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ABSTRACT

Ubiquitous Augmented Fashion explores the potential so-
cietal implications of integrating Augmented Reality into
society, in order to determine desirable and less desirable
future outcomes.

We investigate the experience of designing and wearing
augmented fashion through autoethnographic research,
while creating a design fiction to speculate about a sce-
nario in which AR has become ubiquitous and a fully func-
tional metaverse has become part of the everyday scene.
Our experiences from this exploration allowed us to fur-
ther develop our fictional future, with designed outfits
functioning as diegetic prototypes. We used this scenario
to organize several discussion sessions with people from
all walks of life in order to gain a wide range of insights.
The data collected from these sessions were analysed to
gain insights into the creation of this new metaverse.
Based on our findings, a framework was created as a foun-
dation for further research addressing augmented fashion
in the future.
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1. INTRODUCTION

Current technological developments in the field of Aug-
mented Reality (AR) have transformed technology into
being used in social environments, but what impact do
these developments have on the fashion industry? What
will fashion look like if people are able to wear items that
have AR features implemented? Will they become more
eccentric with their styles or will they stay undifferenti-
ated? Is it possible that this new technology will be used
for undesirable or even offensive intentions? These are all
questions that arise when one imagines a future context
in which AR-Head-Mounted Displays (HMD) have become
ubiquitous and a fully functional metaverse has been cre-
ated.

Fashion has always been one of the most innovative and
fastest-growing industries. The Ellen McArthur Founda-
tion even stated that clothing production has nearly dou-
bled in the last 15 years, mainly due to the “fast fashion”
phenomenon [11]. The idea behind “fast fashion” is to get
new styles and fits on the market as rapidly as possible.
This way, people can buy them while they’re still hot and
trendy. The downside is that as a result of this process of
continuously releasing new trends, people keep buying
new outfits only to discard them after a few wears, solely
because a new collection has been released. A lot more
clothing is being produced and almost all new outfits are



just being thrown away [16]. This phenomenon has led to
the fashion industry creating a lot of waste, and thus being
very unsustainable. But what if the rise and development
of a new technology could not only change this but also
create a whole new fashion field?

Augmented Reality, also known as AR, is a technology that
allows digital information to be displayed on objects or
places in the real world for the purpose of enhancing the
user experience [5]. Since AR overlays this digital infor-
mation in the real world, it, therefore, separates itself
from VR, virtual reality, which creates a completely digital
environment. Applying AR technology to the fashion in-
dustry allows for the continuation of fast fashion, yet this
time without the massive amounts of waste. Augmented
fashion will allow the customer to simply buy and replace
clothing only when absolutely necessary, but still, keep up
with the latest trends by replacing the digital overlay.

.

AERN

Fashion also plays a big role as a communication tool.
How we dress and express ourselves influences how

others see us, yet also reflects how we see ourselves. AR
would allow us to express ourselves in ways not possible
in the physical world since physical limitations don’t ap-
ply that much in the augmented world. Especially because
of the social role of fashion, it is important to speculate
about the impact that this technology can have in the fu-
ture, both positive and negative [21].

The main goal was to explore and start discussions about
the impact that augmented fashion can have on our soci-
ety, on how we dress and express ourselves when sud-
denly a whole world of possibilities opens up to you. We
used design fiction, a design research approach based
mainly on exploring potential future scenarios, in order to
create a scenario that functions as a basis for auto-ethno-
graphic research. This research technique enabled us to
experience what it is like to design and wear augmented
fashion. With the insights from autoethnographic re-
search, we further developed our scenario and used it as
a starting point for several discussion sessions.

In this paper, we discuss related work, with a focus on his-
tory and relevant topics in terms of research. We describe
our experiences from auto-ethnographic research and
discuss our design fiction process and discussion sessions
based on our scenario, reflect on our methods and the lim-
itations they have brought with them, and conclude by
summarizing our findings.

2. RELATED WORKS

This paper engages into the world of Augmented Fashion,
anew frontier in the field of digital clothing. This concept
of wearing clothes that people can’t see in the physical
world dates all the way back to Hans Christian Anderson’s
story of two weavers pretending to make a new suit for
the emperor, convincing him that only those who were fit
for their role could see it [2]. Not only did “The Emperor’s
New Clothes” initiate a whole new perspective to the field
of clothing, but the short story also explains how this type
of non-physical clothing can result in self-deception.
Starting from the '80s, people like Harry Wainwright be-
gan designing basic controllable fashion, for example by
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integrating fibre-optics and microprocessors into a
sweatshirt to display and control visuals [15].

In the next two decades, the fashion industry’s technolog-
ical explorations expanded significantly; conductive fab-
rics, LEDs, and special forms of ink were all added to the
field of soft materials [29]. A good example of this devel-
opment is Valerie Lamontagne’s clothing line of glowing,
interactive, colour-changing dresses, responding to real-
time weather conditions[39]. Another example of a simi-
lar project, is a chemically treated dress designed by The
Unseen’s designers. They used chemistry to create a dress
that changes colour with the climate [1]. Other experi-
ments, such as Angela Mackey’s experiment, are more
concerned with investigating potential scenarios by put-
ting them into practice in today’s world. Angela Mackey’s
experiment, which has been a great inspiration for us, fo-
cuses on wearing dynamic fabric with digital display ca-
pabilities. She observed this through an autoethnographic
approach by wearing green every day for a longer period
of time by using chroma-key technology to apply a digital
overlay to the clothing, and keeping track of her experi-
ences [21]. This experiment also inspired us to focus on
an autoethnographic approach for our initial research. A
few small start-ups took it a step further and attempted
digitally controlled designing of visuals on physical soft
materials through e-ink; however, this was never a huge
success, and most of the projects were abandoned. [36].

