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Figure 1 – (a) a single Wearable Bit, (b) several combined Wearable Bits, (c) a shirt, (d) a pair of pants, and (e) a shoe all
made with Wearable Bits

ABSTRACT
Individuals with mobility disabilities face physical and social
barriers due to a lack of accessible clothing. E-textiles garments
and smart clothing could help make garments more accessible by
incorporating assistive technologies directly into clothing, but
there are limited methods for co-designing prototypes so that
users can be involved in the design process. This is due to the
specialized knowledge needed for designing smart clothing
(garment construction, e-textiles, computing). To help with these
issues I am developing a co-design toolkit for wearable e-textiles
called Wearable Bits. Wearable Bits expands upon the swatchbook
tradition in e-textiles by making swatches that can connect to
form any wearable garment. This document covers the proposed
studies I will be doing to evaluate the co-design toolkit and the
expected contributions of this thesis project.
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1 Problem Statement
Individuals with mobility disabilities experience social and physical
barriers because they cannot access suitable clothing [14]. Physical
barriers include whether they can independently put on the garment,
and whether it is suitable to their daily needs. Social barriers include
whether the garment is suitable for different environments such as
the office [14]. Wearable e-textiles and smart clothing provide
several opportunities in these areas. Because smart garments are
worn throughout the day, they are always available to provide
support. This could include technologies to help with dressing and
undressing, technologies to increase comfort, assistive
technologies, and garments that change based on changing
situations. Integrating assistive technologies into fashionable
clothing could also help to reduce the stigma of assistive
technologies.
Though there are opportunities for smart clothing to help and
prototypes are made for individuals with disabilities, rarely are
prototypes made with their input but rather evaluated after the
prototypes are already built. In my thesis I am exploring how we
can use co-design to develop smart clothing prototypes with
individuals with disabilities. Co-design is a design process where
the user is a partner in research and is involved right from the
beginning to ensure that the designed outcome fits their needs
[23]. In the area of smart clothing and e-textiles, co-design is often
difficult. Wearable e-textiles is a field that requires specialized
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knowledge in topics such as garment construction, textile design,
hardware design, and computing [25]. My thesis explores how we
can make it easier for users, and particularly individuals with
disabilities, to be involved in co-design. To do so I am developing
Wearable Bits, a toolkit where individual “bits” can be combined
to form any e-textile garments (Figure 1).

2 Related Work
In co-design, generative toolkits are scaffolds that allow potential
users to express their ideas and imagine different scenarios [24].
In the realm of e-textiles, co-design toolkits include card sorting
[18], low-fidelity prototypes [18, 25], and e-textile swatchbooks
[7, 9, 22, 25]. Of these, e-textile swatchbooks are particularly
powerful because they provide users (who likely have not
interacted with e-textiles before) with examples of what is
possible and how the interactions with the textile might work. At
the same time, these swatchbooks are limited by their format.
Though users can try to imagine what it would be like to wear one
of these swatches they cannot prototype with them.
In contrast, constructive assemblies, which are tangible user
interfaces that can be constructed, deconstructed and constructed
again [11, 12], are useful as design toolkits because users can try
out different scenarios, components and interactions and continue
to prototype until they get their desired result [8]. In the realm of
wearables and e-textiles the ones that are the easiest to use tend
to be physically stiff and limit the interaction to one area of the
body such as LittleBits [1], MakerWear [15] and, MakerShoe [16].
LilyPad [2, 3, 5] is an e-textile Arduino kit with sewable
components that can be expanded across the body, but is limited
as a constructive assembly since doing and undoing stitches is
destructive to most fabrics. Also, the kit acts as an add-on to
textiles or garments but is not it itself a tool to build garments.
Craftec [13] is an extension of the LilyPad that aims to make the
toolkit more accessible to older adults but has the same limitations
in terms of garment construction. I*Catch [20], QuiltSnaps[4] and
TeeBoard [19] are all textile constructive assemblies that utilize
the conductivity of sewing snaps to make the circuits modular,
but are limited in their ability to act as co-design tools for any
garment since their main purpose is education rather than
garment construction.

3 The Wearable Bits Toolkit
The Wearable Bits toolkit builds upon the concept of the e-textile
swatchbook by making e-textile swatches wearable. Rather than
looking at swatches in a book and imaging possible scenarios,
individuals can combine the swatches into a wearable garment.
The Wearable Bits toolkit is made from a tessellated laser cut file
and each piece is made of felt, but individual swatches could be
swapped out for other materials as long as the pattern is the same.
This type of modular fabric design has been used for aesthetic
purposes in the work of Hur et al. [10], and taught as a method of
avoiding textile waste in textile courses such as Fabricademy [6].

