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ABSTRACT

Acquired brain injuries have many complexities, largely affecting
motor and cognitive functioning. Occupational therapists often use
switches attached to electronics that activate the devices to give
people with disabilities the ability to interact with toys and elec-
tronics. However, current switches on the market are expensive,
break easily and are unable to customize. We ran two co-design
workshops and follow-up interviews with 14 occupational thera-
pists specializing in students with acquired brain injuries. In phase
one, the occupation therapists built three soft switches and brain-
stormed iterations. In phase two, we gained valuable insights into
the iterations from occupational therapists. This paper contributes
to Human-Computer Interaction as a case study, designs guidelines
to support co-design with occupational therapists, and discusses
the potential of adaptive soft switches. This work contributes to the
growing literature around supporting occupational therapists as
makers and how researchers can support them during the co-design
process.
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1 INTRODUCTION

Acquired Brain Injuries (ABI) are injuries to the brain that occur
after birth, including traumatic brain injuries, cerebrovascular ac-
cidents, brain tumours, infections of the central nervous system,
hypoxic brain injury, and infections [46]. These injuries can affect
motor skills, cognition, and behaviour and present with other med-
ical challenges. Participation is disrupted in activities related to
school, work, play, and home life [52, 64]. Electronic toys and other
technologies are common interests among children and adolescents
with ABI However, the devices are difficult due to the physical
properties of access (generally small buttons) and the challenging
mechanisms that require more complex fine motor and coordination
skills.

Toys and electronics not originally designed to be adaptive
technologies (ATs) can be modified using electronic buttons, and
other simple electronic sensors called adaptive switches. Adaptive
switches are useful for children and adolescents to increase partic-
ipation and self-expression in activities that are meaningful and
interesting to them. The switches help them communicate and allow
them to have control and direction over tasks. [81]. Switches can be
pre-existing products or products built using electronic hardware
components. The switches are then attached to support mechanical
access to the device [57]. The switches can promote the partici-
pation and development of children and adolescents by providing
alternative access to activities and routines. Students use switches
at schools to access learning materials [37].

People with ABI can use adaptive switches to support differences
related to motor skills and cognition that may affect opportunities
for engagement. Though there are many different types of adaptive
switches, the more popular pre-existing adaptive switches (Figure
1) are expensive hard plastic devices with limited customization
options for different skills and activities. Using fabric as a medium,
there are opportunities to use the malleable soft material to build
customized adaptive switches that can be easily adapted to the indi-
vidual needs of the end user. Though many people with disabilities
can use adaptive switches, the complexities and challenges with
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ABImake it a unique user group to explore the potential of adaptive
soft switches.

Figure 1: An adaptive switch connected to a toy dog.

Occupational therapists (OTs) frequently assess for and utilize
ATs due to their expertise in activity analysis and adapting materi-
als and environments to promote participation [47]. As members
of an interdisciplinary team, OTs are responsible for identifying
and implementing ATs. OTs often adapt materials, objects and tech-
nologies and turn them into low/no tech and high-tech assistive
technologies to support their client’s needs and goals [67, 85]. OTs
are not only proxies, stakeholders, and advocates for their clients
but they are also users of AT where they often have to test, plan
activities, and implement the use of ATs with their clients. Espe-
cially if their clients have complex and multiple disabilities such as
ABI, it is critical to collaborate with OTs in the co-design process
as they will implement the switches with the child and adolescent
clients. They will customize and fix the adaptive soft switches if
they are broken. With expertise in understanding their clients, they
make ideal collaborators for human-computer interaction (HCI)
researchers to co-design soft adaptive switches.

For this study, we co-designed with OTs at The International
Academy of Hope (iHOPE), a school that supports students aged 5
to 21 with ABI in New York, New York, United States. OTs work
with the students on physical, cognitive, vision, and sensory-related
challenges, promoting participation and engagement through adap-
tation and using compensatory and remedial strategies rather than
working towards complete independence. Occupational therapists
frequently utilize the concept of independence partly as a measure
of participation. Independence is generally understood as having
complete physical control over a task. In occupational therapy,
independence is a highly complex and individualized construct
determined in collaboration between the student/user and therapist
with the end goals of participation, autonomy, self-determination,
and self-expression. The goal varies by person, environment, and
cultural context [7].
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Switch-adapted toys at the school examples include toys and
musical instruments. Switches are also used for activities such as
arts and crafts (e.g. pouring paint), cooking (e.g. using a blender),
and activities for daily living (e.g. using a hair dryer). In academic
activities, switches are used to access digital materials (e.g. playing
video games). The OTs in this study have first-hand knowledge of
working daily with students at the institution and have experience
soldering and sewing to augment toys to attach adaptive switches.
We do understand that not all OTs have these skills. However, we
were fortunate enough to work with OTs with these skills.