Within the last decade, in tandem with the rapidly grow-
ing technological possibilities, the fashion industry has
begun to place a greater emphasis on digital fashion. Ap-
plying Augmented reality into the world of fashion is a
fairly new and currently ongoing process, and while the
current technology only allows us to go so far, the possi-
bilities for the future are endless [13]. To imagine what an
augmented reality inspired future would look like, and to
be able to look at it from a design perspective [10], a cou-
ple of speculative design short films have been made.
“HYPER-REALITY” [23] is a great example of a concept
film that depicts a perplexing and kaleidoscopic vision of
a future in which the physical and virtual worlds have



unified. These short films, just like the Black Mirror tele-
vision series, were a great inspiration for our own design
fiction.

This design research approach is mainly based around ex-
ploring an (often in the future) story world, a scenario in
which a concept is prototyped within that story world.
This scenario’s main purpose is to give people a stepping
stone to start speculating about a possible future with the
realized concept and the implications that would bring
along. Diegetic prototypes are used to make the scenario
more tangible. They are designed in such a way that they
allow your scenario to be clearly explained, while at the
same time leaving enough space for other people’s crea-
tivity to fill in the blanks. They are also known as “arte-
facts from someplace else, telling stories about other
worlds” [19][20]. Design fiction is a part of the speculative
design discipline and aims to generate and foster discus-
sions. Using this method allows us to start debating the
topic of augmented fashion and all of its implications be-
fore the actual technology gets available.

Fashion brands and shops are implementing AR “Magic
mirror” technology to give customers instant access to the
complete catalogue and allow them to virtually try on all
kinds of styles from an assortment of retailers. While this
is still a long way from everyday digital fashion, it gives a
good impression of how the outfit will look on the cus-
tomer [12][18][35]. Providing an accurate representation
of an outfit on the body before a purchase reduces con-
sumer uncertainty, resulting in lower return rates, as well
as strengthening the effectiveness of online retailing. That
said, returns continue to account for about half of all
online purchases, as online platforms struggle to resolve
inherent challenges such as a lack of tactility in clothing
selection [36]. Even without modifying their product of-
ferings, brands can profit from digital fashion. A large
company like Puma can form a relationship with a special-
ist firm like The Fabricant. In this example, Puma created
digital evidence of a concept that significantly reduced the
need for sampling, handling, travel, and other logistics.
PUMA decreased their water consumption by up to 17.4

percent for their new collection, simply by adapting their
product innovation process based on their collaboration
with The Fabricant. In addition, PUMA cut their time to
market and costs by 30% [4]. Not just stores and brands,
events such as fashion shows and catwalks are also
switching interests towards digital events. This is partly
due to the whole COVID situation, but other factors such
as rising financial and environmental costs also play a sig-
nificant role. In comparison to traditional fashion events,
virtual shows and augmented reality experiences are
evolving as an innovative and more open alternative.

The topic of sustainability has become a major focus field
in recent years, and the pressure to become more ecolog-
ically responsible is rapidly increasing. and this also ap-
plies to design and the points of focus during a design pro-
cess. Aspects as material selection and durability have
taken on a whole new meaning and recyclability is now a
factor [22]. At the same time, the fashion industry is un-
dergoing a physical-to-digital transition. The continu-
ously deteriorating climate is, next to COVID, one of the
key reasons for this, since the fashion industry accounts
for 8-10% of global greenhouse gas emissions, with the
potential to reach responsibility for 25% of total allowa-
ble emission levels, as reported by the climate goals [4].
Therefore, fashion brands are attempting to implement
digital prototypingin order to reduce the amount of waste
they generate. The development of digital clothing to re-
place physical fast fashion is also high on that list since
people are buying more outfits than ever before while
wearing only a couple of times before replacing it. The
negative consequences of this never-ending buying se-
quence are clear, but if people replace their digital fashion
for the looks and only replace their physical clothing
when absolutely necessary, this will no longer be an issue
[30].

While the Fashion industry is focusing its digitalization
mainly on the more advanced technologies such as Clo3d,
which allows for advanced fashion designing, companies
such as Instagram and Snapchat on the other hand just
want to make the AR technology available to the general
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public. Everybody with an account can use basic AR func-
tionalities for their pictures & stories, simply through pre-
created lenses and overlays. Snapchat even offers a pro-
gramming application where people can create their own
lenses. This application allows having a sneak peek at the
possibilities for AR fashion in the future, by using the
technology of today.

