, material experience of the textile it is part of—such as being on our body but also on
a screen. We hope that this view of dynamic fabric, then, invites textile and fashion designers to
explore digital phenomena materially in the same way they might engage fabrics—in boundary-pushing and improvisational interactions with them to uncover their unique qualities.
Furthermore, we wish to make explicit that dynamic fabric can and presently does exist as
we understand it from this third proposition. We do not think it requires further technological developments for a designer to be able to engage it, nor for them to collaborate with an
engineer to create it. Designing with dynamic fabric as a combination of textiles and digital
phenomena is achievable in a variety of unorthodox ways. The implications of this challenges
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fashion designers but also opens dynamic fabric to a wider research agenda where other kinds
of DIS researchers can explore the social-technical aspects of dynamic fabric, the role of AR in
fashion, digital media and software tools, new design methods, and approaches.

Conclusion
In this paper we have described two case studies that explore living with and designing with dynamic fabric over three years. These studies use an approach we call alternative presents, which
combines first-person, autobiographical, RtD methods with speculative design practises. From
this we generated three propositions for dynamic fabric summarised as (1) a colour-changing
textile embedded with electronics, (2) a social-technical system interacting with digital media,
and (3) a temporary material state that blends physical textiles with digital phenomena. These
propositions act as theoretical knowledge for dynamic fabric discourse and design practise.
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9

Discussion

9.1 Introduction
In the last chapter, I answered the main research question of this dissertation: What is dynamic fabric? I presented three theoretical propositions for what dynamic fabric is before,
during and after the two case studies, Greenscreen Dress and Phem. These represent the main
contribution of this research. To summarise, the propositions describe dynamic fabric as (1)
a colour-changing textile embedded with electronics, (2) a social-technical system interacting
with digital media, and (3) a temporary material state that blends physical textiles with digital
phenomena.
In the discussion below, I will further unpack how these propositions can be operationalised
in design research and practise in a wearables context. Furthermore, I will clarify the secondary contribution of this research by further discussing the methodological approach,
how it adds something new to material speculation, and offer guidance to researchers looking to take a similar approach.

9.2 More on dynamic fabric
9.2.1 Applying new understandings of dynamic fabric
9.2.1.1 Untangling the propositions from the method
Coming from a new media art and wearables background, more than a fashion background, I
now see that my initial approach towards dynamic fabric was indeed “techno-centric”, a concept I was deliberately trying to work against in this research. That is, I gave my clothing this
colour-changing ability because it was possible and I had the tools to do so (as Dunne wrote
“because we can” (2010)), not because it was necessarily a phenomenon emerging from an
everyday fashion context. I overcame this “problem” by creating my own personal fashion
context for it to emerge. Still, perhaps it was unavoidable; perhaps working with wearable technology inherently dictates that one will start from the technology. A fashion designer might
start from fashion and a wearables designer might start from technology, and either may be
successful.
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With this in mind, these propositions can be useful for wearables practitioners starting from
the technology, or starting from dynamic fabric. They can offer guidance in different ways.

Proposition 1
Dynamic fabric is a clothing-grade textile or textile-like material that can change
colour and/or pattern using embedded electronics. It can dynamically display and
change imagery like a computer screen in response to situated input from a body, the
surroundings, and/or other kinds of remote data.
Proposition 1 can guide a wearables, or textile designer, or engineer towards functional requirements for developing a dynamic fabric intended to be integrated into clothing or used by
fashion designers. It is similar to a dictionary definition, but because it is not yet technically
possible as described, it is aspirational. It is the fabric I wished I had but did not have at the
beginning of the research, and it is where I deduced that the technology was heading. The most
useful word in this proposition is “clothing-grade”, as it implies the fabric should be comfortable, washable, cuttable and sewable. Having found these basic qualities in the greenscreen
system, they allowed me to tolerate wearing it in daily life in a practical sense. Still, compared
to Propositions 2 and 3, Proposition 1 is missing some arguably key qualities of dynamic fabric
as a fashion material in use. Proposition 1 is therefore most valuable in comparison to the other
two propositions so as to draw out what their differences mean or imply for design processes
with dynamic fabric.

Proposition 2
Dynamic fabric is a social-technical system of textiles that interacts with augmented
reality and other digital media to change the surface colour and/or pattern of the textiles
involved.
Proposition 2 highlights that it is a social-technical system. This suggests including several
people, several contexts, and several digital technologies in design explorations. This suggests
spending less energy designing it to look and act in a pre-conceived way, and allowing some of
this to be dictated in more collaborative, socially-rich systems or contexts. Proposition 2 also
tells us that dynamic fabric does not have to be an entirely tangible artefact, which opens up
the technical solutions that one could explore.

Proposition 3
Dynamic fabric is a material state that blends physical textiles with uniquely digital
phenomena. This state occurs conditionally and temporarily and extends to both digital
media and situated contexts.
Proposition 3, the most ambiguous of the three, tells us that dynamic fabric is still somewhat
elusive. If we think of it as building on Proposition 2, it is a social-technical system, with the
added assertion that we should remain open to how it might present itself between physical
and digital contexts. We are still getting to know it, to see it, to understand it. We can expect
the unexpected. In this way it could be beneficial to take some unconventional or “artistic”
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approaches for working with it. For example, one might include other kinds of practitioners
in their design process (VJs, media artists, fashion designers, textile artists, dancers, etc.) to
uncover some of its newer qualities or potential applications.
So, must a designer wear a technology for a year, like I did, as part of their design process in
order to benefit from or truly understand these propositions? No, I do not believe so. A designer can take guidance or inspiration from these propositions in different ways, as they are.
Certainly, each proposition can draw out different ways of approaching dynamic fabric, or
different design principles to help guide a designer. Overall, the propositions imply that design
processes will benefit from considering and exploring the social-technical systems that surround the dynamic fabric and to consider the ways uniquely digital phenomena might change
the nature of it, before making assumptions about what they are designing.
9.2.1.2 Speaking to designers and practitioners directly
To further support understandings of Propositions 2 and 3, I would like to speak to designers
directly by describing the dynamic fabric I worked with as a fabric, or, describe it in a thought
experiment as if another designer had asked me What’s that fabric you’re working with? I have
a strong inclination to do this because it is another way to present some of the key experiences
that informed the formulation of these propositions. Moreover, it feels like a tangible way of
describing it to designers starting from the place of the textile or of the place of the garment. I
might say to them:
This is a very unusual fabric. I’m getting used to working with it.
I can’t really handle it, cut it or feel its texture because it’s behind my smartphone screen,
and sometimes behind other peoples’ screens. But because of that, it can be in many
places at once, at different moments and even appear differently in all of them.
One of my favourite things to do with it is have it jump off a garment and blend with
other surfaces in a room—like a plant or a chair or an entire wall. I found this way of
painting with it as well, collecting videos of the sky or grass and mixing them with other
surfaces to create new patterns. I can then wear those patterns, or keep them for later.
One of the really fascinating things about this is that I can then make those patterns
appear differently through fabrics. A furry textured material, for example, can give the
pattern extra depth, or a textile with a graphical print (like polka-dots) can be given a
sparkling effect by embedding it with a dynamic pattern that is really fast-paced.
It’s not always easy to know “when” or “where” this fabric might be, but this can be easier
to fathom (and design for) with time and practise by being with it and through wearing
it. Still, it might surprise you, like the time it unexpectantly appeared in a mirror or in
a shadow on my hand. Over time I found I really liked to bring out these screen-like
qualities I had found in it (likely because I view it through digital screens), so I really
emphasised pixellation and moiré effects in my designs for the Phem garments.
Despite how strange this fabric sounds, I can personally vouch for its ability to work with
a contemporary wardrobe. I wore it for a year and it revealed a whole new dimension of
personal fashion for me. I’ve seen other designers doing similar explorations, for example,
Johanna Jaskowska’s Beauty3000 Instagram filter that projects a shiny, iridescent shimmer
over your face that’s quite elegant and other-worldy. This inspires me to imagine what
other forms it could take, or what other dynamic fabrics are already out there.
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This question, What’s that fabric you’re working with?, came my way a number of times from
followers on Instagram throughout this research. I did not answer their questions like this, but
if I had it would have led to follow-up questions such as, Okay, but what is it exactly? and How
do I get it?
The simple answer to this is that it I created it using a chroma-key app with green, blue, and
sometimes pink materials, but I am certain it can be created in several other ways. If chroma-key apps had become suddenly obsolete in the midst of this research, there would have
been other ways to explore it. I could have tried other apps, other Instagram filters, other computer programs that might have allowed me to explore “painting” with digital materials onto
garments. There are other ways physical textiles could be blended with digital phenomena, like
through video projections, other AR apps, or perhaps even pulling out the LED circuit-boards
I worked with in my previous design practise with a new perspective and design strategy. My
conception of dynamic fabric is no longer tied to any particular digital tool or material after
doing this research.
And what I hope to impart to design practitioners, by providing this supplementary description
of the dynamic fabric I worked with, is that there is still so much to explore with this kind of material. How can the quality of being in many places at once be explored and exploited in a garment
design? What does it mean if a pattern can leap beyond the borders of a garment and onto another
object or surface in a room? How does capturing patterns from your environment and wearing
them change the relationship between a garment and its environment? Although I started this
research with a fixed notion of what dynamic fabric was or could be (essentially, Proposition
1), I now see there is more to explore than only the colour- and pattern-changing quality I was
originally interested in. Moreover, there are more qualities for designers to identify and articulate
than I have so far, and to work with them in ways particular to their own craft and curiosities.
9.2.1.3 Expanding further to surface- and texture-changing textiles
My inquiry into dynamic fabric has been restricted to the area of textiles that change colour or
pattern using digital technologies. I did this in order to focus the research, and deliberately did
not bring in other dynamic, surface-changing abilities such as texture change or shape change.
The overall examination and literature reviews for dynamic fabric has been concentrated on
colour- and pattern-changing materials for garments. For this reason, I cannot comment or
expand on how other surface-changing qualities factor into the idea of dynamic fabric directly.
However, other qualities did show themselves in my explorations. For example, I discuss dynamic patterns that move “beyond the borders of the garment” in Chapter 5, and also describe
in Chapter 6 how I explored the dynamic patterns through a variety of differently textured
green materials, such as quilted fabrics, plastic sequins, and metallic snakeskin. In short, the
system I used showed that these kinds of surface changes matter and factor in as dynamic fabric qualities in different ways.
Although I do not wish to alter the propositions (by replacing “colour and/or pattern change”
with “surface change” or “state change”), I do believe that textiles focused on other kinds of
visual surface changes for garments could be included in these understandings of dynamic
fabric. Certainly for Proposition 3 there is no distinction between colour, pattern, texture, or
shape change.
Next, I will elaborate more on what it means to accept Proposition 2 and Proposition 3 in
wearables discourse, design practise and research.
158