Given their experience, we chose to investigate and co-design
e-textile switches with OTs. The paper aimed to understand the
opportunities and challenges of OTs building adaptive soft switches
for their students with ABL. We were also interested in ways we
could incorporate OTs into the design process to encourage them to
make their own iterations of the adaptive soft switches. Therefore,
our paper asks the following research questions:

RQ1: What design considerations emerged through the co-designing

of adaptive soft switches alongside occupational therapists?

RQ2: What are the potentials of using soft adaptive switches in
educational environments for students with acquired brain injuries?

Though previous work such as Slegers et al. [85] have looked into
the potential of co-design assistive technology using 3D printers
with CAD designers and OTs, there is limited work on co-designing
wearable technology with OTs. E-textile switches are easily re-
paired [45], and have easy variability in size and shape for different
abilities [88]. Finally, they can be less expensive than the commer-
cial adaptive switches on the market or the cost of a 3D printer.
In North America, it is easy to purchase conductive fabrics and
other household materials to build the switches. We chose this
method as co-designing with experts allows designers to exchange
knowledge between industries to solve a problem that neither can
accomplish alone [56]. In the domain of brain injuries, most co-
design research focuses on designing for rehabilitation for adults
[78, 91, 93] whereas designing ATs for children and adolescence
with ABI are under-explored.

Our study is split into two phases. In Phase One, we ran two
co-design workshops with 14 OTs from iHope. The first author facil-
itated the workshop over Zoom and taught the group to build three
different adaptive soft switches. After the OTs built the adaptive
soft switches, they had time to explore the switches and brainstorm
iterations of the prototype. In Phase Two, the research team turned
the ideas from the OTs into ten different adaptive soft switch pro-
totypes. During a group interview with the same 14 OTs, we ran a
group interview and presented the iterations during a group inter-
view. The OTs in the Zoom call discussed what they liked and did
not like about the switches and the potential of using the switches
with the students at the institution.

This paper contributes to the field of HCI by presenting our
prototypes of soft adaptive switches for children and adolescents
with ABI. To further the research in adaptive switches, we present
two design guidelines while co-designing with OTs and discuss the
potential of implementing adaptive soft switches in educational
environments for students with ABL
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2 RELATED WORKS

To support our research, we describe current trends in HCI research
around ABI, then describe adaptive switches, literature around the
maker community and e-textile toolkits, and how to co-design with
proxies.

2.1 HCI Research for Acquired Brain Injuries

In HCI, research on acquired brain injuries (ABI) is limited. Com-
monly, researchers tend to focus on mild cases rather than severe
ones with designs that favoured rehabilitation through virtual real-
ity [3, 15, 21, 39, 71]. In addition to the abundance of virtual therapy
approaches for motor and cognitive skills, most of the research
projects were conducted in collaboration with adults with ABI
[3, 21, 28, 60, 66, 69, 71, 86, 95]. We were unable to find any work
that explored design challenges for children and adolescents with
ABIs. We have a unique opportunity to learn from OTs who work
with younger clients and gain insights from their expertise.

2.2 Current Adaptive Technologies

Currently, converting a regular toy or electronics into an adaptive
technology can be modified by purchasing a battery interrupter,
switch control interface (for electronics), and do-it-yourself (DIY)
modifications to the toys. Each example adds a mono-male jack
to the electronic or toy. On the other side of the jack, an adaptive
switch uses a female mono jack to connect to the augmented toy or
electronic. To our knowledge, the switches are hard plastic switches
(example 1), and no one is using soft adaptive switches. According
to Isabelle et al., things to consider when picking an adaptive switch
include the "force required to operate the device, portability, size,
weight, safety, and the need for multiple switch access" [37, p. 37].