Next to the positive impact, it can make, augmented real-
ity also raises some new security concerns. AR HMD’S
(Head-mounted displays) are currently already collecting
all kinds of personal data, while your personal computer
or phone data collecting is often limiting this to browsing
behaviour and interactions with content. Eye- and head
movement tracking, gesture- and motion detection and lo-
cation tracking is all part of the data used while working
with AR. This introduces a big privacy challenge, compa-
nies have to be clear about how they store, manage, and
obtain personal data, as well as how and when they share
it with third parties and how they secure it on their own
servers, much like every other organization that collects
personal information [9].

We can only speculate about the endless possibilities of
AR in the future. Scenarios, as visualized in the “HYPER-
REALITY” short movie [23], are promising, yet also in-
clude safety threats. The AR world will be filled with vis-
uals overlaid on the real world, and people will rely on
what they are shown by the AR applications. If hackers
gain access to the application, they can show whatever
fake information or visuals they want the user to see. Im-
agine the consequences of a traffic light displaying the
wrong colour, a windshield turning solid black or a doctor
receiving inaccurate information about a patient’s status
[6]. Situations like that can potentially cause massive
harm. Next to general adjustments, it also becomes possi-
ble for hackers to change what someone is wearing or
even change a person’s identity. For many people, the in-
ternet has already become a toxic world as a result of
cyberbullying, and with the possibilities AR provides, this
might take a turn for the worse with aspects such as digi-
tal abuse and visual bullying now playing a part (Rocks,



2018). There are also certain risks associated with digital
fashion. As Angela Mackey describes in her paper, “One
colleague intermittently photographed me when he felt
inspired and placed what I perceived as unfavourable dig-
ital content on my garments.” [21] Without a solid secu-
rity protocol, people can simply display anything of their
choice to you, which is something to keep in mind for our
project, since this can be a really unpleasant experience.

3. METHODOLOGY

In this section, we describe the study setup, which is divided
into two main parts: 1) Autoethnographic exploration of
designing and wearing augmented fashion, and 2)
Developing and deploying a design fiction on augmented
fashion.

3.1 Autoethnographic exploration of designing and
wearing augmented fashion

First, we establish a future scenario by extrapolating from
current technological developments in the relevant fields.
This future is then used as a basis for autoethnographic
exploration. For this, we take inspiration from the work
and autoethnographic approach of Mackey et al. in “Can I
Wear This?” [21]. Writing about our personal
experiences, such as also described in “Autoethnography:
An Overview” by Ellis et al. [7], is key to gaining an
understanding of the multiple aspects and perspectives of
augmented fashion. The process itself is therefore part of
the product of our study.

We differ from the approach in “Can I Wear This?” by
focussing on gaining an initial understanding of the topic
and the process thereof, instead of focussing on the long
term impact of integrating this technology in our daily
lives.

Over the course of ten weeks, different approaches to
designing and wearing augmented fashion are explored.
Results are shared on social media via an Instagram page,
in which the descriptions function as a brief journal entry
on the thoughts or concerns that come up and experiences
gained by creating the visuals. When writing down
detailed accounts on the current understanding of the

subject and the description of an Instagram post does not
suffice, additional writing is done elsewhere.

For approaching the experience of wearing augmented
fashion, multiple methods are used and experimented
with. These include using real-time 3d body tracking
filters in Snapchat, using virtual reality to visualize
augmented fashion outfits around a wearer and
superimposing augmented clothing onto captured video
using visual effects. Each of these methods has their own
levels of fidelity and immersion, allowing us to approach
different aspects of wearing augmented fashion. Visual
effects for example allow great fidelity, but virtual reality
allows for great immersion. Real-time filters in Snapchat
also offer a different form of immersion than an outfit in
virtual reality.

3.2 Developing and deploying a design fiction on aug-
mented fashion

The second part of our study is developing and deploying

a design fiction, using the approach described in the book

“Speculative everything: Design, Fiction, and Social

Dreaming” by Dunne and Raby [10]. The designs that are

created as part of the autoethnographic exploration are

used as diegetic prototypes.

First, we conduct thematic analysis on the collected data
from our autoethnographic exploration in order to
establish broad themes. For this, we use the methodology
developed by Braun and Clarke [6]. These overarching
themes are then used as topics for the different scenarios.
The contents, worldbuilding, detailing and intricacies of
these scenarios are drafted from the findings, journal
entries and gained an understanding of augmented
fashion.

The design fiction is comprised of multiple scenarios in
written text, with additional supporting visuals and the
aforementioned prototypes. It is then integrated into a
digital, easily digestible format — a slide show and later a
website — for use in discussions.

Deployment of the design fiction is done in the form of
hosting discussion sessions. We show the participant our
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design fiction scenarios and ask them a set of accompany-
ing, thought-provoking questions. These are then analysed
and from this process, in combination with the data col-
lected from the autoethnographic exploration, we com-
pose a list of likely or desirable scenarios, possibilities,
concerns and ethical considerations.



4. EXECUTION

The following text is written in the first-person perspective by
the authors. The team describes the process of the execution
of the research project Ubiquitous Augmented Fashion. To see
more visuals of this, see appendix 10.1.

