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ABSTRACT
As technology is integrated into all aspects of our lives, researchers
are exploring emerging technologies in the field of fashion design.
The substantial growth in the field of functional apparel design,
such as the use of smart textiles, encourages researchers and fashion
designers to incorporate technology within their designs. In much
previous work, e-textiles have required interdisciplinary knowl-
edge such as electrical engineering and computer science to be suc-
cessful. To help with this we created ready-to-use shape changing
fabric samples for fashion designers. We explored this research gap
through a preliminary user case study with seven experienced de-
signers. Our results suggest design approaches for shape changing
fabric samples that would assist non-technically skilled designers
incorporating technology in their designs.

CCS CONCEPTS
• Human-centered computing→ User interface toolkits.
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1 INTRODUCTION
Designing interactive garments presents unique challenges to re-
searchers and designers because collaboration in this field is still
relatively new and not part of traditional fashion design training
[17]. Fashion designers and engineers have skills and knowledge
that could complement each other during e-textile collaborations
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[45], but with current tools, fashion designers often must already
have engineering and computing knowledge to fully experiment
and explore the material opportunities of interactive textiles. De-
signers without experience using actuated e-textiles or visualization
media are limited in their ability to develop shape-changing wear-
able fashions [29]. In addition to considering factors such as fit,
user comfort and aesthetics, interactive garment designers need
to pay attention to other aspects of the design such as visibility
of electronic elements and electronics reliability [36]. Based on
these considerations, fashion designers typically collaborate with
other professionals to implement technologies within their designs
[26, 27, 29]. Yet, there can be communication barriers between re-
searchers or developers; technology researchers need to understand
designers’ intentions to solve their problems efficiently [36].

We propose simplifying the process with ready-to-use interactive
garment samples that could minimize the need for technical assis-
tance in the design of shape-changing clothing. Previous work has
explored how fashion designers would like to use colour-changing
samples [9], but shape-changing samples are an underexplored area.
In this work, we focus on inflatable shape-changing fabric samples
with kinetic properties. We asked, “How can inflatable fabric sam-
ples help designers explore potential applications of shape-changing
technology?” Our three samples are based on origami patterns that
change their shape by folding and unfolding through the use of
air pressure. We provided these fabric samples to seven designers
without a technical background to identify possible advantages
and disadvantages. Based on our qualitative findings of this first
evaluation, we suggest design approaches for shape changing fab-
ric samples, which could assist designers in independently using
electronics in garment design.

2 RELATEDWORK
Electronic textiles (e-textiles) are fabrics that incorporate electronic
elements such as sensors and actuators to make textiles interactive
[39] . One recent area of exploration, shape-changing actuation,
provides several opportunities for fashion designers, although tech-
nical support for fabric actuation is not well documented.

2.1 Shape-Changing Textile Actuation
Availability of shape- and texture-changing devices is increasing
[40]. In the field of fashion, this may lead to garments that: change
shape based on thewearer’s needs [11, 38, 43], fit the body perfectly[28],
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create second skins [2], or display emotions and sensory aspects
[7, 35].

Some approaches to developing self-folding mechanisms include
using Nitinol wire and shape memory [2, 10, 44], pneumatically
actuated soft composite material [15, 46] or heat-sealing inflatable
[34]. The inflatable fabric option is becoming popular in the field of
material design, where a shape-changing surface can be created by
folding and unfolding or origami patterns with air pressure [33].

2.2 Scaffolding Learning and Exploration
Designing wearable garments often requires interdisciplinary col-
laborations [29, 36]. As noted earlier, considerations include fabric
texture, garment fit, comfort and aesthetics, visibility of the ele-
ments, size, and reliability of electronics [26, 27]. However, fashion
designers often lack electronics and programming backgrounds
[36].

One approach to overcome this challenge is the use of toolkits
to help collaborators develop functional prototypes. LittleBits[1],
Craftec [18], and MakerWear [24] are toolkits that use magnetic
or snappable components. LilyPad [4, 6] is a toolkit with sewable
components that can be attached to textiles and better support
sewing practices. The current limitation of the toolkit approach is
that the often-hard components do not emulate how the envisioned
garment might look or feel.