There is a heavy focus on using 3D printers and CAD software
to develop cheap adaptive switches for people with disabilities.
For example, theoddartisan on the website Instructables, posted
a tutorial on how to 3D print an adaptive switch [90]. In the lit-
erature, HCI researchers have been co-designing with a range of
therapists [2, 33, 61, 73], non-professionals [14, 34, 73] and people
with disability [1, 63, 79, 89]. However, many proposed solutions
use 3D printers, which are not readily available for many OTs in the
workplace and might require additional training to use the CAD
software independently.

2.3 Maker Movement

The maker movement describes an individual’s ability to make, de-
sign, and adapt things through the use of technology [19, 51, 65, 74],
making the do-it-yourself (DIY) mindset its primary indication
[34, 65, 74]. The movement has increased in popularity over the last
decade due to the advances in personal fabrication technologies,
the lowering cost and increased speed of prototyping [65, 74, 85].
Inside the disability community, there is increased interest in em-
powering people with disabilities to become their own makers
[14, 35, 36, 63]. The empowerment gives people with disabilities
the ability to design customized technology for their needs with
first-hand knowledge of their lived experience. However, some
ABIs result in significant and multiple disabilities that make the
parts of physical and cognitive components of the maker process
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difficult. There is potential for OTs and other healthcare profes-
sionals and caregivers to become the makers. Both perspectives
have to lead to the utilization of do-it-yourself assistive technology
(DIY-AT) by finding online communities and involving users with
disabilities, as well as their caregivers, teachers, and therapist, in
the participatory design, creation and customization of DIY-ATs.
[14, 31, 34-36, 63, 85].

Nonetheless, only a few researchers (such as [45]) have looked at
how crafting e-textiles with OTs can benefit the lives of people with
disabilities. The Skweezee toolkit [22, 67, 92] enables OTs to quickly
design squeeze interactions using everyday materials such as soft
toys to make interactive systems with the integrated development
environment Processing. Similar to the 3D printers, OTs will need
additional training to design squeeze interactions, and it is unclear
if they would use the program without support from programmers.
Other areas of DIY e-textile research include interest in supporting
makers with disabilities on their crafting projects [23-27, 45] or
focusing on accessible clothing [42, 53, 55, 62]. To our knowledge,
there has been limited research on co-designing soft fabric adaptive
switches with OTs for children and adolescents with ABL

2.4 E-textile Toolkits

Constructive assemblies are toolkits of modular components that
can be put together, taken apart, and iteratively built upon [38, 54].
For fast prototyping, toolkits such as LittleBits [4, 5] and Maker-
Wear [49] have hard components that snap together and are easy
for beginners to connect without previous electronics or computing
knowledge. For e-textiles, many toolkits aim to support individuals
in prototyping their concepts. However, many are difficult to iterate
for beginners because of the robust nature of sewn-in components,
which must be taken apart to fix issues [77]. The LilyPad [11, 13] is
an Arduino-based microcontroller toolkit that enables makers to
use e-textile threads with sewable components. Still, this toolkit has
more reusable iterations, such as Craftec [40]. Projects like Quilt-
Snaps [12], iCATCH [70], and Wearable Bits [43, 44] use sewing
snaps to make connections easy to take apart and undo. Other pro-
totyping toolkits aim to support the fashion design process, such
as Mannequette [83], which is a mixer for prototyping analog and
digital interactions on a mannequin, Rapid Iron-on-Interfaces [50]
with iron-on (and iron-off) traces and components. Brookdale [82]
uses sewable "beads" to make prototypes that can withstand the
extreme environment and constraints of runway fashion shows.

A Kit-of-No-Parts [75] is an "un-toolkit" that uses craft supplies
and techniques to support beginner creativity and to use more
accessible materials and tools. This paper uses this approach to
develop an adaptive soft switch prototype that OTs can re-create
with local supplies and materials. OTs constantly use a DIY and
prototyping mindset to develop solutions for their clients, so this
approach ensures that OTs can use our proposed solutions in the
wild [33]. Again, many of these kits require some base knowledge
of programming. As our OT collaborators already have a knowl-
edge base in crafting and sewing, we plan to utilize their skills in
this study to design and fabric simple non-programmed soft fabric
switches which can activate electronics.
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2.5 Participatory Design with Proxies