We started our study by exploring the field of digital fash-
ion, digging into what this technology really is, what it can
do and how it currently is implemented in daily life. We
visualized the physical body, the body wearing physical
clothing and finally wearing digital clothing in order to get
the first vision on digital fashion (Figure below). This was
our first step towards thoroughly understanding AR and
establishing what the possible courses of action were.

4.1 Establishing a future for first-person exploration
By creating visualised speculative scenarios, in which, for
example, everybody in the room is wearing AR glasses
and digital clothing, we developed a good vision of how it
would look and what it could be. We sketched on top of
existing pictures of crowded areas.

By sketching on top of existing real-life scenarios, we ac-
quired a good impression of what it would be like if AR
and digital fashion would become ubiquitous. This made
us realize that we came upon a very interesting point of
view to research: What would our world look like if AR
would become ubiquitous? How would people behave if
they wear digital clothing over their physical clothes?
What positive or negative contributions would this

development bring into society, and what benefits or
downsides are linked with this technology?

We went ahead and designed many different outfits and
scenarios within the framework of AR. We did this by
working with a variety of sketching and modelling appli-
cations, such as Blendr, Sketchbook and Tilt-Brush (See
Figures below and to the right).

It was a very important activity to gain experience for
first-person accounts in designing digital clothes, since it
gave us new valuable insights and allowed us to experi-
ence a designers perspective. At this point, we also de-
cided to make an Instagram to share our progress with the
squad and other interested parties. This approach al-
lowed us to experience what it is like to design augmented
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clothing and collect input from others, without being lim-
ited by physics, materials and standards.

4.2 Autoethnographic study / First-person exploration
The next phase was applying the auto-ethnographic ap-
proach in our next study. We projected AR on images of
ourselves (Fig. below) and experienced what it was like to
actually wear augmented clothing. After that, we under-
went the experience of creating 3D scans of our bodies
(Fig. left). This experience was extraordinary, it even
made us feel insecure. This feeling was the result of us
standing still for 10 minutes, while wearing very little




clothing and felt eyes staring. It was also very confronta-
tional to see the results of this scan, which resulted in a
considerable mental barrier that led to us not wanting to
design on our own body scans.

We experimented with con-
necting physical clothing with
digital clothing and brain-
stormed about approaches
that would allow us to inte-
grate physical work into our
process. A part of our group
wanted to work on physical
products, so we switched
some attention to that area.
We did this by sewing a corset
from scratch and creating
various designs in Sketch-
book. An interesting angle
that resulted from this, is to
consider making specific
clothing lines and only being able to project on top of
them, or only being able to design and adjust certain de-
tails. However, this would be very restrictive, so we de-
cided to move our focus back to digital fashion with all of
its unlimited possibilities.

4.3 Design fiction development

Diegetic prototypes were a very important aspect of our
design fiction. These prototypes allowed outsiders to get
a good image of the narrated world, yet left enough space
for people to create their own vision, propose possibilities
and draw conclusions. In our case, this world consists of a
fully functional metaverse that became part of the every-
day scene and AR glasses that have become ubiquitous.
We have created moving visual effects shots to resemble
this digital fashion as realistic as possible. However, this
was a very long and intensive process, and for that reason,
we created three final VFX shots (Fig X.) that we could
show experts, students, coaches and others. This was the
right solution, as the frames were very short and realistic
design fiction was clearly presented in them. In this way,
experts and coaches, as well as students and outsiders,
could speculate about what this technology might bring
and how our society would look like when this technology
was to be implemented in our daily lives.
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4.4 Discussions

The development of a design fiction was very important
for the discussions we held, because people could use it as
a foundation to form an opinion on what consequences
this technology might have on our society and daily lives,
which we could discuss with them during discussion ses-
sions. We had these discussion sessions with people from
all levels of knowledge and involvement on the subject
and had a variety of discussions. The sessions have been
held in such a way that the people are in no way being di-
rected to opinions or answers (see Findings). In this way,
the conversations were interesting, long and spontane-
ous, which really helped to gain different and unexpected
insights (see Findings).



5. FINDINGS

The aim of this study was to gather insights into wearing
and designing augmented fashion and the potential social
implications it could have on our daily lives, in order to de-
termine desirable and less desirable future outcomes. In this
section, we present a list of findings that have come out of
our autoethnographic exploration, the creation of the design
fictions, and the held discussions. We identify likely and
plausible scenarios, as well as a range of ethical issues and
considerations that could be of interest for further research
and for implementing these future systems.

5.1 Defining and designing desirable augmented fash-
ion

As part of our autoethnographic exploration, we experi-
enced what it was like to go from no experience in designing
augmented fashion, to having an understanding of the crea-
tive and technical processes, required tools and possibilities

augmented fashion could bring. Our findings are both in the
outcomes of this process, and the process itself.

Throughout our entire process, we shared all experiments
and created visuals on our Instagram page. We found that
this was a highly effective method for getting direct feed-
back — in the form of reach, likes and comments — on
whether we were on the right track or not with regard to
appealing to the imagination and creating attractive outfits.
Since we are then stacked against the world’s top digital
fashion designers, we also get a better sense of what is con-
sidered state-of-the-art. Thus, we see Instagram as an effec-
tive tool for driving projects that have the creation of visuals
at their core.