Another approach taken from the textile industry is the use of
swatches or samples to demonstrate what e-textiles can do. This
is best demonstrated in the use of swatchbooks such as those de-
veloped during the yearly e-textile swatch exchange [16], or the
textile interface swatchbook [13] which is an interactive book of
samples that can be plugged into a computer for demonstrations.
The use of samples is particularly powerful for enabling designers
to see what is possible and gather inspiration for their own work
[47]. Wearable Bits [22] and Swatch-Bits [20]are examples of using
swatch samples as a toolkit for prototyping ideas, but they lack
shape changing actuation samples. Other researchers have used
probes such as the colour-changing fabric prototype Ebb [9], and
the Kino robotic dress prototype [23].

Some researchers have incorporated the use of mannequins to
emulate fashion design practices. One example is Mannequette
[42], an interactive mannequin with knobs to emulate digital and
analog sensors but currently limited to light actuation. Wooden
mannequins have been used for sketching and hand fabricating
non-functional prototypes with the benefit that participants do not
need to know how to build interactive prototypes to express their
concepts [3].

There are several shape-changing toolkits for scaffolding learn-
ing for beginners, but these are not geared towards fabric samples
and fashion design uses cases. Inflatibits [25] is a building blocks
toolkit of inflatable modules for education. Pneuduino [33] is an
Arduino-based programmable electromechanical toolkit that helps
designers by allowing them to create such shape-changing struc-
tures without going through all the steps that are usually required
for this kind of task.

In this case study, we explore how fashion designers without
computing or engineering experience would use interactive shape

changing swatches or samples with wooden mannequins. Our ul-
timate goal is to provide fashion designers tools that help them
explore the technology without requiring the support of an engi-
neering expert.

3 THE PROTOTYPES
We designed three shape-changing fabric prototypes based on
origami art patterns that change their shape as they fold and un-
fold. Origami is a traditional Japanese art that transforms a flat
sheet of paper into a 3D structure [37]. We selected origami pat-
terns because they have a demonstrated and efficient structure for
shape-changing movements through folding and unfolding [37],
and provide fashionable aesthetic qualities. We applied three types
of tessellations: the Eight-Crease Waterbomb, measuring 3.5 by
3.5 inches, which looks like blooming flowers that expand (Figure
1, top), the Six-Crease Waterbomb, measuring 3.5 by 4.5 inches,
which changes from a flat piece to a ball (Figure 1, middle), and the
Pyramid, measuring 5.5 by 5.5 inches, with a self-explanatory name
(Figure 1, bottom) [8, 32]. To set the origami folds in the fabric, we

Figure 1: Eight-CreaseWaterbomb (Top row); Six-CreaseWa-
terbomb (Middle row); Pyramid (bottom row); non-inflated,
view from the top (left column), inflated view from the top
(middle column) and the side (right column).

drew the origami pattern on fusible web material and cut it into
pieces. We ironed the pieces to the back of the fabric then sand-
wiched the fabrics between plastic origami sheets (mold, Figure 2,
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left) and secured the folds with wood clips (Figure 2, right). The
fabric set for 2 or 3 days, and when we opened the clips, the fabric
held the planned shape. We chose Silk Shantung woven fabric for

Figure 2: Building the shape-changing swatches (left) the
mold, (right) securing the folds with wooden clips

the prototypes as it holds creases well and layered the fabric with
fusible web material cut to the origami pattern. Each sample had
a simple on/off switch to avoid the need for programming knowl-
edge. The switch circuit included a small, handheld air compressor,
a balloon and tubes to blow the air under the fabric to make the
unfolding kinetic motion possible (Figure 3). The Six-Crease and
Eight-Crease Waterbomb took about five seconds to inflate while
the Pyramid required ten seconds. The Eight-Crease Waterbomb
has a structure that enables self-unfolding with air pressure and
it also looks like blooming flowers that expand. The Six-Crease
Waterbomb changes shape from a flat piece to a ball and the shape
is also known as the magic ball. All three samples took about 10
seconds to deflate.

Figure 3: The back of the fabric with tube (left); the com-
ponents used to implement the shape-changingmovements
(right).