Though previous researchers have conducted co-design workshops
with participants who were minimally verbal or non-verbal [96], we
were interested in understanding the potential of the OTs being able
to build the soft adaptive switches. The students with ABI at the in-
stitution we were collaborating with do not have the fine and gross
motor skills to make the switches and, therefore, would need the
support of the OTs to build the switches for them. Therefore, there
are opportunities to use participatory design with proxies. Proxies
can include individuals familiar with the user group, such as family
members or experts. Experts are ideal for designing with proxies
because they work closely with the user group and have additional
expertise around supporting them. HCI research projects that use
proxies include Boyd-Graber et al. [8], who used speech-language
pathologists to co-design desktop-PDA systems to support their
clients with Aphasia. Loke et al. [56] designed a framework to sup-
port the design of technology for safety, connection, and reflection
to support social-emotional learning by co-designing with thera-
pists for children with serious emotional behaviour issues. Hamidi
et al. co-designed with special education teachers and adult school
psychologists to design an ambient digital living media display
for children with limited communication. One important aspect
of their discussion of Hamidi et al. [30] is that proxies represent
indirect representation and do not always represent the end users.
However, there are limited challenges and opportunities for co-
designing with proxies when they are responsible for building and
customizing the AT.

3 STUDY DESIGN

To answer our research questions, we developed a study that con-
sisted of design steps and two main phases (see Figure 2). Before the
first phase, the HCI authors brainstormed switch ideas with the OT
second author and then built the three soft adaptive switches we
would teach the OTs in Phase One to build. We will discuss these
in detail in section 4, the design of the three initial soft adaptive
switches. In the study’s first phase, we ran two co-design workshops
and group interviews with 14 OTs from iHope. After the first phase,
the paper’s authors iterated the three initial designs of adaptive
soft switches into ten different prototypes. In the second phase, we
ran a follow-up group interview with the 14 OTs who participated
in the first phase. We presented the ten iterated prototypes and
conducted a group interview.

3.1 First Phase: Co-Design Workshops

This study received approval from our institution’s research ethics
board. After approval, we recruited by email 14 OTs who worked
with students with ABI at iHope through the second author. Eleven
participants were female-identifying and three were male-identifying,
with an age range of 25 - 55 years old. The experience of OTs is
different, ranging from 1 to 5 years. All the participants had learned
how to sew in their OT training, but most of the participants do
not use the skill regularly. Each participant signed a consent form
on Qualtrics XM and received a $20 USD Amazon gift card as
compensation. Participants then received an embroidery hoop and
instructions on basic sewing stitches to practice before the work-
shop.

Cochrane et al.

We ran the workshops in person, in two different classrooms
at the school. We took precautions in ensuring participant safety
while conducting in-person sessions, including social distancing
and masks. The first author facilitated the workshop remotely using
Zoom, whereas the second author was on-site. The other authors
joined remotely because of geographical reasons. Along with as-
sisting the OT participants, the second author also organized the
materials so that the workshop would run smoothly. The workshop
took about an hour and a half to complete. In the first hour, partici-
pants split into groups of two to three participants and built one
of the three adaptive soft switches. For the last half hour, the OTs
showcased their built switches and discussed use-case scenarios
and iterations of each others’ switches in a short group interview.
We asked them questions about what context they would use the
switches in, their preference, opportunities and challenges around
building adaptive soft switches and the tutorial, the use-case of
each of the switch prototypes, and changes they might make to the
adaptive soft switches.

Using thematic analysis [9], the first and fourth authors coded
the workshops into categories. Thematic analysis is a method that
is widely used to analyze qualitative research [9, 29]. We coded both
workshops independently and then met up to agree upon a set of
codes. Then the first author went back to the data to re-categorize
the data again according to the agreed-upon themes. The results
yielded insights along with ten iterations and use-case scenarios
for the adaptive soft switches.

3.2 Second Phase: Group Interview

After the analysis, the research team designed and built ten proto-
types. Due to an increase in COVID-19 cases, we could not meet the
OTs in person and instead showed them the iterations over Zoom,
where we conducted a group interview to gauge their opinions
on the changes we made to the initial prototypes. Using thematic
analysis, the first and third authors coded the group interviews
into categories. We report the results of the three phases in the
following sections.