9.2.2 Extending the notion of wearability in wearables
I have found a rigidity towards the notion that wearables strictly means wearing a technology
on the body in a purely physical sense, and Propositions 2 and 3 challenge this idea. In discussions about AR in a wearables context, for example, what is described as “wearable” mainly
are the physical AR-markers themselves or the AR-headsets and not the digital imagery that is
being worn (e.g. Amorim et al., 2020; Häkkilä et al., 2017; Holdack et al., 2020). Feedback I
received from reviewers in the HCI community for papers in this dissertation frequently had
this same viewpoint. For several reviewers I was investigating AR fabrics and not dynamic
fabric as a “wearable” technology. For example, one reviewer wrote, “the authors refer only to
augmented reality fabrics and not ... to fabrics with embedded computational components, such
as conductive thread.”
What I hope to have demonstrated through this dissertation is that the dynamic fabric examined in this research as a “wearable” is inclusive of the mediation of my phone, and all the digital media involved; it’s inclusive of the green fabrics, reflections of it in mirrors and instances
of it spilling over onto green plants; it’s inclusive of Instagram posts and the final fashion film
itself. It’s there in all of these things, and therefore the idea of wearability in wearables could
open itself up to a wider scope of digital experiences being brought to garment- and accessory-wearing experiences that do not only refer to physical experiences and physical components. Separating AR-fabrics and the AR digital imagery from the physical “wearable” parts
keeps understandings of each at the technical level. Consequently, this makes it difficult to see
how these distinct areas could be striving for similar things. The “uniquely digital phenomena” referred to in Proposition 3, for example, allows us to start unpicking how digital media
in general can change the nature of a fabric without requiring these technical distinctions; it
allows us to start identifying the qualities that a variety of forms of dynamic fabric share simply
because the digital is involved.
To emphasise this point, I would like to convey that fashion designers for several years have
been co-opting video game platforms, social media and other 3D modelling software to design

Figure 9.1. Screenshot from Balenciaga’s video game Afterworld: The Age of Tomorrow featuring their Fall 2021 collection.
Image source: www.dezeen.com/2020/12/09/balenciaga-afterworld-the-age-of-tomorrow-video-game/
159

and present their clothing in different
ways (e.g. the Swedish brand Atacac
and the Dutch brand The Fabricant).
Moreover, while writing this chapter,
luxury fashion-brand Balenciaga has
famously premiered their Fall 2021
collection in a video game environment (Figure 9.1), and The Fabricant
(in collaboration with Dapper Labs
and Johanna Jaskowska) has sold an
entirely digital dress for $9,500 as a
blockchain digital asset (Figure 9.2).
What is interesting about these examples is that they all explore different
ways that digital technologies can extend fashion experiences and extend
garment-wearing experiences. I can
imagine that the designers involved in
these projects might share rich discussions on the productive and challengFigure 9.2. Iridescence. A digital dress sold as a “traceable, tradeing tensions created when working at
able and collectible piece of digital art” (source: https://www.
the intersection of physical and digital
thefabricant.com/iridescence), modelled by Johanna Jaskowska,
fashion experiences. They might recPhotographer: Julien Boudet. Digital Fashion Design: Amber Jae
ognise some of the uniquely digital
Slooten. Production: The Fabricant x DapperLabs. Image source:
material qualities described above
www.thefabricant.com/press
(e.g. the fabric “being in many places
at once”) or have thought deeply about
what it means for them as fashion designers to take away much of the physical aspect of garment design, as discussed in Chapter 7.
And so, as previously described in Chapters 1 and 2, the understandings of wearables is in a
transitional stage (Ryan, 2014; Toussaint, 2018; van Dongen, 2019). The benefit of opening
dynamic fabrics and wearables to the possibility that physicality needn’t be an essential requirement for pairing technology and dress is to open wearables to more ways the digital space
can change the nature of materials and fashion-based experiences. Moreover, it is to potentially release designers and researchers heading narrowly down a path dictated by technological
developments that they imagine or wish for, and direct them instead to places we have already
arrived at. Digital experiences are malleable to non-programmers at this moment, so designers
no longer require engineers and programmers at their side to explore blending digital experiences with garment-based ones. This is not meant to diminish the value of technical know-how
or advancements in wearables and smart textiles; it is also not meant to ignore the fact that
fashion and textile design has a long, established history of inventing and working with cutting-edge technologies (see p. 21). Instead, it is meant to point out that, rather than being limited to physically placing hardware into garments or onto the body, there is a multiplicity of ways
to “wear” digital technologies; there is a multiplicity of ways that garment-wearing experiences
can be extended through digital technologies. And for fashion designers or wearables designers
who believe that they must become programmers or work with engineers to engage digital
materials in new ways, I do not believe that they do. To see this more clearly requires opening
oneself to the latent potential in existing contemporary, and even “out-dated”, digital tools and
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materials, to be open to working with new kinds of digital material qualities, and to detach
wearables concepts from out-of-reach futuristic projections reliant on technical developments.
9.2.3 Seeing digital materials as part of a social ecosystem
To be inclusive of all the technologies and technological configurations involved for dynamic
fabric, such as Instagram, smartphone apps and screens, is to also be inclusive of the contextual
factors surrounding a dynamic fabric, or any emerging wearable. This is highlighted in Proposition 2, where the dynamic fabric is described as a social-technical system. What this suggests
is for designers to see and work with their materials as part of an ecosystem, and to allow design
directions to emerge from that ecosystem. And if that ecosystem is not yet clear or does not yet
exist for the new material or technology, it could be activated through one, somehow, before it
can begin to take shape.
This is why I think it would be beneficial for design practitioners and researchers to use everyday life as a design space more explicitly in their explorations, and to engage in explorations
for longer periods of time than days and weeks. That is, it can be beneficial to wear the digital
materials themselves in their own daily life, or to give it to others to do so. In this research, this
activity allowed the inquiry to transition from an imagined idea of dynamic fabric (Proposition
1) to generating a form of it I could design with (Proposition 2, and then 3). If I had kept my explorations in a lab or design-studio setting, I believe the designs would have been relegated to
the garments I made as singular objects of inquiry. We could then interrogate those garments
for their craftmanship and novel design features, and speculate on the implications of them,
but as Tomico and Wilde (2016) point out, integrating context more directly adds depth to the
design process and output. It can be a productive activity to “throw” a wearables concept into
action in this way—to learn about them from situated experiences so that we can move beyond
conjecture and gain fuller understandings of the design space.
As an example, I’d like to bring up Chapters 6 and 7, where I describe a discovery I made using
colour-halftone printed fabric to fool the chroma-key app. The fabric could become activated
by a dynamic pattern from a distance, but would deactivate if the smartphone camera came
within a meter of it (see Figure 9.3). This occurred because the green or blue colour that the
app was looking for would get broken up into dots of different colours it didn’t recognise.

