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Figure 1: Wearable Crazy Eights: Participants used our wearable ideation deck (available online or as a physical card deck) to
sketch up to 8 wearable technology concepts in 8 minutes.

ABSTRACT
Participatory design with wearable users entails engaging people
in the design process from the early ideation phases. However, user-
generated wearable concepts are often limited by the narrow design
space of commercially available wearables. This paper presents an
ideation scaffolding method we developed for eliciting wearable
concepts, called Wearable Crazy Eights, where participants used an
ideation deck and sketched up to 8 concepts in 8 minutes. Herein,
we discuss the artifacts produced from our ideation method in a
study with 46 participants comparing 3 groups. By comparing the
3 groups we were able to parse the effects of each activity on the
resulting ideas. Our contribution is a replicable and customizable
ideation method for encouraging outside-the-box thinking in wear-
able studies.

CCS CONCEPTS
• Human-centered computing→ User interface toolkits.
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1 INTRODUCTION
Co-design refers to the creativity and involvement of intended users
in the design process, who are usually not trained in design [35].
By creativity we mean the creation of something that is original
as well as useful, and therefore an improvement on what has come
before [29, 39]. During the early stages of co-design, the designer’s
role is to help participants express their creativity with activities,
probes, or toolkits [36].

There are several reasons why wearables require ideation ac-
tivities during co-design to help participants think divergently.
Although there are many wristband and jewelry wearables that
are commercially available, other form factors and e-textiles are
still a foreign concept to most consumers. Commercially available
wearables are for the most part functionally limited to the domain
of biometric tracking rather than the wide variety of social and
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cultural reasons that we wear clothes and accessories, such as for
comfort, remembrance, or self-expression. Also, wearable technolo-
gies are not easily generated with typical ideation methodologies.
There are many prototypes for different wearable sensors and actu-
ators, but a lack of methodologies for how to put them all together
to support the development of new concepts. Previous work has
incorporated card sorting [32], swatchbooks [15, 23, 47], and paper
prototyping for wearable ideation, but these have been tested with
design experts or design students rather than consumers.

For this research project, our goal was to develop an ideation
method that other researchers could use for wearable ideation as a
warm-up activity at the beginning of wearable studies, and therefore
we focused on activities that would be easy for other researchers
to replicate without extra training required for participants. We
propose a low-cost ideation method called Wearable Crazy Eights
(Figure 1) to encourage divergent thinking with sketching and a
wearable ideation deck. This paper contributes the steps of the
methodology and artifact analysis [28] from a study with 46 partic-
ipants including their wearable sketches and design concepts. We
provide the ideation deck in both a paper-based (in supplementary
material) and online version (wearablecrazyeights.com).

2 RELATEDWORK
There are a wide variety of design methods for helping research
participants during ideation, but the easy to replicate methods of
sketching and ideation cards are underexplored for the purpose of
wearable technology.

2.1 Sketching as Process in HCI
Sketching concepts is an accepted practice for ideation and discus-
sion in interaction design and HCI [41, 44]. Sketching is a way of
visually marking out and externalizing rough ideas or initial con-
cepts [8, 10, 42], and helps individuals think through, talk through
[31], and remember ideas [8, 27, 43, 44]. In HCI, sketching helps us
imagine technologies that have not been invented yet [31, 40, 42],
and to convey dynamic and interactive components [44]. For ex-
ample, storyboarding, which involves sketching a narrative with
notes and annotations, is used in HCI to demonstrate where and
how an imagined interface is to be interacted with [45].

The benefit of sketching during co-design is that individuals
do not need any training or practice to make rough sketches [10],
and novices tend to use similar sketching strategies as professional
designers, starting with rough idea sketches and then developing
more detailed ones [3]. Novices can also add annotations and text to
feel more comfortable with the technique and explain components
[4, 8] or facilitators can add time pressure to force novices to focus
on quantity (vs. quality) and avoid self-criticism [25]. Once sketches
are complete, they become further helpful for collaboration, co-
creation and conveying ideas to others [42].