4 PRELIMINARY DESIGN OF ADAPTIVE SOFT
SWITCH PROTOTYPES

Initially, the research team explored the Instructables website to
brainstorm options on how to design and build adaptive soft switches.
Authors 1 and 2 informally scrolled through Instructables by using
the search term "soft switch". However, all the solutions proposed
on the website were complicated (i.e. used physical computing com-
ponents such as the Lilypad) or required the user to have fine motor
skills. By needing fine motor skills, most of the students with ABI
would be unable to interact with the prototypes. After extensive
conversations among the authors (which included HCI researchers
and an OT), we came up with three rules that gave OTs the ability
to iterate the switches in the workshop.

(1) Only uses equipment that they are familiar with (i.e. thread
and needle). Though all the sensors could be made on a
sewing machine, we decided to solely use hand sewing as
many OTs at the institution were not familiar with using a
sewing machine.
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Authors discussed students with
ABI movement capabilities of
students at the institution.

'

Authors designed initial 3
Adaptive Soft Switches (Push,
Touch, and Movement Switch)

'

14 OTs at the institution signed
Online consent form.
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Phase One

The two co-design workshops included 14 OTs from the institution split into groups of 2 - 3 participants.
Each group was given the materials to make 1 of the 3 adaptive soft switches.

One option the groups built Push
Switch with a tutorial written by
the first author.

One option the groups built
Touch Switch with a tutorial
written by the first author.

One option the groups built
Movement Switch with a tutorial

written by the first author.

-y —

OTs Explored and All three
adaptive soft switches with
adaptive toys.

Y

Group Interview and
Brainstorming Session for Soft
Adaptive Switch Iterations

Y

Authors Redesigned Apative Soft
Switches into 10 Iterative
Prototypes

Phase Two

Y

Authors Presented Iterations of
Prototypes and Conducted a
Group Interview with the 14 OTs

Figure 2: A diagram that visually shows the study design process.

(2) Keep the tutorials simple. Early on we decided that we would
not build any switches that required programming and we

would not be using software (e.g., CAD software) to keep
learning to a minimum.

(3) Our designs included easily detachable wires (via snaps) so
that all the switches were machine washable.

After discussions, we decided upon three adaptive soft switches,
a push, a touch and a movement switch (Figure 3). We chose these
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Male Snap Stuffing

(On each side of switch) (Inbetween the two layers)

Conductive Fabric
(Inside of each layer)

Male Snaps

Cochrane et al.

Stockinette Male Snaps

Braided

Conductive

Conductive Thread
Fabric

Conductive

Fabric

Fishing Weight

Figure 3: (Top) Diagram showcasing the material components of each sensor with (Left) the Push Switch, (Middle) the touch
switch, and (Right) the movement switch. (Bottom) Images of the three different adaptive switches used in the workshop. The
switches are as followed (Left) Push Switch , (Middle) Touch Switch, and (Right) Movement Switch.

three switches because they followed the three design rules that we
developed with the authors and they were easy for the OTs to build
in a single session. None of the switches were based on tutorials
from Instructables, rather they were built on previous knowledge
of the researchers. Each of the three switches used snaps that are
attached to a wire that can connect to a toy or electronic device
(Figure 4).

The push switch (left Figure 3) visually looks like a small pillow.
There are two-piece of conductive fabric sewn onto each side on
the inside of the switch. The more stuffing in the switch, the more
difficult it can be to activate. To connect to the toy, we attached a
female snap to each side of the push switch using pliers. To activate
the switch, you push the two sides together to connect the two
pieces of conductive fabric.

The touch switch consisted of two pieces: one piece is attached
to the body and the other was designed to attach to a mount (middle
Figure 3). The touch switch consisted of two pieces - the first piece
was attached to the mount and included a piece of conductive fabric
glued to cardboard. Device mounts are support arms which can
be attached to tables and wheelchairs. It is common practice to
mount switches so that they are able to be activated. A female snap
was attached to the fabric. The second piece of conductive fabric
was attached to a tube stockinette. Another female snap was also
attached to the conductive fabric. The stockinette could be wrapped

around the hand of the student, who could then activate the toy by
pressing their hand on the piece of cardboard.