4 METHOD
To determine how our shape changing fabric samples could help
designers imagine and prototype future designs, we introduced
participants to our ready-to-use, shape-changing fabrics. Our re-
search methodology was reviewed and cleared by our institutional
research ethics board. We conducted individual in-person design
sessions, where we asked participants to interact with the fabric
samples to design concepts for a garment or for any other kind of
interactive piece. Each design activity lasted an average of thirty
minutes. We demonstrated three shape-changing fabric samples to
the participants and asked them to generate design concepts using

our supplies [3]. We provided one yard of fabric, a 12-inch-tall mini
mannequin, pins and scissors (Figure 4). We observed their design
activities and asked questions about their interactions throughout
the design session

4.1 Participants
We recruited seven participants for this study including fashion de-
signers from Toronto Fashion Week as well as industrial designers
who work with fabrics. Three participants had a college degree in
fashion design, the other four were currently enrolled in or had a
graduate degree. Five participants had less than 10 years of expe-
rience, one had 12 and one had more than 45. All had experience
in fabric design, four were fashion designers with experience in
custom-made dresses, two had experience in sewing and tailor-
ing and one had experience sketching garments and working with
fabrics in industrial design. However, none had experience with
merging technology and fashion, for example one participant noted,
“I never interacted with the technology and I just work with tradi-
tional fabrics and cut them. But I believe that technology is going
to make its way to fashion as well.”

Figure 4: Study setup: a mannequin and three prototypes.

4.2 Analysis
We video recorded the study and transcribed the discussion man-
ually. We used a descriptive coding method to analyze the study
transcript [41] and identified general topic categories discussed
in each session. We also noted observations from participants’ in-
teractions with the prototypes during each session. Our analysis
included ethnographic thick descriptions of their responses, in line
with Clifford Geertz’s qualitative approach to including interpretive
cultural contexts and meanings that provide insight into the factual
accounts [12].

5 RESULTS
5.1 Understanding the Samples
We observed that all the participants seemed interested in seeing
how the prototypes worked. P3 stated “I always think that we don’t
have enough of the combination of technology and fashion. There’s
not enough of it.” Participants asked many questions about the
technology involved in making them. P1 asked questions about
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cutting, sewing and the mechanics inside the fabric (Figure 5, left).
Specifically, she wanted to know if she could cut the fabric in the
shape that she wanted and if she could sew pieces together. She
expected to have an instruction manual that explains how to cut
and use the fabrics.

Participants interacted with each shape changing fabric pro-
totype and evaluated its flexibility and softness (Figure 4). Most
designed on the mini-mannequin (e.g. in Figure 5, right), but P1
and P2 put the fabric on their body. P1 placed the sample on her
shoulders to see if it would look good as a jacket lapel.

Figure 5: P1 wanted to stitch around the fabric and cut it
as a corset (left);P2 expected that Eight-Crease Waterbomb
fabric changed the length (right).

5.2 Emotional and Functional Engagement
Through analysis of our observations and the participants’ com-
ments and behaviours, we categorized that they perceived the proto-
types as enabling Emotionally-Oriented and Functionally-Oriented
engagement. These are not dichotomous categories, but more a
categorization of the core perception of the opportunity.

For participant perceptions focused on the Emotionally-Oriented
opportunities, the emotional and social aspects of using the fab-
rics were important to their design prospects. They mentioned the
potential to use them on the red carpet or in a big event or a fash-
ion show; they seemed to be interested in how the fabrics would
impress people: “Six-Crease waterbomb is interesting and looks
futuristic.” All three responded that they were likely to recommend
this prototype to another designer and would consider using them
in their own design. One participant reacted negatively to the aes-
thetics of the fabric samples: P4 mentioned that, since these fabrics
are blowing up to change shape, there is no aesthetically pleasing
aspect to use: “I am not quite sure where you would go with this
blowing up.” Instead she focused on the functional aspect of the
prototypes.

For participant perceptions focused on the Functionally-Oriented
opportunities, the functional applications of using the shape-changing
fabrics were important to their design prospects. They identified
the ability to protect the wearer from falling or from bad weather
conditions. P4 focused on using the fabrics for protective purposes,
“If something bubbles up and it supports the body that would be a

pretty smart way to use these fabrics. This technology can protect
the wearer from a dangerous act or a stunt and having a bad fall.” P3
wanted to use it for an outerwear garment to keep the body warm
when inflated due to the air in between the garment and the body.
This group was interested in working on traditional garments and
fabric in more conventional ways. Furthermore, one of the main
functional concerns of these participants was that the garments
could not be used for everyday outerwear because of the lack of
social acceptability.