Figure 9.3. A colour halftone print that would confuse chromakey apps. At a distance it would recognize it as a certain blue and
composite imagery into it, and at a closer distance it would fail to recognize the blue it originally perceived as the dots appeared
and broke it into two colours. This effect is also described in Chapter 6 and 7.
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While this is an interesting finding to have emerged from playing with the materials in the
lab, there was no indication from my experiences in Greenscreen Dress that this situation
would make sense in an everyday context. At that moment in the research, pursuing this effect further would have been forcing it onto the concept of dynamic fabric, instead of pursuing it as an emergent behaviour derived from context. Moreover, the contemporary fashion
design examples I described above (e.g. The Fabricant or Balenciaga) were not borne from
technical innovations per se, but from explorations of digital spaces already occupied and
already social, such as gaming spaces, social media platforms, or blockchain-based experiences. In other words, they make some kind of sense because they were built from within a
social ecosystem.
This echoes back to Lucy Dunne’s criticism of wearable technologies being built from a techno-centric viewpoint, to make them “because we can” (2010, p. 43). Greenscreen Dress came
before Phem because I hypothesised that I needed to understand what it was like to wear it in
daily life before I could begin to design with it. Consequently, this created the social space for
the dynamic fabric to be explored in, where my colleagues, friends, family, strangers on the
street, and followers on Instagram became part of the complexity of the experiences. Designing
garments for Phem took inspiration directly from these experiences, which is what allowed
me to project a rich expression of it through the fashion film as opposed to something more
demonstrative of its abilities. This expression was grown from numerous situations in my everyday life that involved more than just me, a garment, and an app, but included the influence
of other people, the practical requirements of my day, the objects or landscapes around me,
and surprise encounters with nature. For wearables practitioners wishing to enter the space of
personal fashion, it seems paramount to activate understandings of them in and through social
spaces and other kinds of social-technical systems from the start, simply because fashion is
inherently social.
9.2.4 Relinquishing control over the design of digital materials
Seeing a dynamic fabric, or other digital materials, as social-technical systems is not necessarily a straight-forward thing to do. Part of what this means is to allow it to be shaped by things
other than the craftsmanship or intentions of the designer. In Greenscreen Dress, for example,
the ecosystem that surrounded it informed and guided the ways it would be used. I had to be
around grass and sky, for example, to have the idea to capture grass and sky as patterns to wear;
I had to be on Instagram to have been influenced by the followers sharing “glitch” aesthetics
to grow my style with it. Moreover, I had to spend significant amounts of time with it to begin
to identify patterns, and diversions from those patterns, to understand the motivations behind
them. I could not have predicted or planned for any of these things beforehand.
What this means is that once a digital material is put out into the world, it will be shaped primarily by its wearers and everything else around it. Indeed, a traditional garment can be styled
by a wearer in ways unintended by its designer, but there seems to be an added complexity surrounding digital materials, like dynamic fabric, where personalisation can happen in any number of unexpected and disruptive ways. For example, as described in Chapter 4 and 5 in the
Greenscreen Dress study, it was a surprise to me that in the fourth month I began seeking out
green objects in my environment in order to “blend” with them as extensions of the garments.
I began preferring to wear dynamic patterns in this way, even wearing patterns that I had
mixed from videos of things in my environment. This level of personalisation, dependant on
numerous situated factors, expands the temporal dimensions of the dynamic garment, making
any pre-conceived patterns by a designer almost meaningless in comparison. The question
becomes, how should one design for wearers that will design?
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Moreover, if the threshold for working with dynamic fabric is low for designers, as it was for
me, where they are no longer dependant on engineers and programmers, then wearers can
design dynamic fabric at this very moment. They can also theoretically dress other people
how they like. As described in Chapters 4 and 5, a colleague of mine “hacked” my clothing and
dressed me in ways which I did not like. It was as easy for my colleague to download and use
the app as it was for me. As the wearer and designer in this case, I felt powerless to control my
clothing, and felt I had made myself vulnerable to this “attack”. Similarly, as I briefly mentioned
in Chapter 8, the model in Phem was unaware of how we were dressing her through the app
during the film shoot, as she could not see it in the moment. As the fashion designer in this
Phem situation, I was also unaware of how my collaborators were dressing her alongside me at
the shoot until I viewed the footage afterward. It lead to some disappointments and also pleasant surprises. These examples raise several questions about the role of the designer, where their
influence lies or should be, and how to design in ways that embrace inevitable transformations
of their work outside their direct control.
9.2.5 Learning to work with temporality
Propositon 3 opens designers to the possibility that dynamic fabric is a material state blending textiles with digital phenomena. It is “there” under certain circumstances and runs fluidly
between situated contexts and digital media contexts. This conceptualisation is not easy to
grasp, but I hope to have made it more tangible through the supplementary description above
in Section 9.2.1.2, where I describe it as an “unusual fabric” with the ability to do things like
temporarily blend with other objects or be in many places at once.
One of the qualities that can be drawn from this proposition is that dynamic fabric has a temporal form (Vallgårda et al., 2015), and that this is an aspect designers must learn to deal with.
This could even be extended by saying it has a relational form if we consider that a dynamic
garment might change based on information uniquely related to the time of day or something
happening in a particular moment (e.g. the weather or drinking a coffee). It is not a new concept in HCI discourse that computational things have inherent temporal aspects to them, but
how does this transfer to fashion contexts? Fashion too deals with temporality, at a tacit level,
but what is different here is to bring up temporality as an explicit material quality that can be
worked with and explored at the digital dimension. Hallnäs and Redström (2006) describe
thinking about a temporal gestalt in interaction design, where the temporal qualities of a technology combine with the spatial qualities of other design materials. Their work further discusses developing sensitivities to rhythm in interaction design and adopting the metaphor of
working with the expressiveness of a technology as a leitmotif (a recurrent theme in a musical
composition tied to a particular idea, person or situation), which I find to be a fitting framing
for discussing temporal form:
If I play the violin, it helps me express the meaning of music in my life to myself and
other people. It is this type of musical expressiveness and meaningfulness that is in focus
when designing a violin and not usability in a more narrow sense. The notions of musical
expressiveness and meaningfulness guide the design; they are the basic leitmotifs for the
design process. (p. 114)
In the context of textile design, Linda Worbin (2010) discusses the temporal dimension of
rhythm and speed for dynamic textile patterns that change colour or light up in response to
various kinds of input. As Worbin describes, the textile designer here is no longer designing for
one textile expression, but several temporary moments that include accounting for the static
states and also the transitional ones. Worbin writes:
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Similar to schemata for musical form, we can for instance describe the basic temporal
form of a dynamic textile pattern by listing pattern components in series such as A B A,
which indicates two elements that both can be seen as traditional static textile pattern
and a transformation from one state into another. (p. 260)
A textile’s abilities and spectrum for pattern changes are very real concerns that a designer
must grapple with when working with dynamic fabric or any other digital material, as well
as when (temporal form) and under what circumstances (relational form) this pattern change
must take place. Musical analogies and borrowed techniques from music seem increasingly
relevant for working in this space. To build on this idea in terms of clothing, I would suggest
that the volatility and extreme importance of social context in relation to personal fashion calls
for the temporal and relational forms to be worked with and calibrated on a case-by-case basis,
openly and conversationally with the materials, as described in the previous section and Chapter 7. I have learned through this research that dynamic fabric is best worked with in a mostly
improvisational manner, and that no degree of planning could prepare me for each encounter.
The best way to learn to deal with the temporal and relational forms of dynamic fabric meant
for garments is to simply dive into working with them, and allow the tacit learning process to
take over with time and practise in situated, social contexts. To re-iterate a key reflection from
Chapter 7, drawing techniques from time-based arts such as musical or theatrical performance
(e.g. dress rehearsals) could allow designers to hone their ability to style dynamic garments in
live settings, acquiring skills on par with electronic-music DJs or VJs.
9.2.6 A note about the environmental impact of digital materials
As written in Chapter 5, one of my motivations for choosing to explore dynamic fabric in the
beginning of this research was the speculation by Dunne (2010) that reads,
With electronic technologies, the user may be able to control the visual properties of a
garment, including its shape, texture, color, or graphic. Integrating dynamic aesthetics
into a garment also has implications for the sustainability of clothing consumption: if
a single garment can be made exponentially more versatile, an individual may need to
consume fewer garments, and keep each garment longer. (p.50)
Devendorf et al. (2016) found further support for this idea in their examination of Ebb, a colour-changing textile used as a prompt for designers and wearers to discuss how this textile might
be used or worn in everyday life. Greenscreen Dress challenges these speculations by demonstrating how facets other than surface-aesthetics were important for personal garment choices
(e.g. silhouette and warmth), and how my green wardrobe grew over time. While issues of sustainability have not been central to this research, they remain important and unavoidable discussion points as both the fashion/textile industry and electronics industry are massive polluters.
Further to this I would like to discuss the idea of turning to digital materials for fashion and
the possibility that they might or might not have benefits for the environment. I have learned
a lot about the harmful effects of digital materials and “digital waste” over the last few years,
including how difficult it is to track and understand this. For example, does one start weighing
the harmful effects of producing physical digital devices and the energy/waste that support
them, or start from the “data” exchanged with each use? As much as I continue to be excited by
the possibilities of digital media for new kinds of fashion experiences, I am also wary of seeing
digital or “virtual” fabrics and experiences as immaterial or without environmental harm. They
bring with them a whole added set of environmental challenges that are not fully understood
in research or in industry. Discussions I have had recently with designers include questions
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like: In what ways exactly does a digital fashion show counteract the harmful effects of a physical fashion show? or, Is a digital garment waste-free? What is it made of exactly? And for the
uncertainty that still exists here, I would caution designers looking towards the digital space as
a replacement for the waste that comes from producing and transporting physical materials,
without fully knowing the complex ways digital waste impacts our environment and how much
government regulations as well as user/wearer behaviour also play a role in this.
From here, I will further discuss the methodological contribution and limitations of this work,
drawn from combined strategies in HCI. These strategies allowed me to use myself—my everyday life and design practise—to arrive at the new understandings of dynamic fabric articulated
above.