Finally, the movement switch (right Figure 3) was activated by
gravity. Sewn onto a long piece of fabric, the switch included a
piece of braided conductive thread with a fishing weight at the
bottom and a female snap attached at the top. On the right-hand
side, a longer piece of conductive fabric with another female snap
was sewn onto the fabric.

Figure 4: Toy dog attached to the push switch.
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Figure 5: Left: First iteration of the touch switch which re-
places the cardboard with a pillow. Right: Small version of
the touch switch with conductive thread replacing the con-
ductive fabric.

5 PHASE ONE: WORKSHOP RESULTS

In this section, we present the results of our analysis of the two
workshops. We organized our results based on three different types
of activities that OTs participate with the students at iHope includ-
ing play activities, everyday activities, and school-specific activities
to work on their motor and cognition skills. All OTs in the work-
shop see the potential of adaptive soft switches used for each type
of activity.

5.1 Adaptive Soft Switches for Play Activities

For any child, engagement in play is an exciting and interesting
way to build motor and cognitive skills. [10]. Adaptive switches
are a great tool to encourage the act of play and give the students
with ABI the tools to interact with technology. The OTs had many
great ideas on how to integrate adaptive soft switches into the
student’s playtime. P4 stated, "we should embed the push sensor
inside of a talking toy so that the [students] could hug or squeeze
to activate it" Though many OTs felt the movement sensor would
not work with their students as they were concerned that their
students would just pull it apart, P2 explained "the sensor could
be inside a ball and the students could hold or kick it without us
worrying they are going to grab the switch a break it". This would
provide access for students to use pushing or kicking movements
to activate the switch. There are limited adaptive switches in the
switches they currently use at the institution that use the lower
body to activate devices and as P2 suggested, would be a great way
to encourage movement and play in the school. Another option to
encourage play would be to attach a larger-sized ball at the end of
the movement sensor so that it would be able to be grasped and
pushed across the desk to activate it. Finally, P6 suggested that the
movement switch "could be activated if it was attached to a hat -
perhaps like a pom pom.”

5.2 Adaptive Soft Switches to Active Devices in
Everyday Activities
The current switches used at the school need to be attached to a

mount. Nine OTs commented on the versatility of the adaptive soft
switches, whereas even the touch switch, originally designed to
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use a mount, would be able to both be attached to different items
in the environment (e.g., a wheelchair) and be attached to the body.
For instance, P1 commented that "parents could even attach one of
the touch switches to the kitchen table and wrap the other around
their kid’s hand to activate a blender in the kitchen".

Unless it is a specific toy designed to be activated with the feet,
OTs found it difficult to use adaptive switches with the lower body.
However, three OTs suggested that the participants could either
strap a small push switch under their foot or have one of the touch
switches wrapped around their foot and the other on the floor
or footrest on the wheelchair. Due to the nature of building the
touch switch, P10 stated that "it would be easy to change the length
and width of the wrap to accommodate a range of different-sized
students." Another issue brought up specifically by P2, and P9 men-
tioned their caution from activating the hard plastic switches with
their head; though, using an adaptive soft switch would alleviate
their concerns of injury.

5.3 Adaptive Soft Switches for School Activities

Four OTs emphasized the importance of customization and options
that adaptive soft switches could provide the students who have
mobility differences. They explained that switches are frequently
accessed via hand or head movements that generally press into
the switch from one direction (but largely dependent on switch
type). Incorporating additional movements such as twisting, pulling,
and pushing with different body parts could impact participation
through ease of switch access. P8 commented that one of their stu-
dents "struggle with holding and pushing their switch at the same
time", however, they "could twist or use another movement pat-
tern to activate the switch". Two of the OTs suggested using these
switches for school-based activities, such as using the switches
to support access to educational materials and for communica-
tion. Three OTs suggested changing the size and shape; producing
and testing the switches could benefit the students. P7 suggested
making a "large push switch that covered a large portion of [their
students’] wheelchair trays". P5 and 6 suggested the addition of an
opening using a zipper to a push-activated switch would allow the
addition or removal of stuffing to increase or decrease the amount
of force/strength for activation. P9 suggested that adding weight
inside the pillow could also improve switch access.