2.2 Ideation Decks
Ideation decks help with creativity through the combination of
concepts to spark ideas during co-design [16, 29]. An ideation deck
has categories that suit the topic being explored, and instance cards
of those categories [1, 16]. By randomly grabbing a card from each
category, the individual will have a unique set of considerations to

reflect and ideate upon [16]. Design researchers have used different
ideation decks for imagining future technologies [7, 11, 17, 20],
designing with humanistic requirements [13], designing for social
acceptability [38], designing for playfulness [26], and imagining
extreme users [12, 21]. Some researchers combine ideation cards
with sketching [31] while others use images on cards for inspiration
[9, 13, 18, 26, 28]. The latter approach is also often used in card
sorting to help participants describe materials and fabric structures,
such as knits in wearable card sorting [32] . Digital ideation cards
can be used for co-design when users are not located in the same
space [46].

3 METHODOLOGY: WEARABLE CRAZY
EIGHTS

Our wearable ideation method, Wearable Crazy Eights, combines
the rapid manual sketching method of Crazy Eights [25], where
individuals try to sketch as many ideas as possible in 8 minutes,
with an online wearable ideation deck to help beginners generate
design concepts. The decision to combine methods was based on
results from previous research that found that sketching alone did
not aid in creating innovative wearable design concepts [14]. Our
ideation deck categories to inspire wearable concepts included gar-
ments, situations, and adverbs, and each set of cards was randomly
generated. The garment category included different garments or
accessories such as pajamas, shirt, costume, formal wear, etc. The
situation cards included different contexts of use such as at school,
at the gym, during pregnancy, etc. Adverb cards were to describe
the interaction such as daily, quietly, and expertly. The detailed list
is available in the supplementary materials. We compared three dif-
ferent groups (Figure 2): Group A applied the Crazy Eights method
individually, Group B did the Crazy Eights with ideation cards
(Wearable Crazy Eights) individually, Group C did Wearable Crazy
Eights in pairs, with a list of short descriptions of different sen-
sors and actuators for discussion. We received approval from our
institution’s research ethics board to conduct this study.

Our research questions are the following:
R1: How does encouraging co-design participants to think past

their first idea influence the strength of the final design concept?
R2: How do constraints and randomness in wearable ideation

support creativity and more out-of-the box ideas?
R3: What is the effect of working in pairs with a list of sensors

and actuators during wearable ideation discussions?

3.1 Group A – Crazy Eights
The first group had 10 participants, each working individually at
home. During this Crazy Eights activity, participants got 8 minutes
to fill out a sheet with eight different ideas [25]. The Crazy Eights
worksheet was divided into eight squares, numbered 1-8, and par-
ticipants were instructed to sketch a wearable idea per square. After
the eight minutes, they wrote a sentence to describe each idea and
selected their favourite.

3.2 Group B – Wearable Crazy Eights with
Ideation Cards

For the second group, we developed a wearables ideation deck
with three sets of cards (Figure 3). Group B had 10 participants
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Figure 2: The three methods used in this activity

who carried out the same Crazy Eights activity individually at
home (as Group A), but for each square they chose cards from our
wearable ideation deck to inspire their ideas. If they picked a series
of cards that made no sense or included a garment unknown to
them (e.g. a fedora for diving), they could just generate another
set. Drawing uncommon combinations was also acceptable since
individuals come up with more creative ideas with extreme inputs
[21]. Again, they wrote a sentence to describe each idea and selected
their favourite.

example.png

Figure 3: Example from the online ideation deck

3.3 Group C – Wearable Crazy Eights and
Paired Discussion

The third group had 26 participants (13 pairs) and carried out the
wearable Crazy Eights activity with ideation cards (as Group B), but
then discussed their ideas in pairs for 10 minutes and selected their
favourite concept as a pair. Moreover, during their group discussion
we provided themwith a list of sensors and actuators with the name
of the component, a sketch of what it looks like, a description of the

component and an example, i.e. , the description of a potentiometer
was to change something gradually such as a volume dial. They
were able to combine ideas or different aspects of their concepts to
come up with one design. Participants did this paired activity in a
lab setting and used a paper ideation deck.