9.3 More on the methodological approach of this research
9.3.1 Alternative presents or something else?
In Chapter 5 I asserted that the approach I had taken with Greenscreen Dress was a material
speculation inquiry because it appeared “to not ‘fit the logic of things’ in the everyday world
yet undeniably existing in the actual world” (see p. 77). In Chapters 6 and 7, this framing still
holds, and these chapters focus more on examining what it means to work with dynamic fabric
now that it is seen as “real” and not as something being mimicked.
In Chapter 8 I brought more attention to this major shift, of it feeling real to me, by further examining what it means for dynamic fabric understandings, and how my research approach got
me there. I diverge from material speculation slightly to articulate what happened as something
Auger had previously articulated, the idea of creating an “alternative present”. At the time of
writing Chapter 8, the term “alternative presents” and much of the motivations Auger had behind it, helped me articulate the idea of having a speculative inquiry transform into something
real. My co-authors and I described it as a methodological approach that uniquely combines
research through design, speculative design, and autobiographical design, inspired by Auger’s
use of the term in (Auger, 2013) and (Auger, 2014).
Both of these framings—material speculation and alternative presents—helped support articulations of my approach at different times, but I would now like to position the research
differently again to clarify the methodological contribution I am making. So, in relation to material speculation and alternative presents I would like to offer this insight: When a researcher
personally engages in a speculative inquiry for a very long time in their daily life, one possible
outcome is for the inquiry to cross a border from being something speculative to something real.
Generally for material speculation discourse, this means that the counterfactual element can
appear in different ways than have been currently described, and for alternative presents this
proposes another way for designers to generate an alternative present in speculative design that
similarly questions assumptions about the trajectory of a technology.
Before I unpack this, I will first briefly compare both material speculation and alternative presents in order to position this insight and clarify the methodological contribution I am making.
9.3.1.1 Alternative presents compared to material speculation
Upon closer inspection the way I have used the term alternative presents in Chapter 8 diverges
too far from the way Auger describes it methodologically in (Auger, 2010) and then (Auger,
2013). Here, Auger describes alternative presents as a method in speculative design, which
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could be summarised as re-imagining a popular product (e.g. a mobile phone) as if it had become domesticated by different design ideologies or circumstances than have actually occurred
in history. The result is a designed artefact that exists today in an “alternative present”, blurring
the lines between fiction and reality, and poignantly questioning why things are the way they
are. It is a re-imagining of our “technological present” (Auger, 2010).
Similarly, material speculation focuses on examining specially designed artefacts as counterfactual artefacts, or, material things from a possible world that operate and exist in the actual world. These counterfactual artefacts are carefully crafted by designers and researchers,
“shaped and designed through materials, form, and computation such that the artefact is balanced between ‘falsely’ existing in the actual world while being ‘true’ in a possible world” (Wakkary et al., 2016, p. 47). Vital to material speculation is that the artefacts are deployed in the
actual or everyday world in some way so that “the possible world [can be] triggered by people’s
interactions with them” (Wakkary et al., 2015). Once they have been experienced, researchers
can critically examine these experiences that hovered between the possible and actual world.
Auger, in his paper “Living with Robots: A Speculative Design Approach” (2014), further describes alternative presents in the context of asking how might we live with robots? Here, Auger
unpacks the idea of what it means to domesticate a technology and how characteristics of
product domestication can be used alongside speculative design techniques, such as alternative presents. He describes several projects that re-imagine a robot in the home reflecting this
pairing of concepts. What’s significant here, for this doctoral research, is that Auger describes
a design brief given to students that offers a first proposition for what a robot is—“It can sense
the environment; It can compute decisions based on sensory information; It can act on these
decisions.” This description, the brief explains, is sufficient from a technical perspective but
“fail[s] to reflect the mythical or emotive factor commonly associated with robots.” Students
were asked to design a domestic robot with this proposition in mind but to “rethink the robot
based on complex human needs and desires...” The resulting projects depict ways a robot could
become domesticated in the home today (Figure 9.5), quite effectively instigating critical discourse on the topic. There is a clear synergy with my work and what Auger is proposing here,

Figure 9.4: The table-non-table, a counterfactual

Figure 9.5: With Robots – Handling, Diego Trujillo Pisanty (2011) How

artefact designed for a material speculation inquiry,

desirable is robot precision in the kitchen? This situation shows how

pictured here deployed in a home environment.

meat has been precisely cut into cubes without leaving any cut marks on

Image courtesy of Ron Wakkary

the chopping board. The board itself has notches on two sides to facilitate robot interaction and handling. Courtesy of the artist.
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especially in this educational exercise that begins with a proposition that is mostly technical,
like Proposition 1. However, the idea of someone actually living with the robots in order to
generate insights about the experience is not explicitly part of the approach Auger discusses.
Considering all of this, I am inclined to frame Greenscreen Dress as a material speculation
inquiry, moreso that an alternative present, simply because of material speculation’s focus on
examining designed artefacts in the actual world, and ideally, by living with them. Furthermore, speculative design projects are aimed at broad popular audiences, presented in galleries,
museums, conferences, public events, or online platforms, as spaces of contemplation and
discussion. To be clear, material speculation does not fall under the speculative design umbrella directly, but is meant to be complementary to it. So while material speculation overlaps in
many ways with Auger’s notion of alternative presents in speculative design discourse, one of
the major ways it differs is through its research output, which is more focused on empirical examinations of specially designed artefacts in everyday life, and less on crafting the speculation
for an audience. This aligns more squarely with what Greenscreen Dress was attempting to do.
Still, I was brought to Auger’s alternative presents because of how well it describes the shift that
happened in Greenscreen Dress when it no longer hovered between the “possible world” and
the “actual world”, as material speculation is described. Auger places an alternative present on
a timeline (Figure 9.6) of the past, present, and future, shifting it slightly adjacent to the present moment, to communicate the odd way a speculative design project can appear to exist in
everyday life, blurring fiction and truth.
And so this becomes an issue of articulation. How can I articulate what I believe to be some
other place a material speculation inquiry can go, that does not impinge on Auger’s articula-

Figure 9.6: Auger presents two speculative design methods on a timeline: speculative futures and alternative presents. Comparatively, speculative futures is more about crafting provocative speculative artefacts based in the future that follow a particular
lineage of product development, while alternative presents is about breaking with these product-lineages and imagining a new
way a product could exist today. With permission from James Auger.
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tion? I could articulate Greenscreen Dress and Phem as “parallel presents” instead, but I do not
believe adding another term will help understandings of this research, especially when I feel
the overlap with Auger’s alternative presents is still a synergistic one.
What I wish to do, in the context of this dissertation, is contribute something new to material
speculation in two ways, through (1) the role of the design artefact and (2) the element of
autobiographical design.