Participants also proposed using the samples for non-body pur-
poses such as furniture. P4 said, “It also can serve a purpose outside
of the body like using it on the couch, it would be really cool as
an interactive canopy or for your patio in the backyard. On rainy
days have these shape changing fabrics on top for better protec-
tion. When your nice little gazebo has this fabric out when it starts
raining, the fabric changes their shape and they cover the roof. We
can probably do a lot with these fabrics!”

Functionally-oriented opportunities also included safety practi-
calities. One participant mentioned that she was worried about the
safety of the wearer and asked questions: “Is this detachable? The
customers are not going to electrocute themselves?! Is there going
to be a risk? How about if it is raining?”

5.3 Foldable Structure
All seven participants exhibited positive attention at the beginning
of the study: they showed interest in how the prototype worked
and asked questions about the technology involved in making the
prototypes. Participants held and folded each kinetic fabric proto-
type; they touched the fabrics to evaluate their flexibility and the
softness of the material (Figure 6).

Figure 6: Participants tangibly explored the features and af-
fordances of the swatches

Shape-changing seemed to be a pleasing feature to participants,
even if some noted the limited flexibility of our samples. Pattern
preference was equally distributed among participants; three liked
the Six-Crease Waterbomb due to its flexibility for ease of use; two
preferred the Eight-Crease Waterbomb due to its appearance, and
three selected the Pyramid due to its limited movement and more
obvious shape change, producing a surprise effect.

Participants noted that it would be suitable for the bottom parts
of the body rather than the top. They explained that they would pre-
fer not to use the prototypes on certain parts of the body—specifically
arms, waistline and stomach—because it could limit movement abil-
ities, make the wearers look big and also decrease comfort. For
this reason, participants ended up designing for a similar body part
across the different design sessions. Three participants suggested
using these fabrics on the shoulders: P3 chose the Pyramid for the
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Figure 7:Many participantsmade a skirt with the Six-Crease
Waterbomb shape-changing fabric (left); P7 made a preg-
nant lady using the Pyramid fabric (right).

shoulders for “a female Gladiator style”. P3 also designed a day and
evening wear skirt that would be flat during the day and could puff
up during the evening. P7 said he would use the Six-Crease and
Eight-Crease Waterbomb fabrics on the bottom of the dress rather
than on the top, and not close to the arms. He also said that the
Pyramid fabric is suitable for the top. He worked on a pregnant
lady on the mini mannequin, and stated, “It’s kind of cute. I mean
it’s not bad. It’s interesting, like a piece of art.” (Figure 7, right).

Five participants made a skirt on the mini mannequin with the
Six-Crease Waterbomb sample (Figure 7, left), often creating a puffy
skirt. Five participants suggested making a push-up bra due to
the light weight and size changing properties. Three participants
mentioned that the garments would not be suitable for off-the-rack
purposes. One stated, “I would use this material for ready-to-wear
clothes for different events.” Another designed a wedding dress to
overcome current issues with weight and size, and stated, “If there
is air when you wear it and then the air goes off and then you can
store it.”

5.4 Creativity
In the short time they worked with the samples, they generated con-
cepts that extend the possibilities for everyday fashion designs. Two
participants introduced the use of the fabrics for artistic-oriented
designs such as the pregnant lady and gladiator lady garment. Two
wanted to design a dress to surprise audiences at an event or fashion
show. P7 imagined the audience response, “The dress is becoming
bigger and bigger in the public is like, wow!” This is in line with
findings regarding a colour changing wearable provoking intrigue
[9].

6 DISCUSSION
Tangible exploration is an integral part of how fashion designers
evaluate and ideate on materials and potential applications. As re-
searcher Pauline van Dogen describes, fashion involves “material
processes and embodied practices” [43]. In our project, we found
that tangible exploration of shape-changing swatches provided

several insights into both approaches that could lead to recom-
mendations for other researchers working on interactive fashion
toolkits.

6.1 Opportunities with Shape Change
There are many toolkits for wearable prototyping and co-design,
but none currently support or include shape changing elements.
As noted, our participants seemed to enjoy exploring shape chang-
ing concepts, suggesting that shape-changing samples could be
an interesting feature to add to wearable e-textile fashion proto-
typing kits. Participants also emphasized the importance of the
fabric samples feeling like fabric, and the most repeated complaint
was sample rigidity. This suggests that the component rigidity of
many of the available e-textile and wearable toolkits would not
be suitable for fashion collaborations and that QuiltSnaps [5] or
e-textile swatchbooks [16] could be more suitable for this context.