3.4 Analysis
Our artifact analysis [28] focused on their final design concepts. The
46 participants generated 33 refined wearable technology concepts
for analysis (20 generated individually, 13 generated in pairs). Our
gathered data included the sketches and notes that participants
produced during their ideation activities. All participants also wrote
a short sentence about how easy or difficult they found the activity.
Our participants varied from ages 18-80 and our recruitment process
encouraged those with ‘no prior experience with e-textiles’ to sign
up.

4 FINDINGS
All participants found the activities “easy” and described it using
that phrase or synonyms. In terms of the artifacts they produced,
we found that producing more concepts helped participants think
of ideas that they liked more than the original. The ideation cards
led to more garments and new directions, and the list of sensors and
actuators during discussion helped participants focus on wearable
technology concepts. We elaborate on these four themes below:

4.1 Pushing Past the First Idea
For Group A there were clear benefits to encouraging participants
to think past their first idea. This was demonstrated in 9 of the 10
participants: when asked to pick their favourite concept, they did
not select their first idea. The initial ideas were not selected either
in the groups that used ideation cards (i.e. Group B and C). This
result demonstrates that wearable ideation benefits from using the
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Crazy Eights method that drives the creativity of individuals and
encourages them to think past their first design concept.

4.2 Moving Beyond Accessories
For Group A most participants (8 of 10) developed their design
concepts around accessories, which is understandable since most
wearable technology on the market are accessories. In contrast, the
two groups that used ideation cards (Groups B and C) designed 3 ac-
cessories each in addition to 7 (Group B) and 10 (Group C) garments.
This suggests that using ideation cards is especially helpful when
ideating for e-textile concepts since it encourages participants to
think beyond accessory concepts, and in doing so move beyond
tracking and physical-health habits.

4.3 Increasing Physical Comfort
Half of the design concepts developed by the participants that used
ideation cards (B and C) focused on physical comfort. This could be
due to the situation cards, which encourage participants to think of
how they could improve specific situations. For example, a jacket
that repeats comforting physical interactions when you are alone,
a studio cape that provides warmth, light and music to help artists
work, and a winter tuque that can heat up and includes speaker in
the ear muffs (Figure 4). In contrast, Group A did not design for
physical comfort.

Figure 4: Ideas for physical comfort: (a) a jacket that remem-
bers comforting interactions; (b) artist studio cape that can
provide heat, light, or music while working; (c) a winter hat
that has speakers in the ear muffs and heat

4.4 Playing by the Rules
We found clear benefits to giving participants a list and description
of possible sensors and actuators during their group discussion
period. Of the two groups that used ideation cards (B and C), the
group that was allowed to discuss their ideas with the list of sen-
sors and actuators (Group C) all stayed on task and generated ideas
involving wearable technology (Figure 5). In contrast, in group B
that did not have the list or paired discussion, 3 of the 10 developed
concepts did not involve wearable technology, such as a corset to
keep individuals sitting up straight or a parka stuffed with snacks.
These findings suggest that a simple list and description of sen-
sors and actuators during discussion can give participants enough
context and background to develop wearable technology concepts.
The list helped them understand what is possible and kept them on
track during ideation discussions.

Figure 5: Participants in Group C developed more concepts
that requiredwearable technology and garment or accessory
fit the context of use

5 DISCUSSION
From the analysis of our three ideation methods and insight from
co-designing wearables with users, we developed three design con-
siderations for participatory design of interactive wearables. We
explicate these below, before concluding how our work contributes
to the developing challenges of co-designing everyday wearables.