9.3.1.2 Methodological contribution to material speculation
(1)The role of the design artefact
For material speculation, the inquiry begins with crafting a counterfactual artefact. To re-iterate, this is a specially designed artefact meant to be of a possible world but placed in our actual
world. It is crafted in such a way that “requires expertise and design judgment to create an
artefact that successfully contradicts and deviates from the world around it, yet is entertained
as a viable proposition of our everyday world.” (Wakkary et al., 2015, p. 105) (e.g. Figure 9.4).
As Wakkary et al. (2015) write,
... we can see counterfactual artefacts as embodied propositions similar to propositions
in counterfactual statements in analytic philosophy. It is helpful to think of [them] as
being if...then statements...” (p. 101)
In Greenscreen Dress there was a different order of things under this description. If dynamic fabric is the counterfactual artefact, then we can see it was not carefully crafted in advance of living
with it but emerged through living with it. The artefact was “made” by this process. Moreover,
the propositions for dynamic fabric emerged towards the end, as a matter of process. What this
means for material speculation is that the counterfactual element can be a matter of process, and
does not necessarily require the careful crafting of an artefact at the beginning of the inquiry.
I believe this insight crosses over to other ways this work has been contextualised in design
research. For example, it aligns with what I described in Chapter 3 where artefacts are seen
as the holders of design knowledge in research through design, described as embodying a
designer’s judgments (Gaver, 2012). I expressed difficulty in presenting my work in this way
at the RTD2017 and RTD2019 conferences, explaining that the artefacts themselves did not
embody the knowledge, but that multiple articulations of the wearing experiences did more
fittingly (e.g. through written anecdotes, videos, collections of images on Instagram, etc). This
aspect is also expressed by Wensveen & Matthews (2014) in the context of examining the roles
of prototypes in design research. One possibility, they write, is that the focus can sometimes
shift from the prototypes themselves and onto the process of making them as the vehicle for
inquiry and insight, writing,
... the process of making an artefact is instrumental in doing design research ... The process
is documented, analysed, critically assessed and written up, and the research contribution
is tied not to the artefact itself as much as to how the artefact was crafted. (p. 269)
(2) The element of autobiographical design
Material speculation does not explicitly include an autobiographical element. Participants or
researchers might live with the artefacts for short or long periods, or the artefacts could be
encountered in other everyday situations (e.g. on the subway). The researchers that live with
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them might or might not be the researchers conducting the study. Therefore, given Greenscreen Dress, I would like to posit that explicitly borrowing strategies from autobiographical
design can be an additional way of engaging in a material speculation inquiry. This relates to
what I have described earlier about the dynamic fabric becoming real to me based on the way it
had become part of my wardrobe and part of my life. From the outside perspective it might still
have appeared as a chroma-key app paired with green clothing, but for me it had crossed the
border from the possible to the real, in the context of a long-term empirical investigation. This
makes the researcher’s role more integral to the process and the understandings that emerged.
While this has occurred to some degree with previous material speculative inquiries, I would
like to make this possibility more explicit as demonstrated through Greenscreen Dress.
This brings up questions for what is Phem? and what does this mean for Phem? As I see it,
Phem is a continuation of Greenscreen Dress, where I took the dynamic fabric generated and
continued to work with it with a new lens, moving from “wearer” to “fashion designer”. Phem
is the material speculation continued. So, what does it mean for material speculation to include
an ongoing practise within an autobiographical speculative inquiry? I do not have an answer
to this yet, but I wonder if I was to continue with Phem in my design practise whether it would
still hover in this counterfactual space or whether it would simply be a fashion brand.
For the remainder of this chapter I will pick up some threads mentioned here and offer some
resources for researchers interested in taking a similar approach to this doctoral research, that
mainly combine strategies from RtD, autobiographical design and material speculation in order to critically analyse new or speculative technologies.
9.3.2 Using oneself as a research instrument
9.3.2.1 Resources for first-person research in HCI
There are several resources available to researchers looking to understand more about the
benefits and pitfalls of using oneself so intimately and personally in design-oriented HCI research (e.g. Höök et al., 2018; Lucero, 2018; Lucero et al., 2019; Smeenk et al., 2016) in particular, borrowing strategies from autobiographical design (Neustaedter & Sengers, 2012) and
autoethnography (Cunningham & Jones, 2005; Ellis et al., 2010) and subsequently an analysis
of some of the tensions that can arise in autobiographical design research in HCI by Desjardins & Ball (2018). These resources can help with some of the limitations and challenges of
taking first-person perspectives in design research; for example, situating knowledge that is
not generalisable in research discourse, evaluating the role of close, intimate others in the
research, or managing the blurriness between research and personal life (Desjardins & Ball,
2018). Neustaedter and Sengers (2012) explain that to evaluate knowledge contributions from
autobiographical design, both researchers and reviewers must be aware of “the unique hallmarks of quality of autobiographical design research” including:
an extensive period of genuine, intensive use, measured in months or years; surprises
in usage that lead researchers to rethink or further develop initial design conceptions;
improvements to design driven by specific, documented incidents of use; and careful
articulation of the impact of design decisions on experiential qualities of the system in
use. (p. 522)
Moreover, Andrés Lucero (2018) distinguishes between three modes of autoethnographic research currently playing out in HCI, including autobiographical design, but also traditional
autoethnographies and autoethnographic approaches. In his autoethnographic examination of
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living without a mobile phone, he judges the validity of his research according to seven criteria
synthesised from the work of Duncan (2004), Ellis et al. (2010), and Schultze (2000). These
criteria include providing the study boundaries (describing the context of the work), authenticity (providing a study protocol so that someone else could follow the researcher’s procedures),
self-revealing writing (including unflattering details about the autoethnographer), and generalizability (the reader’s ability to feel the story speaks to them about their own life or that of
others they know).
Several embodied design methods in HCI (e.g. Hansen & Kozel, 2007; Höök et al., 2018;
Hummels et al., 2007; Tomico & Wilde, 2016; Wilde et al., 2011, 2017) also offer strategies to
support first-person speculative inquiries. On the one hand, embodied design methods function to help us perceive the things around us differently and with more sensitively—to help
shift our thinking to different modalities from the ones we are accustomed to. On the other
hand, an important concern of this area is exploring how to translate tacit experiences into
tangible, actionable knowledge that could be beneficial for other design researchers.
9.3.2.2 Communicating first-person experiences to others
The question of how to convey tacit experiences is an ongoing discussion in first-person perspective-based research. Desjardins & Ball (2018) also discuss the role of the authorial voice
in autobiographical design, or the questions that emerge when a researcher must write about
their experiences (e.g. how does one frame their observations? and does that framing prevent
or accentuate the authenticity of the account?). Furthermore, what formats outside of writing
can help researchers convey their personal experiences more viscerally so that others can be
drawn into their journey and revelations?
One of my motivations for making the fashion film for Phem was to express the dynamic
fabric, as I understood it, in a way that appeared more separate from me personally for others
to experience. I experimented with other ways of documenting the work outside the predominant paper-writing format throughout this research, such as a performing a vignette of Greenscreen Dress at a conference workshop (see Appendix A) and filming an interview with myself
in the role of “fashion designer” after making Phem, but deliberately before analysing the experience as “researcher” (see Appendix B). In terms of sincerity and authenticity, elements that
autoethnographies and autobiographical accounts are scrutinised for (see Desjardins & Ball,
2018; Lucero, 2018; Wa-Mbaleka, 2020), I paid close attention to the timing of this interview
so as to not “taint” my description of my inspirations for Phem with research insights. My Instagram account, instagram/angellamackey, also exists as a living record of my experiences with
Greenscreen Dress and some of the material explorations, processes and output of the Phem
process. What other formats—performative, narrative-based, immersive, visual or tactile—can
be used by researchers to relay first-person accounts?
Further to this, formulating the research as theoretical propositions was a final step in making the acquired knowledge more tangible for other researchers to consider and work with.
Together the propositions act as intermediate knowledge alternating between theory and practise—on the one hand, provoking a discussion on what dynamic fabric is and what constitutes wearability in wearables discourse, and on the other hand providing seeds to inspire
new design directions for wearables practitioners. Design researchers engaging in longitudinal
first-person explorations could consider this step—an additional high-level reflection on their
research journey—to help express a changed understanding or attitude over time. Moreover,
this step worked to further depersonalise knowledge that had been gained from a very personal
space, capturing broad strokes that others might connect with or recognise elsewhere.
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9.3.3 Living with a technology that does not yet “exist”
Finally, one of the most challenging but practical things to achieve for this kind of material
speculation inquiry is to find a way for one to experience the speculative technology without
actually having it or building it in full—shifting the notion of carefully crafting an artefact or
prototype more fundamentally to the process of living with an idea of it. The researcher must
set up a situation to experience some part or some quality of the technology or concept with
only the tools and materials available to them. This can be a make-or-break situation in the
research as continuously fiddling with or fixing the technology could disrupt its ability to meld
into everyday life, or simply siderail the research by taking up too much time. This phenomenon is described by Neustaedter and Sengers (2012) with regards to autobiographical design
stating that the exploration can only take place “if there are no technical hurdles to creating
the system, such as dealing with infrastructure” (p. 517). They offer an example of network
connectivity problems that continually failed throughout a project rendering it too “painful” to
continue. Indeed, at the beginning of this research I intuitively knew that producing a dynamic
fabric from scratch, one I could wear daily, might take up the entirety of my PhD research.
Finding the chroma-key app and green fabric, which worked almost effortlessly, allowed me
to concentrate on the inquiry at hand—an examination of the experience of surface-changing
clothing. To be quite frank, I was lucky to have found it. In general, the motivations, resourcefulness and creativity of the researcher will outweigh any advice I can further give here on how
to go about experiencing a technology that does not exist.
Still, many helpful methods are listed above, those used in speculative design and other kinds
of speculative inquiries (e.g. Auger, 2013; Elsden, Chatting, et al., 2017; Wakkary et al., 2015).
Additionally, borrowing strategies from embodied design methods can be helpful (also mentioned above), or taking classic interaction design approaches from the late 1990s and early
2000s such as experience prototyping (Buchenau & Suri, 2000) or using wizard-of-oz techniques. Initial explorations might not land on the best-suited direction, but could help lead
to it. For example, if one is interested in kinetic energy-harvesting clothing and accessories, a
researcher or designer could start with wearing a pedometer that counts steps alongside using
a feasible formula for how many steps would allow them to charge their phone. Or, to offer an
example that is not wearables-based, a researcher exploring ubiquitous AI technologies might
enlist a friend or colleague to act as an AI through instructive messages on their phone, or
begin mapping out where algorithms already exist in their city in order to start making their
invisible existence more “seen” and felt. A researcher interested in the future, dystopic possibility of technologies ceasing to further develop might begin enacting this reality in their own
life by ceasing to upgrade their electronics, preserve their devices more preciously, and find
ways to adapt their daily lifestyle to a technology stasis. For so many emerging technologies or
future scenarios there is usually some part of the experience that can be explored or iterated
on in the researcher’s present, daily life in order to instigate some new or productive understandings of it.
As part of the next steps of this research, I am interested in exploring how this mix of approaches can be harnessed more practically by design practitioners or researchers in their processes,
by taking a first-person approach that is less demanding than the time-consuming approach I
took with Greenscreen Dress. I have been exploring this with researchers Oscar Tomico and
Kristina Andersen in the context of week-long seminars with students from the Master in Design for Emergent Futures (MDEF) programme at ELISAVA in Barcelona from 2018 until now.
Here in this seminar, called Living with your own ideas, we have explored a variety of ways
designers can ask questions through making “Magic Machines” (Andersen, 2013; Andersen &
Wakkary, 2019), and living with magic-machine-like objects or “what-if” speculative artefacts.
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We have engaged students further in exercises that require them to drastically alter one aspect
of their daily life so as to quickly constellate experiences of a future-based concept (e.g. not
touching anything plastic for 24-hours to reveal the complex ways we are intertwined with
it, or wearing a houseplant to explore the emotive dimensions of having bio-based materials
in daily life). Outcomes of these seminars have been positive so far, with feedback from design students indicating this approach has helped them find focus in topics that have seemed
so large, how quickly it changed their perceptions of the world around them, how quickly it
brought up concerns that had not been considered, and how empowering it felt to tackle their
research topic in explicitly personal ways.
To conclude, combining strategies from research through design, autobiographical design and
material speculation has acted as a way for me to interrogate a future-based technology in a
highly experiential and personal way, and to generate new understandings of it. This approach
exists alongside a growing body of critical, design-oriented HCI research approaches that
strive to seek new understandings of emerging technologies and the everyday practises that
might surround them. In this exploration of dynamic fabric, I was looking to gain an intimate
understanding of a wearer’s and designer’s experience that I had not yet seen articulated. For
other researchers it might be the perspective of just the wearer/user they seek, just the designer,
or some other non-human entity. No matter, this approach can be a useful way to work through
more reflexive and critical understandings of technologies than have been previously articulated in an HCI context.