5.4 Limitations and Preferences of the Adaptive
Soft Switches

Twelve out of 14 OTs commented that each of the switches they
built in the workshop could have multiple uses for various types of
activities. As fabric switches have the potential to be located on the
body or close by in the environment, there are many opportunities
to encourage students to interact concerning their movement. Over-
all, 8 participants preferred the touch switch, and 6 participants
preferred the push switch. In its current state, eight participants
agreed that the movement switch was less useful for their students
than the other two switches.

Though a valuable option, there are some limitations of adaptive
fabric switches. Four of the 14 OTs noted that even though they
learned to sew during the training, they do not often use the skill as
part of their job, and found sewing the switches difficult. Secondly,
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two OTs who built the push switch were frustrated that it did not
work at first, then realized that the removal of the stuffing led to
successful activation. Without the support of the designers, they
may not have found the solution for the inactive switch. However,
a simple FAQ could also support the OTs or comments on a form
instead of an HCI designer. Six participants commented that the
conductive fabric was more difficult to work with than the non-
conductive fabric. Finally, all participants noted the time and effort
used to prepare the workshop and acknowledged the difficulty for
people unfamiliar with the process of replicating the setup. One
participant suggested the creation of a toolkit and video tutorials
to support OTs interested in making the switches.

Figure 6: Three iterations of the movement switch. Left: The
first is a ball with a movement switch on the inside. Middle:
The second is a larger version of the movement switch. Right:
The third is a movement switch attached to a hat.

Although it takes time and assistance to learn how to use the
adaptive soft switches, the deformability and adaptability of the
fabric and sewing skills they already have present opportunities
for adaptive soft switches. P12 noted that they "found the tutorial
less overwhelming because of their previous sewing knowledge".
Overall eleven of the twelve OTs felt more confident making cus-
tomization to the switches because of the simplicity and complete
understanding of how the switch works. P11 also noted that "a few
switches that they use regularly to do similar activities that soft,
adaptive switches would be used for were too complex for them to

Cochrane et al.

repair”, and they often had to purchase new ones when they broke.
Additionally, P9 noted that OTs found the quick process of making
the adaptive soft switches and ease of implementation gives them
a lot of ideas to enact the switches into their daily activities with
the students. The OTs unanimously agreed that the benefits out-
weighed the limitations and were interested in building switches
for use during their therapy sessions and in the classroom.

5.5 Phase One: Iterated Prototypes

After the interview data from the workshops was used to iterate the
prototypes, the first and second authors designed and developed 10
prototypes. Each prototype was iterated from the verbal discussion
at the end of the workshop with the OTs. Then the authors of the
paper discussed the ideas and developed their interpretations of
the iterations to present to the OTs in the group interview.

5.5.1 Touch Switches. The OTs suggested two different iterations
for the touch switch. The first (Figure 5 left image) was to change
the cardboard out for something softer so that students that use a
lot of strength to activate the switch would not injure themselves.
Secondly, they thought students who do not like wrapping a large
switch around their body might like something smaller such as a
ring or small piece of fabric (Figure 5 right image).

5.5.2  Push Switches. The OTs suggested four different iterations
for the push switch. First, they thought as the switch is soft it could
be sewn right into the stuffed animal so students could hug the toy
to activate it (Figure 7 top left). Secondly, they thought for students
who liked using different body parts to activate the switch (such
as their head or foot), perhaps merging the touch and push switch
to add a small pillow onto the stockinette (Figure 7 bottom image).
This would alleviate the pressure of finding a place to mount the
second half of the switch. Thirdly, the OTs suggested adding a
zipper to the push switch where they could change the difficulty of
the switch for students that had a range of motor control and grip
strength (Figure 7 top middle). Finally, the OTs suggested making
the switch different sizes so that the students could use different
movement patterns (such as twisting) and a larger switch to fit the
whole area of a wheelchair tray (Figure 7 top right).

5.5.3  Movement Switches. Finally, for the last switch, the OTs sug-
gested three different iterations. The first was to integrate the move-
ment switch inside a ball so that the students could kick it around
in play activities (Figure 6 left). The second idea was to make a
larger version of the ball so students could pick it up on the table
and move it around. As we were iterating this idea, we also added a
cup so the students would have somewhere to place the ball (Figure
6 middle). Finally, they suggested that the movement switch could
be placed on the top of the hat in lieu of a pom-pom (Figure 6 right).