During our exploration, we experimented with using Virtual
Reality (VR) for embodied design. Tilt Brush [citation] and
Gravity Sketch [citation] were used for this purpose. Both
applications allow the user to create three-dimensional
drawings and designs, and compose scenes with imported
objects.

We also developed an efficient workflow for creating an
augmented fashion outfit; From sketch to an augmented
fashion video. We define the following steps: 1) Ideation and
concept development, setting requirements. 2) Capturing
video footage or images from multiple angles. 3) Sketching
the outfit on top of a still frame. 4) Designing the high fidelity
outfitin Gravity Sketch, Marvelous Designer and Blender. 5)
Perform 3D body tracking using OpenPose and triangula-
tion. 6) Couple a 3d scanned, rigged mesh of the person to
the tracking results. 7) Perform cloth simulation. 8) Render
in Blender and composite, either in Blender or After Effects.

Through our exploration we discovered the following possi-
bilities of augmented fashion, some of these are also visible
in our designed outfits:

e The ability to alter your facial or bodily appear-
ance

e Animate parts of the augmented outfit

e Integration of realistic cloth physics, with poten-
tially non-realistic material properties.

e Augmented fashion items that interact with each
other. These items can create emergent behaviour
and potentially create modifiers.

e Fashion items that change the appearance of
nearby surroundings, such as shoes that change
the ground.

e  The inclusion of floating elements that are not di-
rectly connected to the body.

e The use of interactive elements. Someone could
make a t-shirt that has a small game on it.

e  The ability to share information. Things like your
name, relationship status, age.

e The ability to gather information. An outfit that
changes based on the environment.

e An outfit that changes based on health infor-
mation.

5.2 First-person accounts on approximating wearing
augmented fashion

Next to designing augmented clothing pieces, wearing them
has been approached in various ways, each giving a unique
insight into what it will be like to wear augmented fashion.

Wearing minimal to no clothing and AR glasses in a public
space.

This is not frowned upon. People give a couple of looks, but
are not weirded out by it.

Wearing clothing pieces in Virtual Reality

An interesting insight from this was that, if aligned correctly,
you could place yourself in the virtual outfit. Even without a
physical body visible, this was the most immersive way to
experience what it was like to wear augmented fashion
items. Further experiments could be done with this method,
composing entire scenes of what a future with augmented
fashion could look like.

Wearing fashion using mobile AR, Snapchat.
This is the closest we got to what it would look like in real-

time if someone were to wear augmented fashion. However,
the immersion was lacking. It did not feel like you were



wearing the outfit, but rather just a visual representation of
you. The tracking also wasn’t working properly.

Superimposing clothing onto captured video and images, ei-
ther onto strangers or ourselves.

This was the highest fidelity visualisation we could get to,
and allowed us the largest amount of freedom in terms of
what we could design.

Suggestions for experiences for approximating wearing aug-
mented fashion that have not been tried yet:

e A screen with one or multiple cameras pointed to-
wards the participant, making it function as a mir-
ror, and then projecting augmented fashion onto
them in real-time using 3d human pose estimation
and cloth physics.

e A 3d interactive narrative experience that shows
people wearing augmented fashion, going through
different scenarios.

Contexts in which we envision wearing augmented fashion
could be adopted:

e  Festivals, events, large and organised
e Nightclubs, social hubs, bars

e  Workspaces, open workspaces,
workspaces

e Social meet-ups, parties, small scale

collaborative

Our experiences have been that wearing augmented fashion
in the context of everyday situations could be considered
“overdressed”. Similar to how one might wear a gala dress
only for special occasions. Even with our prediction of AR
glasses becoming ubiquitous, the glasses will likely not be
worn at all times. Because of this, wearing an outfitin a con-
text where everyone is expected to be wearing AR glasses,
and be in the same digital space would be the most likely.

5.3 On developing a future for the augmented reality
metaverse

From our experiences and findings from first-person explo-
ration, we went on to construct a future scenario in which

our outfits could live as diegetic prototypes. Engaging in this
process of worldbuilding forced us to critically look into the
foundational technology that is required for augmented
fashion to emerge. We share our insights into developing
this future and our insights into how this future might work.

We found that the identified possibilities of augmented fash-
ion previously discussed are not easily implemented in a
single platform. Current platforms tend towards basic cus-
tomisation and simple outfits, leaving out user-generated
content. Platforms that allow users to create custom avatars,
such as VRChat, only allow full avatars to be uploaded. We
have created a realistic future scenario of how AR glasses
and the AR Metaverse might be implemented so that the cre-
ative ideas will be implementable. This takes inspiration
from the open standards of the internet and current devel-
opments in that area regarding WebXR.

e How AR glasses might work
e  How the AR Metaverse might work
e How AR spaces might work

5.4 Behind the scenes: Creating an augmented reality
design fiction

Building on the preceding first-person experiences and
worldbuilding, we aimed to create multiple narratives and
scenarios that would allow us to provoke meaningful dis-
cussions about this future. Accompanying visuals were also
created to make these scenarios more tangible. We share
our insights about the creation process of these narratives
and the accompanying artifacts.