9.4 Summary
In this chapter, I have elaborated on the contributions and implications of this research. Firstly,
I described the three propositions of dynamic fabric and elaborate on how these new understandings can be used in practise, particularly Propositions 2 and 3. Next, I discussed the implications of accepting these propositions in research and practice. These implications include
challenging the notion of wearability in wearables by being inclusive of AR and other modes of
wearing digital materials in a fashion context; seeing digital materials as inextricably part of social ecosystems when working with them; re-evaluating notions of control and design intentions
when working with digital materials; and learning to work with temporal and relational forms
for dynamic fabric. I end the section on dynamic fabric with a note about the sustainability
aspects of digital materials.
In the second half of the chapter I elaborate on the methodological contributions of this work
by articulating something new for material speculation, proposing that (1) the counterfactual
element can be a matter of process, and does not necessarily require the careful crafting of an
artefact at the beginning of the inquiry, and that (2) explicitly borrowing strategies from autobiographical design to create an artefact can be an additional way of engaging in a material
speculation inquiry. These suggestions are followed by helpful resources for designers and researchers who wish to engage in first-person speculative inquires, a brief discussion on how
one can communicate the personal knowledge gained, and a summarisation of how one might
start the process of living with a technology that does not yet exist.
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Conclusion

10.1 Summary of dissertation text
In Chapter 1 of this dissertation, I described my personal background and motivation for
this research. With a background in new media art, wearables, and fashion, my skills and
experi-ences led me to investigate new ways of approaching wearables design. By deliberately
putting technological concerns aside, I wanted to examine designing for wearables from the
perspec-tive of wearing them in daily life, and what it means to conduct a fashion design
process with digital technologies at the centre of the fashion expression. This chapter also
introduced the concept of dynamic fabric, which acts as the wearable technology that I chose
to specifically focus my research on.
In Chapter 2 I provided a summary of related literature and design exemplars in the area of
dynamic, colour-changing fabrics that have informed and inspired this research. It presented
dynamic fabric as a richly explored area in the context of HCI, wearables and smart-textiles
discourse, and identified a lack of knowledge of how dynamic fabrics might be experienced
in everyday life. This chapter also provided a summary of the terminologies used in literature
to describe textiles and other flexible materials that can change colour dynamically, such
as animated textiles and dynamic display fabrics.
In Chapter 3, I outlined the methodological foundations of this research, situating activities
in the context of research through design, taking a first-person perspective in design research,
and using strategies from speculative design in HCI discourse. The combination of these approaches collectively describes the overall approach of this dissertation, having been applied
specifically to an examination of dynamic fabric.
Chapter 4 presented the first published paper in this research, “’Can I Wear This?’
Blending Clothing and Digital Expression by Wearing Dynamic Fabric”, that initiates the
inquiry into dynamic fabric. It argued that to understand dynamic fabric as part of a
garment, I must first understand what it is like to wear it. It introduces the Greenscreen
Dress case study as a way to approximate a wearing experience of dynamic fabric by
using green-coloured garments and a chroma-key app. An autoethnographic study of
wearing this greenscreen system over seven months is documented in this paper, and a
reflective analysis explains how my thoughts and behaviour changed in comparison to
wearing traditional, “non-dynamic” clothing.
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Chapter 5 presented the second paper, titled “Day-to-Day Speculation: Designing and Wearing Dynamic Fabric”, that compares the autoethnographic accounts from Greenscreen Dress
to several postulations made about dynamic colour-changing fabrics from literature or design
examples. This chapter also unpacks the methodological approach taken in the Greenscreen
Dress study in the context of research through design and speculative design. It describes the
Greenscreen Dress study as a material speculation inquiry that, differently from similar speculative design approaches, situates speculative artefacts in the context of everyday life in order
to empirically examine them.
The second case study, Phem, was introduced in Chapter 6 through the third paper “Wearing Digital Shimmers: A fashion-centric approach to wearable technology”. It describes that,
differently from Greenscreen Dress, Phem seeks to understand dynamic fabric from the perspective of a fashion design process. Moreover, it argues that a fashion perspective is lacking in
typical wearables-based research and design contexts, and suggests that using strategies from
fashion design can help designers see and work with technology more expressively. This chapter unpacks the design process for Phem, and identifies the ways that I was able to balance
fashion-related concerns with the uniquely digital aspects of the dynamic fabric.
Chapter 7 presented the fourth paper, “Satisfying a Conversation with Materials for Dynamic Fabric” that dives deeply into the designer–material relationship between myself and the
dynamic fabric throughout Phem. The paper suggests that, from the perspective of fashion
design, working with digital materials and tools can be frustrating for designers accustomed
to working with physical fabrics. It relates this frustration to writings by philosopher Donald
Schön and social anthropologist Tim Ingold, who both describe designers and crafts practitioners working with materials in a conversational manner. The paper uses this lens to articulate the ways that I personally overcame difficulties working with the non-physical aspects of
the dynamic fabric, while still feeling creatively and bodily engaged.
Chapter 8 presented the final paper “Alternative Presents for Dynamic Fabric” which holds
the main contribution of this dissertation: the three propositions of dynamic fabric. In this
paper I explain how I arrived at these propositions by tracking my changed understanding of
what dynamic fabric is before, during and after the two case studies. Additionally, this chapter
described how combining autobiographical design with RtD, and orienting them speculatively,
can generate intermediate knowledge on an emerging technology, with particular emphasis on
social-technical aspects.
Chapter 9 elaborated on the contributions of this research. It discusses how the three propositions
of dynamic fabric can be used by design practitioners working in HCI and wearables, as well as
implications for accepting these propositions in wearable discourse. This chapter also re-positions
the methodological contributions of the overall research. It does so by examining and extending
the role of the artefact and the role of autobiographical design in material speculation.
The next section will summarise the main findings of this research.