Figure 2 - The three sizes of Wearable Bits that can be
connected (a) 1x1 (b) 2x2 (c) 3x3

Figure 3 - four connected Wearable Bits – clockwise from
top left (a) a microcontroller (b) a breadboard with
battery pocket (c) a tilt sensor (d) an LED
There are three sizes of Wearable Bits that all fit into each other
(Figure 2). Using modular components rather than clothing
patterns makes the toolkit flexible to unique body shapes,
disabilities, and assistive devices. Electronic components are then
added to the felt pieces through machine embroidery, hand
stitching [21], or electronic components from other e-textile
toolkits, with enough flexibility that a designer can choose how to
build their e-textile swatch while still being part of the system
(Figure 3). The circuits are then attached with sewable snaps.
The potential benefits of the Wearable Bits toolkit are:
•
It does not require garment construction knowledge for
individuals to build garment prototypes
•
There is flexibility in terms of the garments that can be
made to suit unique body shapes, disabilities and
assistive devices.
•
It utilizes swatch examples where individuals who may
not have seen e-textiles before can then understand
what is possible
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There is flexibility in the components that can be added,
and similar to a swatchbook or A-Kit-of-No-Parts [21]
these can be added continually as the number of
swatches expands.
A modular toolkit allows individuals to prototype
garments that change over time, garments that can
become other garments, and garments that could
change to suit many different occasions.

4 Methodology
There are three studies I am running to build and evaluate the
toolkit. The first is a survey of current garment prototyping
methods and prototyping gaps for e-textile practitioners and
adaptive fashion designers (those who make garments for
individuals with disabilities). The second is an evaluation of the
toolkit as a constructive assembly, and whether this system works
as a toolkit. The third is an evaluation of the toolkit as a co-design
tool for individuals with mobility disabilities with the aim of
making the toolkit accessible.

4.1 Survey of Textile Prototyping Methods and
Gaps
We are currently running online surveys to better understand the
prototyping processes of two user groups. One survey is for etextile practitioners and researchers. The second survey is for
adaptive fashion designers (those who design clothing for
individuals with disabilities). The aim of these two surveys is to
understand how they build their garment prototypes and the
current gaps they experience. We are recruiting participants from
these two user groups through email. Based on the results of these
surveys we will design the Wearable Bits prototype to suit their
needs. The analysis of this study will be completed before the
doctoral colloquium.
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R1: Can individuals build garment prototypes with Wearable Bits
and how satisfied are they with their prototypes?
R2: Are individuals comfortable prototyping with Wearable Bits
both as the “wearer” and “non-wearer”?

4.3 Co-Design Toolkit Evaluation
I am currently a summer research fellow with Open Style Lab1
where I am learning how to make accessible clothing and codesign tools for individuals with disabilities. With the insights
from this fellowship, I will be improving upon the Wearable Bits
prototype so that it is accessible for individuals with disabilities. I
will then be evaluating the toolkit as a co-design tool with
individuals with mobilities disabilities (during October 2019).
During these sessions, individuals will be able to co-design their
own garments, as well as co-design new components to add to the
kit based on their needs. This study will be occurring after the
doctoral colloquium.
R1: Does the toolkit help this user group express their ideas
during the co-design sessions?
R2: What components are missing from the toolkit for this user
group?
R3: Is the Wearable Bits toolkit accessible for individuals with
disabilities?

5 Expected Contribution

R1: How do these two user groups prototype garments?
R2: What are the difficulties or obstacles these two user groups
come across while prototyping garments?

This project aims to reimagine the swatchbook tradition within etextiles to allow for individuals to use swatches as prototyping
tools. Having modular components also allows for new garment
possibilities to arise such as garments that change over time,
garments that become other garments, or garments with
exchangeable parts. The expected contribution of this work is an
accessible toolkit for co-designing wearable e-textiles that
addresses the prototyping needs of e-textile practitioners and
adaptive fashion designers. The goal of this research is to involve
individuals with disabilities in the design of their own garments
so that we can build prototypes that better suit their needs.

4.2 Constructive Assembly Evaluation
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The second study is evaluating whether the Wearable Bits toolkit
works as a constructive assembly. We are using the constructive
assembly framework proposed by Leong et al. [17] to evaluate a
low-fidelity version and a high-fidelity version of the toolkit. We
will be inviting individuals in pairs to prototype e-textile
garments using the toolkit. During these sessions we will have
one individual be the “wearer” and the other individual be the
“non-wearer”. This study will also help us to evaluate Wearable
Bits by the common pitfalls constructive assemblies can fall into,
such as the overly block-like aesthetic that many of them have, or
that they limit expressiveness and creativity [17]. The analysis of
this study will be completed before the doctoral colloquium.

1

https://www.openstylelab.org/
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