Artifacts that are part of the created design fiction:

e A set of discussion-provoking questions about the
future of digital fashion

e A set of diegetic prototypes in the form of aug-
mented outfits, AR glasses, promotional graphics
and social media-advertisements

e A website that contains multiple future scenarios,
with each of these consisting of a textual narrative
and the aforementioned diegetic prototypes.

Methods:

e  Writing a narrative, taking inspiration from sci-
ence-fiction works such as Black Mirror

e World-building through the use of thought experi-
ments

5.5 Social impact and ethical considerations of aug-
mented fashion

Increased social segregation, the formation of certain sub-
cultures and subgroups will occur, and existing social
groups will be more easily separated from each other. One
can simply create their own version of reality, filtering out a
group of people they do not want to see.
Making sure inclusive public spaces are created and main-
tained is important. Moderation and censorship are also
topics of interest in what people are allowed to and are go-
ing to wear.

Furthermore, exclusion of poor and less financially
equipped demographics or individuals is an important fac-
tor to consider when creating AR spaces. People without the
financial needs to buy AR glasses will be left out from certain
social interactions, events and important information.

The impact on body image. With people being able to alter
their appearance in the context of a real-world setting, in-
stead of just online through the use of photo manipulation,
dissatisfaction with one’s own body could increase. Similar
to how Snapchat filters currently allow people to subtly
change their face structure in real-time, which in certain
cases can result in someone wanting to undergo plastic sur-
gery to match their digital appearance [citation]. This phe-
nomenon could become even more prevalent by introducing
the possibility to alter one’s body and face in AR spaces. One
could make themselves a bit thinner, add a little bit of mus-
cle or make their face more symmetrical. Subtle changes like
these could resultin someone getting used to their new look
and becoming dissatisfied with their natural appearance.

Impact on social interaction when mixing “teleported” peo-
ple and physically present people, in which “teleported” re-
fers to people who are digitally present in the AR space, but
are physically at a different location.



Another scenario that could result in unwanted usage is the
introduction of more sophisticated AR filters. These AR fil-
ters could be used to accurately superimpose visuals onto
environments and individuals. These could then potentially
be used to spread political messages without the consent or
knowledge of the subjected people. Individually targeted
“attacks” could also occur. This relates to current concerns
being brought up by the introduction of deep fakes. Being
able to trust what is presented in videos is not straightfor-
ward as before, and training people or machine learning
models to recognise fabricated footage will become increas-
ingly important.

Following up on that, we found that trust plays a major role
in the AR Metaverse. How does one user know that what
they see is the same as what the other sees?

Impact on social interactions with multiple overlapping AR
spaces.

Impact on buying physical clothing, fast fashion, the interac-
tion between digital and physical outfits, and the position of
brands in this potential transition.

Customer spending patterns.

Mental health impact of spending extensive amounts of
time.

6. DISCUSSION

During this study, we experienced what it is like to design
and wear augmented fashion and we used design fiction
to gather insights about possible implications regarding
augmented fashion in the future. This design research ap-
proach is mainly based on extrapolating from current
trends and speculating about the possibilities through the
development and discussion of a future scenario. By using
this approach, we were able to collect some really valua-
ble but also diverse thoughts and opinions. These opin-
ions provided us with new insights, for us to analyse and
draw conclusions from. At the same time, they function as
a foundation for further research, since the new insights
also introduced new perspectives, questions and debata-
ble topics.

At first thought, one would say that augmented fashion
can play a big part in solving the massive amounts of
waste generated by the fast fashion trend. When people
no longer have to replace their clothing collection every
other week and still can keep up with the latest trends,
physical outfits can be worn for as long as they last in-
stead of only till the next collection gets released. Given
our scenario where AR glasses have become ubiquitous
and a fully functional metaverse is in place, it would very
well be possible to only have as little as 5 shirts and 5
pairs of trousers in their closet. A decrease in demand for
physical clothing leads to less physical production, there-
fore resulting in less waste and pollution being generated
by the fashion industry. However, this decrease in physi-
cal clothing production also has its downsides. A big per-
centage of people living in developing countries live in
poverty and although the circumstances in the production
centres are way below standard, many of those people
rely on the fashion industry for an income [27]. This de-
velopment would on the other hand create a lot of jobs for
digital fashion designers, yet that is a whole different tar-
get group. This once again explains how important it is to
use multiple perspectives. From a sustainability focussed
perspective, it would be ideal to reduce the physical fash-
ion production as much as possible, while from an ethical
perspective would it be disastrous to simply let so many
people become the victim of this development. This is a
dilemma that needs additional research and debate be-
fore conclusions can be drawn about whether reducing
physical clothing production as much as possible is actu-
ally a positive development.