10.2 Summary of findings
This dissertation began with the assertion that, since the 1990s, the wearables field has been
predominantly concerned with technical developments, but has been gradually opening up to
new perspectives that incorporate concerns from fashion and other designerly engagements
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with materials within HCI discourse. This research aims to be part of this opening up by
focusing on exploring the experience of wearing a technology in daily life. To this end, I have
presented a reflexive account of working with a particular kind of wearable technology—dynamic fabric—a technology widely explored in wearables and smart-textiles disciplines. In the
context of everyday fashion, this research asks both What is it like to wear dynamic fabric? and
What is it like to design garments with dynamic fabric?
Through the two case studies that spanned three years, Greenscreen Dress and Phem, I wore and
worked with a dynamic fabric that can be technically described as a live, wearable greenscreen.
I engaged in a research through design approach that used strategies from material speculation
and autobiographical design to generate the dynamic fabric being worked with and to capture
and analyse these experiences. These case studies offer several insights into the potential implications of dynamic fabric on everyday dress and fashion design processes, different from
traditional “non-dynamic” fabrics. Moreover, it describes a major shift in my understanding of
dynamic fabric, leading me to ask the larger question of this research, which is What is dynamic
fabric? It then maps my changed understanding of dynamic fabric before, during and after the
case studies in order to capture this knowledge in a tangible way for other researchers.
This changed understanding has been articulated as three propositions of dynamic fabric, acting as the main contribution of this research. These propositions are:
Proposition 1
Dynamic fabric is a clothing-grade textile or textile-like material that can change
colour and/or pattern using embedded electronics. It can dynamically display and
change imagery like a computer screen in response to situated input from a body, the
surroundings, and/or other kinds of remote data.

Proposition 2
Dynamic fabric is a social-technical system of textiles that interacts with augmented reality
and other digital media to change the surface colour and/or pattern of the textiles involved.

Proposition 3
Dynamic fabric is a material state that blends physical textiles with uniquely digital
phenomena. This state occurs conditionally and temporarily and extends to both digital
media and situated contexts.

Finally, this dissertation offers a methodological contribution to design-oriented HCI. To summarise: by combining strategies from research through design, autobiographical design and
material speculation, a speculative inquiry can cross a border from being something possible
or fictional to something real and palpable for the researcher. Strategies from this approach
can be used by other researchers in HCI engaging in speculative inquires for wearables, and
other emerging technologies beyond wearables. Moreover, this approach proposes something
new for material speculation, examining and extending the role of the artefact and the role of
autobiographical design for speculative inquiries.
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10.3 Concluding remarks
At the time of defending this work, I will have been engaging with this material for almost six
years. Presented here is a detailed examination of the methods I used, the subjects I studied,
and carefully crafted articulations of the knowledge I gained. What has kept me motivated
throughout this time (aside from receiving my doctorate degree) has been more than the fine
details of this work, but a conviction to several values that drove the work, and that I hope have
been demonstrated through the work.
The personal is relevant in HCI research. It is more than anecdotal, and can be a source of
valuable information for researchers and designers. Like other kinds of lenses, the first-person
perspective has a time and place, and when the situation is right it can provide surprising,
unique and valuable information for design.
Fashion can play a meaningful role in both the design and analysis of wearable technologies,
beyond simply being a matter of decoration. It has knowledge about who we are with each
other, who we are with ourselves, and it mediates some of our most meaningful experiences.
Fashion processes, techniques, values and concerns are invaluable resources for wearables researchers and designers.
And finally, the present moment has so much to offer ideas about the future. I started this
research steering directly towards the future, only to be brought back to the richness and complexity of the lived, everyday moment. I think there is so much already here for designers to
work with and to imagine with.
It is my sincere hope that the work presented in this dissertation will provide inspiration
to other designers and researchers exploring other kinds of technologies—wearable or not,
speculative or real; tangible or intangible, or both; that they visit the future, or the present, and
bring a piece back with them and share it with us today.
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Appendices
Appendix A
Greenscreen Dress Vignette
Below is the text I pre-scripted for a vignette of Greenscreen Dress that I performed at a
workshop called A sample of One: First-Person research Methods in HCI on June 24th,
2019 at the DIS2019 conference in San Diego. It describes some of the ways my perceptions changed for some very ordinary things through the Greenscreen Dress study:
the colour green, videos, and screens. It is written in a conversational manner, accompanied by pictures of the artefacts I brought and showed to the audience. The performance was deliberately ambiguous in the beginning about the context of the described
experiences in order to bring focus onto the experience and not an analysis of it or
discussion of methodology.
Green
The green that I’m wearing in this dress (Figure A.1) I once described as “golf course
green”, or “shamrock green”. But now, it is an active green to me—alive, always in limbo or
in a state of transition. What I see now is a malleable surface; a green pigment and texture
that I can collaborate with somehow.
The first time I wrote green as a chroma-key greenscreen was with this plain, knee-length,
jersey dress. It was literally a body-length wearable greenscreen. In the beginning, when I
wore it, it felt exciting to have this trick. I could transform my dress into a wearable video
like a super power.
After weeks of wearing it though, I was tired of the sameness of this one green dress. I
wanted to find something else—green—to wear. So I went shopping, and this was a very
odd experience. Visiting shops that I had been to many times, they now felt different.
Greens were popping out at me. All the other colours seemed dulled and sleepy. But the
green was vibrant.
Months later, I had a whole new green wardrobe with garments that each worked differently as greenscreens. I found that different hues of green and differently textured fabrics
translated the videos I wore in unexpected way.
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Figure A.1.

Figure A.2.

Figure A.3.