5.1 Ideation Prior to Embodied Activities
Framing is a way of putting participants into a certain mindset at
the beginning of a study [29]. Based on our results, we think Wear-
able Crazy Eights is a useful way to warm up participants during
wearable studies and to frame their experience before participating
in other study activities. We do not suggest that Wearable Crazy
Eights could replace more embodied activities, since participants
are better able to evaluate wearable concepts when they can ac-
tually wear them or try them out [5, 24, 32], but Wearable Crazy
Eights can help them think outside of current commercially avail-
able wearables in a short activity that can be performed on their
own. After initial sketching, participants can then develop experi-
ence prototypes to further ideate on their concept in an embodied
way [5, 30, 32]. For example, the winter hat with soft speakers con-
cept was later evaluated as a wearable prototype [30]. Wearable
Crazy Eights would also support distributed co-design where indi-
viduals need to perform activities without being co-located in the
same space.

5.2 Enabling Ideation with Non-Designers
Other ideation tools and toolkits require some wearable education
for participants to create their wearable concepts such as the LilyPad
[6], or workshops such as a Kit-Of-No-Parts [33] or swatchbook
camps [15, 23, 47]. In contrast, training, expertise, and equipment
are not needed to participate in Wearable Crazy Eights. Beyond
ideation with users, other stakeholders such as fashion designers
who already use sketching in their practice could benefit from this
approach to ideation [37, 47]. The method is also flexible to different
contexts and specializations. For example, other researchers in
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different areas of wearable computing could replace the situation
cards, or the sensors and actuators listed in the worksheet, to suit
their own area of study or specific user needs. For example, for one
tangibles class, we swapped out garments for physical objects.

5.3 Design at a Distance
The use of simple materials such as paper-based cards, online
ideation deck, and the sketching tools of pen and paper, enable
co-design over a distance with those who may be geographically
remote or unable to travel to the lab. Researchers could, for example,
mail participants the cards or participants could view them online,
gaining a broader reach of potential participants.

5.4 Creativity from Constraints
Although there are tensions in the literature on how constraints
influence creativity, some constraints on the structure of activities
can have positive results [25, 34]. In this study, participants in the
group with the most constraints (Group C) developed more creative
ideas, in that they were both novel (helped them think beyond
commercially available wearables) and useful (involved wearable
technology rather than off-topic concepts). As shown in our results,
the constraints of Crazy Eights, the ideation deck, and the finite list
of sensors and actuators all aided in the creativity of the outcomes,
and the individual contributions to creativity of each were parsed
through comparisons between the three methods/groups.

6 LIMITATIONS AND FUTUREWORK
Although the online tool is more accessible than other card-based
ideation decks, there are limitations based on the context that it
has been evaluated. Wearable Crazy Eights is primarily a visual
activity with timed manual sketching, and constraints might need
to be altered depending on the population you are ideating with. As
wearables continue to expand into a variety of uses and contexts,
our future work includes plans to explore how to translate the
technique into other formats such auditory, written or supported
drawing through alternatives. Possible alternatives include typing
out concepts instead of sketching them [2], giving participants
the ability to record audio notes, providing stencils to help with
sketching [22], or expanding the time constraints [19] to enable
accessible participation of different user groups.

7 CONCLUSION
In this paper, we evaluated three methods for involving users in
the co-design of wearable technologies starting at the ideation
stage. We evaluated easy to replicate methods involving sketching,
an ideation deck (both paper-based and online), and a list with
descriptions of wearable sensors and actuators. Involving all three
methods together (as Group C) encouraged participants to think
beyond currently available technologies while also giving them an
understanding of what could be possible wearables. The methods
can be easily adapted by adding cards to suit specific wearable
research areas, and our aim is to inspire other researchers who can
use these methods to help participants think divergently during
wearable ideation to suit their own research needs.
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