A discussion topic that might influence the previous di-
lemma, is whether augmented fashion should be imple-
mented in daily life and fully replace the concept of phys-
ical style or act as an addition to create a combination be-
tween physical and digital. A complete switch towards
augmented fashion would result in the situation as de-
scribed above, while there are way more possibilities in
which augmented reality can be implemented into our so-
ciety. Using augmented fashion on special occasions as
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events and parties are generally seen as a valid option,
and since fashion is also a way of expressing yourself, it
could very well function as an unintended conversation
starter. This would especially be an interesting option if
people could fully design their own outfit, yet it is to be
expected that not everybody has the skill to do so. The op-
tion mentioned to use a basic style outfit with the option
to adjust details would be a great way of allowing every-
body to adjust their outfit as they want, yet keep it availa-
ble for everybody. It would be ideal to give people the op-
tion to do the designing, but also have enough pre-de-
signed options which they can choose from. Creating this
connection between the physical and digital world needs
to be done in a way that both realities lay very close to
each other because only then it can grab the attention of
the market. People actually love to buy physical items, so
that they can really feel the product. This is an important
detail considering the marketing aspect, a part that got lit-
tle attention in our current study, yet is definitely worth
taking into account for future studies. Especially since our
current society is really focused on profit orientation,
which could potentially be a hijack for augmented fashion.
This makes a study focusing on a transition period a really
interesting possibility, which can also produce more in-
sights in questions such as “What (de)motivates people to
try and use this?”, “What role will the big fashion brands
such as Prada, Gucci or Chanel play in this process?” and
“(How) can we make this hype last, instead of just falling
back on plain physical clothing over time?”

Augmented fashion, just like a lot of other things, has
some desirable aspects and some less desirable aspects.
When we talk about cyberbullying in its current form,
people think about using text or photos to humiliate or
even hurt someone. When augmented fashion comes into
play, we have a whole different scenario. AR is hackable,
just like any other type of technology, which means peo-
ple with who knows what intentions might get the chance
to mess with your virtual outfit. Cyberbullying in an aug-
mented society adds a whole new dimension to the harm
that can arise. People are no longer limited to words, they



can just display anything of their choice onto you, and you
might not even know it. This can be something innocent
as a bad joke, yet when this happens to a public figure, it
can have serious consequences. Someone’s career can be
ruined, simply by changing how the outside world sees
their augmented outfit. Bullying does not even necessarily
have to be about what someone is wearing, augmented re-
ality has a price, and some people will be able to afford it,
and some people will not. Yet because they cannot afford
access to the AR world, they get afraid that they will miss
out on all of the fun and excitement, and that people will
laugh at them. These societal problems are part of the un-
planned possibilities that come along with the develop-
ment and release of new technology, and despite the fact
that people generally assess these as inevitable, it is still
important to keep those societal aspects in mind, as they
are not always positive and could potentially be detri-
mental.

There are many ways digital or augmented fashion can be
implemented in our society, as explained earlier. These all
individually require more in-depth exploration and re-
search, since every one of those scenarios brings along
different consequences and makes a different impact on
our daily lives and people as a society. Our current study
was limited to exploring the general implications of a fu-
ture involving augmented fashion, which, on one hand,
was a good thing, because it allowed us to gain insights
abouta wide variety of topics, on the other hand, it limited
us to go in-depth with our study, because the topic was
just too broad to do detailed research on all aspects and
scenarios.

The main research goal was to explore potential implica-
tions for an augmented fashion implemented future, and
since this goal directed us towards doing a speculative de-
sign research approach, we decided to do this through the
medium of design fiction. This choice was made to allow
us to speculate on the future, while leaving enough space
for outsiders to create their own vision. This choice
turned out to be a good one, since this approach allowed
people to focus on any aspect they envisioned, which,

when combined, created a well-rounded foundation filled
with insights from a variety of areas. This approach has
been of real use during our study, yet for further studies
that go more in-depth on one specific aspect or scenario,
a more focused speculative design research approach
might be more convenient.

Autoethnographic research was mainly done to give us
the experience of designing and wearing augmented fash-
ion ourselves, while the insights gained from this research
also contributed to the development of our design fiction.
Where design fiction focuses on speculating, this tech-
nique really allows the research to experience a perspec-
tive, which can give completely different insights than
solely speculating. For us, it really did that and created
some eye-openers on aspects we did not consider before.
It turned out to be a decent choice for both our current
study, as well as future studies.

The only real downside of our research approach turned
out to be that our study subject, digital/augmented fash-
ion, is currently still under development, which resulted
in some missing aspects that kept us from fully finishing
our design fiction. The main reason was the lack of exist-
ing ready-to-use software, such as proper 3d human pose
estimation, which resulted in us losing quite some time by
developing and setting up a workflow to achieve this
without having predefined software to use. This is some-
thing we should have considered earlier on in the process,
and is definitely important for further research to take
into account.

7. CONCLUSION

In this paper, we explored the impact Augmented Fashion
has on society in the future and what kind of implications
it could cause. We approached this query by applying dif-
ferent types of research methods. With the help of Design
Fiction, we have created a scenario in which a fully func-
tioning metaverse is part of the everyday scene and AR
glasses have become ubiquitous. This scenario consisted
of a variety of visuals that were created with the help of a
wide range of applications. In addition to design fiction,
auto-ethnographic research has been carried out to
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experience first-hand what it is like to design and wear
augmented fashion. We created visuals and noted down
our experiences, which we then shared via the social me-
dia app Instagram to keep track of our progress, as well as
to gain insights from outsiders. Discussions with experts
were also conducted to gain more insights and queries on
this future. This paper presents the results of our explor-
atory process of creating visual images, but also examines
the questions that arise in creating this augmented future.
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10. APPENDICES