It is also critical for toolkits to consider the process of fashion
designers, which often work with fabric bolts that can be cut. This
is quite different from circuits, which typically cannot be cut freely
and maintain their integrity. This need to modify of the samples,
as brought up by P1, is of particular importance. Overall, future
researchers exploring shape-change in fashion should ensure that
their samples are soft, feel like fabric and can be modified as part
of working with the samples.

6.2 The Importance of Scale in Fashion Design
Using a mini-mannequin provided a framework for participants
to imagine different scenarios while prototyping. In particular, it
helped them to imagine large scale interventions such as a skirt,
even with a small sample, but also limited the types of interactions
due to the scale of the model. In contrast, in fashion design the
physical prototyping process of toile involves using a cheaper fab-
ric such as canvas to mock-up a design on a life-scale mannequin
[30]. Having mannequins and samples at different scales could help
to better support the processes and embodied practices our par-
ticipants were trying to explore, for example by placing a swatch
on their own body to explore their design concept (e.g.[42]. De-
signers mentioned this preference to designing on a human-sized
mannequin and also would have wanted the opportunity to cut the
fabrics into different shapes. They said that working with small
samples on a small mannequin was a limitation. Interestingly, only
one of them was concerned about the scale of the fabrics and she
stated, “I don’t like to have the samples in larger of the scale but if
you keep the scale small and give me a large piece of fabric then I
am happy.” Another approach would be to develop different sized
swatches such as Wearable Bits [22], that are integrated as part of
a larger design ecosystem.

Also, though swatches are common exploration tools in fashion
design, many fashion designers are used to workingwith fabrics in a
cut-and-sewmanner which is not compatible with many interactive
swatches (such as our inflatables). For future toolkits, considering
how swatch examples could be cut and sewn, and designing them
so they can be cut without damaging the circuits, would likely
enable fashion designers to more easily envision how they could
incorporate these technologies into their work.
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6.3 Design Activities for Different Stages and
Purposes

The samples were useful for demonstrating the possibilities of
shape-changing fabrics and for quickly building prototypes to ex-
press design ideas. We learned that they can be approached as tools
that could affect the emotional and social impressions of designing
with and for shape-changing clothing. They could also be used as
instruments for enabling functional applications for increasing the
usefulness of protective outerwear and expandable furniture.

In contrast to our initial expectations, the concepts were con-
servative and mostly around a narrow design space. This suggests
that the samples alone may not be sufficient for shape-changing
ideation, and that participants might benefit from more time to
reflect on samples and additional related design activities. To do
so the shape-changing samples could be combined with activities
such as moodboards [19], card sorting [31], ideation decks [14], and
sketching [21, 47] to help participants become immersed in new
contexts.

6.4 Limitations
We had a very small sample of designers, due to their limited avail-
ability and time constraints. In addition, the designers who partici-
pated only had a short time to interact with the fabric samples as
we could not produce enough samples to let them become familiar
with them prior to the design sessions. We consider this a prelim-
inary study and propose developing a series of kits that could be
distributed ahead of time to a broader sample population for future
studies.

7 CONCLUSION
This preliminary case study explores how shape-changing inflatable
fabric samples can help fashion designers explore affordances and
opportunities for designing with shape-changing samples without
engineering or computing assistance. We explored this research
gap through a preliminary user case study with seven experienced
designers. We created three origami patterns that fold and unfold
and observed designers interacting with these samples in a design
session. We found that designers demonstrated both emotionally-
oriented and functionally-oriented approaches to the potential for
the samples to help them envision shape-changing clothing and
furniture design concepts. Our results suggest addressing these
design perspectives in developing shape-changing fabric samples
that could assist fashion designers with little to no experience with
electronics incorporating technology in their designs.

We propose that samples of shape-changing fabrics, similar to
our prototypes, could be a potential solution to help designers inte-
grate technology into their current processes and practices, without
the need for external help. Specifically, future work should include
the creation of a shape-changing fabric sample kit, which provides
larger and more varied patterns of interactive sample materials and
instructions for using the samples that show examples of applica-
tions and illustrate steps for ideating with the prototypes provided.
These kits could be on loan to enable designers to experiment with
them. This may inspire more varied interactive garments.
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