Figure A.4

For example, this sheer, mint green top held a faint layer of the videos while still remaining sheer (Figure A.2).
I have a red-and-green flowered dress and also a dress with multi-coloured polka-dots
(Figure A.3), that held the videos in the green leaves and green polka-dots in different
ways. When I wore videos with lots of contrast and movement in them, the leaves and
polka-dots appeared to sparkle across the dress.
This dark evergreen-coloured dress (Figure A.4) also faintly held the videos, but with a
“static” effect, as if it were also a bit grainy.
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Videos
In the beginning, I mostly wore videos that were graphical and simple, and also videos
of things I captured around me—like a grid of LED lights, rain pattering on a window,
clouds in the sky, or fish swimming in a fish tank. But because I now saw green differently, everywhere I went I saw green also as a canvas to mix and make more videos with
different kinds of textiles.
For example, there was one day that I was eating breakfast at a hotel that I noticed the
placemat I was eating on was made of large woven strips of green-stained bamboo. I recorded a video of the placemat with my phone, scanning the surface of it. Then I took that
video, and composited it into the green hues of the placement itself, which created these
strangely-textured video artefacts. I did this over and over again until I had created videos
that were very abstracted from the original placement. Then I wore the video on the green
garment I was wearing that day.
I created these kinds of video a lot, especially when outside in nature. I remember one day
on my lunch break that I spent a long time lingering around a patch of tall pond grass next
to a boardwalk. I captured videos of the grass and composited those videos into the grass
over and over. The result, again, was some distorted abstraction of the original grass, and
I would wear it later on.
And because I made the videos in this way, I always maintained an embodied memory of
them, attaching, for example, this memory of my morning at a hotel in Berlin or my lunch
break walk, to these videos—which is information unseen by others when viewing them.
Also, I became more attached to certain videos over others, which, at this point might be
more accurate to call “patterns” of “motifs” because I wore them on my clothes. Despite
the hundreds of patterns I had collected and made, only a few were my go-to ones that I
wore over and over. Something about those patterns which had a particular speed, colour,
rhythm or composition, kept bringing me back to them. I liked the ways some of them
had a way of blurring the distinct boundaries between video and fabric‚ green and not
green, or even real and not real.
I wore them so often that I knew every detail and imperfection. The only thing I can
compare this to is same way we can feel an intimacy with fabrics in our everyday life like
T-shirts, bed sheets or cushions. This is the kind of relationship I had with some of my
patterns. It was a kind of intimate knowing of them, not only because I wore them and
because they were part of my wardrobe, but also because they were patterns I had made
myself with a certain kind of care and crafting.
Screens
The idea of a computer screen also took on new meaning for me. Probably because I spent
so much time reading and writing in front of one, I started filming textures and artefacts I
found on the screen itself. I would scan the surface to get shimmering effects (Figure A.5).
Depending on how close or far away I was I would get different kinds of shimmers and
different kinds of sparkles or moiré effects.
Somewhere between this activity of mixing and making different patterns from the surface of my computer screen, and then wearing them on my garments, I now started seeing
the computer screen as a material, one that I could work with and form into a garment...
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not exactly like a regular textile or fabric, but still some
kind of patterned, textured fabric that became part of my
clothing. I could switch in and out of this mode for using the computer—between it being a typing and reading tool, and then a fabric. I thought about the television
screen from my childhood, how it had this fuzz-static feeling hovering above it when I touched it’s curved surface.
I wondered what kind of great artefacts I could get from
filming one of those. Without access to one, I looked up
videos of “TV static” on the internet. Of course it wasn’t
the same, so I’ll have to wait until I encounter one and try
on a TV screen material to see how it feels.
So, to conclude, the colour green, videos and computer
screens have changed for me.
My original question that I was asking at the beginning of
Greenscreen Dress for What would it be like to wear dynamic fabric? turned into a whole other inquiry for What
do I think fabric is now?

Appendix B
Phem Designer Interview
Below is a transcribed interview with me from May 2018
speaking in the role of “designer” for Phem. This interview was conducted by Rachel Rietdijk, and recorded two
months after shooting and editing the Phem fashion film.
This was deliberately before I had engaged in reflective
analysis on the work from a research perspective. Instead,
in this interview I am talking to a general audience (not
HCI or wearables researchers) by describing some of
my inspirations and curiosities I was following in making Phem. In this way, it is documentation of my genuine
voice as a fashion designer, before gaining new perspectives from the context of design research on digital materials.
Below is the transcribed text for this interview that can be
viewed here: https://vimeo.com/312751906
Interview Transcription:
Q: What is Phem?

Figure A.5. Examples of artefacts
captured from my computer screen
(screenshots). See shimmering

A: Phem is a fashion-brand concept for clothing that uses
dynamic or digital fabric. And, what I mean by that is,
fabric that can change colour or imagery just like a computer screen can.

effects in motion here:
https://vimeo.com/312707889
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One of my goals as a designer was to have this clothing

appear feminine. Of course, that is a bit of a design challenge, because, when you think
of, say, a computer screen or technology—feminine isn’t the first thing that pops into your
mind.
Even though the word “Phem” sounds like it comes from the word feminine, which I do
like, it’s actually coming from the word ephemeral. And what an ephemeral experience is,
is something that’s not lasting; something that you have to experience in the moment. So,
it’s like theater—we experience that in the moment. Or, it’s like noticing a baby notice her
hands for the first time. I’ve always been fascinated with these serendipitous ephemeral
moments where something really ordinary transforms into something beautiful.
For these garments, I was really trying to achieve a natural kind of beauty of things,
together with the digital aspect of the clothes. And, when it comes to digital imagery, or
digital stuff, there’s usually this emptiness associated with it...that it’s not actually real. But,
one of the things I was exploring was how can we make sense of “the digital”, within our
daily lives, or, just outside of the computer screen?
So, the day of the shoot, we spent a lot time just chasing sunlight around the rooms, and
we would rush through a scene because we didn’t want to miss how the sunlight hit the
ground.
The house itself that we shot in, and the shoes that we styled with and all the props that
we used, were really old and worn slightly. I feel like they came with their own history
and aura, and it makes me wonder can the digital stuff of these fabrics possess that kind
of, of fondness?
There is a history attached to the digital visualisations that I chose to embed inside these
garments. So, they’re layers upon layers of computer screen glitches, and these rainbow
TV static, and video screen moirés. They all possess this kind of beautiful shimmer. And
I really felt that that shimmer made or really helped that feminine aspect I was going for.
I put these shimmers into the fabric, but also designed them physically into the garments
themselves. So, using prints and these embellishments, they also possessed this kind of
digital aspect.
So, in so many ways, I don’t think there’s anything new here in this film. But what’s different is how we’ve displaced this technological aspect and put them into garments, and that
we’re trying to make fashion-sense of them today.
And for me, that sense, comes from putting them into these unplanned, unprogrammed,
unstable spaces. And I think that’s where we find the human part, which is, this, maybe
this imperfect part. And I think I’ve always known that when you’re trying to express
through technology, there has to be this kind of imperfect aspect for the human part to
exist.
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Summary
If your clothing could change colour or display video, what might that be like? Would it
be too distracting to others to have changing patterns move across your shirt? Or could
it be become “fashionable” if styled in just the right way? While today it might seem
surprising to see garments that integrate technology in explicit ways that display moving
images, detect air pollution, or charge your phone, these kinds of smart garments or
“wearable technologies” have been capturing the intrigue of designers, artists, writers,
researchers and technologists for more than a century.
Excitement for these specialised garments largely comes from the “superhuman” abilities
that smart, responsive fashion items might bring us in daily life. Wearing technology
could be a way to enhance our senses, to interact with our digital devices in more intuitive, sensual ways beyond screens and keyboards. But as technological developments
have been growing exponentially in this area, so too has the complexity of reaching
these goals. There are major manufacturing challenges that make it difficult for smart
garments to transition to consumer products, as well as socio-cultural complexities that
need to be considered before integrating technology into mainstream fashion items
(Berglin, 2013; L. Dunne, 2010; L. E. Dunne et al., 2014; Ryan, 2014). Indeed, wearing
technology has the potential to bring digital experiences to new levels of intimate, material and social relations with our bodies, which calls for more critical investigations into
what it actually means to wear technology on our bodies in daily life.
Towards this, this dissertation attempts to ground an understanding of dynamic fabric
in empirical, autoethnographic investigations, looking at what it is like to wear a dynamic, colour-changing fabric in everyday life, and what it is like for a fashion designer
to design with it. What happens when it is worn? How is dynamic fabric different from
”non-dynamic” fabrics? In order to move past presumptions about what it could be like,
the research activities described in this dissertation focus on what it was like for me,
using myself as a research tool; examining my own experiences of dynamic fabric over a
long period of time in order to intimately understand it as (1) a garment in my wardrobe, and (2) as a fabric I adopt into my fashion design practise. By providing these two
lenses, the research aims to shift preoccupations of dynamic, colour-changing fabrics
away from far-reaching, futuristic ideas about their use or the embedded technologies
that enable them, towards a larger system of practical and emotional concerns for a
wearer and designer. Furthermore, it shifts the focus away from technical developments,
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towards designerly ways of engaging digital materials as fashion materials, which would
otherwise remain unarticulated in a tacit design process.
The contributions of this dissertation are twofold. First, it offers theoretical contributions to the literature on dynamic fabric for wearables discourse, expanding understandings of it beyond current mental models. These theoretical contributions take the form
of progressively refined propositions of dynamic fabric reflecting my own changed understanding of it over a three-year period. To summarise, dynamic fabric is first understood as (1) a colour-changing textile embedded with electronics at the beginning of this
research. Next, after reflective analysis on two case studies it is seen as (2) a social-technical system interacting with digital media, and later as (3) a temporary material state
that blends physical textiles with digital phenomena. These three ways of understanding
dynamic fabric demonstrate a major shift in the conceptualisation of dynamic fabric in
this research from beginning to end, and have implications in the way it is designed for
and the way wearables discourse interpret the notion of wearability more broadly.
Secondarily, this dissertation makes a methodological contribution to design-oriented
HCI. It demonstrates how combining research through design (RtD) with strategies
from material speculation and autobiographical design brought a future-based version of
dynamic fabric into the present for examination. It brings new perspectives to material
speculation by questioning the role of the artefact in speculative inquiries, and highlighting the role that autobiographical design can play more explicitly. This approach
is demonstrated through two case studies and can be modified by other researchers
exploring new and emerging technologies in their own practise.
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