10.1 Visuals throughout the process
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LAYERS OF EXPRessioN & UTILITy

We aim to answer these
questions in our re-
search on “Ubiquitous
Augmented Fashion”:
what will fashion look
like in an everyday set-
ting when augmented
reality-collaboration,
-spaces and -events
become a reality.
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people move and LAYERS OF EXPRE: Y ing with people in

moving people by augmenled reality and being with people

connecting them in the same shared augmented space

with each other, through events, certain augmented reali-

either while in the
same space, or in
an entirely differ-

ent continent. Now, -

how does this

relate to fashion?
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augmented reality,
they have their physical appearance, combined with their digital appearance,
This can be from a purely functional standpoint, such as showing your name
above your head, communicating other information such as age or gender
and showing a certain role one fulfills. However, as can be seen in every plat-
form in which people present themselves, be it digital or physical, people
want to express themselves and their personalities. In digital worlds people
create avatars, collect skins, add items in a way that makes them feel like it
properly represents them as a person. And this doesn’t have to be the way
they physically appear in the real world.

ty content, games and social venues, we
will want to express ourselves. And ex-

actly that question; how will fashion and
the way we express ourselves be impact-
ed by the introduction of collaborative
shared augmented reality spaces?

Will phenomena as fast fashion move

into the digital realm? Allowing fora

more sustainable physical fashion environ-
ment? Will people wear extravagant, carefully crafted outfits to special
events? Will there be a marketplace or openness? Will people want to be ina
certain shared space that also contains people they don't identify with? Such
as is currently prevalent in cities and physical shared spaces? Will people oc-
casionally go into these augmented reality spaces or spend a lot of time
there? Will there be a distinction between augmented reality spaces in cer-
tain environments such as a café and a public street space?
How often will people change outfits? How translatable is the avatar concept
from games and digital worlds to real life, where we have physical bodies on

which we can overlay more intricate and delicate fashion design?
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10.2 Consent Form

Informed Consent Form

Ubiquitous Augmented Fashion

Introduction

Dear SirMadam,

You are asked to take part in a scientific study. Participation is voluntary. Participation requires your
written consent. Before you decide whether you want to participate in this study, you will be given an
explanation about what the study involves. Please read this information carefully and ask one of the
investigators for an explanation if you have any questions. You may also discuss it with your partner,
friends or family.

1. ion & of the study
This study has been designed by 4 students of Industrial Design, Tule. The Investigators:
- Simone Coojjmans - s.cooljmans@student.tue.nl
- Aq'o Q¢ -la lue.nl
- Lara Potma - La.potma@student.iue.nl
- Thomas Wezel - Ls.wezel@student.tue.nl
The coach: Stephan Wensveen - 5.a.g.wensveen@tue.nl
5 study subjects will be needed for this interview. Our goal is to explore, in an open ended way, how AR
will influence digital fashion and the world around it.

2. What participation involves

During the study, the following will happen:

- data is collected about your knowledge and opinion about this subject.
- we will record the interview and meet for 10 to 15 minutes with you.

3. What is expected of you
In order to carry out the study properly it is important that you follow the study instructions. It is important
that you contact one of the investigators:

i you no longer want to participate in the study.

Itis up to you to decide whether or not to participate in the study. Participation is voluntary.

If you do participate in the study, you can always change your mind and decide to stop, at any time during
the study. You do not have to say why you are stopping, but you do need to tell the investigator
immediately. The data collected until that time will still be used for the study.

4. Usage and storage of your data

Your personal data will be collected, used and stored for this study. This concerns data such as your
name and opinions. The collection, use and storage of your data is required to answer the questions
asked in this study and to publish the results. We ask your permission for the use of your data.

Confidentiality of your data To protect your privacy, your data will be given a code. Your name and other
information that can directly identify you, will be omitted. Data can only be traced back to you with the
encryption key. The encryption key remains safely stored in the local research institute. The data that is
sent to the coach will only contain the code, not your name or other data with which you can be identified.
The data cannot be traced back to you in reports and publications about the study.

Access to your data for verification Some people can access all your data at the research location
Including the data without a code. This is necessary to check whether the study is being conducted in a
good and reliable manner. Persons who have access to your data for review are the students and coach.
We ask you to consent to this access.

If you have questions about your rights, please contact the person responsible for the processing of your
personal data. For this study, that is one of the investigators.

5. Any questions?
If you have any questions, please contact one of the investigators.
If you have any complaints about the study, you can discuss this with one of the investigators.

6. Signing the consent form

If you give permission, we will ask you to sign this consent form. By your written permission you indicate
that you have understood the information and consent to participation in the study. The signature sheet is
kept by the investigators.

Signature Participant Date

Thank you for your attention.
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10.3 Link to Instagram and Youtube
Instagram:

https://www.instagram.com/ubiquitous.augmented.fas-
hion/

Video:
https://youtu.be/pTU5qg-BCaiE
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https://www.instagram.com/ubiquitous.augmented.fashion/
https://www.instagram.com/ubiquitous.augmented.fashion/
https://youtu.be/pTU5q-BCaiE

10.4 Miro board
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