6 PHASE TWO - GROUP INTERVIEW RESULTS

Overall, all 14 OTs noted improvements from the initial three pro-
totypes built in the workshops. In the group interview, the OTs
provided positive feedback on 8 of the 10 iterations. All OTs agreed
that two of the iterations (touch switch around the finger and move-
ment switch on top of a hat) would require movement patterns
to activate accurately, which is difficult for students to complete
consistently.
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Figure 7: Four different iterated push switches. Top Left: The first switch has the push switch sewn into the chest of the dog toy.
Top Middle: The second switch has a zipper sewn into the switch. Top Right: The third includes two different sizes of push
switches. Bottom: The fourth switch has a pillow switch attached to a stockinette.

6.1 Potential of Switches

Contrary to the results of phase one, the most preferred soft adap-
tive switch iteration was the movement switch inside the toy ball.
Three OTs all noted that they had a few younger students not inter-
ested in switches at all, and the idea of embedding a switch into a
toy had the potential to capture their interest and motivate them to
engage with the adaptive switches. P3 suggested adding "multiple
activation points inside the ball". P4 even extended it with a sug-
gestion that along with a ball, "the movement switch could also be
activated inside a tube to encourage alternate movement patterns”.
Though P10 did not have any students that would use the ball, they
were still intrigued by the uniqueness of the switch.

Along the lines of play, an OT in the previous workshop sug-
gested increasing the size of the movement switch to encourage
reaching and target practice for the students. Four OTs noted that
they liked that the switch turned into a tabletop basketball game,
and there were opportunities to play around with the sizes of the
ball for different students’ abilities. P5 stated that sometimes kids
want things to "light up and make cool sounds." This switch has
the potential to be turned into a toy to practice different movement
patterns in a fun environment. As P1 states, it "would help reinforce
different types of movement patterns for the students who do not
usually get visual or auditory feedback."

All the OTs noted the versatility of the push switch. The various
sizes and shapes were supported by different movement patterns,
including force, squeezing, and twisting, which vary depending
on the student’s ability. P4 explained that "the large switch they
currently use with students has a specific movement pattern that
makes it more difficult for the students to activate". P1 suggested
that the push switches could have more than one activation point
to engage in educational activities such as communication. P3 made
an interesting observation by explaining not only can the student
activate the switch during lessons, but there is potential for them to
assist the OT in preparing the switch for the activity. For instance,

they could help by adding or removing stuffing or using a zipper
pull to open or close the zipper on the side of the adaptive switch.

6.2 Wearable Adaptive Soft Switches

P3 noted that for parents who do not have the space or time to
put up a mount, the touch or push switch sewn-on tube wrap can
be easily set up. They also disclose that some of their students
have difficulty with behaviour regulations (for example, P2 stated
their students "like to bang their heads on the switch") and using
pillows on the mount or attaching a push sensor to their bodies
might decrease the need to repair the sensors. Seven OTs discussed
the endless positions on the body where both adaptive switches
could be attached, which are either impossible or uncomfortable to
execute with traditional adaptive switches. For instance, it could
be worn as a headband or attached to the foot. The switch can also
be attached to chairs or tables without much effort. P10 noted "that
there are some students who often miss or struggle activating the
traditional plastic switch" and have a bit more flexibility due to the
size and location of the switches. This would decrease the number
of times the students overshoot their switches.

7 DISCUSSION

In our study, we co-designed soft adaptive switches with occupa-
tional therapists (OTs). Our results showcase ten different iterated
prototypes (Figure 5, 7, and 6). To continue the discourse around
the potential of using soft adaptive switches for ABI, we (1) present
opportunities and challenges of co-designing soft adaptive switches
with OTs in the form of two design considerations and (2) under-
stand the potential of using soft adaptive switches in educational
environments for students with acquired brain injuries (ABIs).
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8 DESIGN CONSIDERATIONS TO CO-DESIGN
WITH OCCUPATIONAL THERAPIST

We consider two important design considerations for any researchers
interested in co-designing with OTs. Though our focus was on the

potential design of adaptive soft switches that could easily be cus-
tomized and built by OTs, we believe that these design guidelines

could be beneficial for anyone interested in co-designing with OT

proxies.

8.1 Design for Familiarity

HClI researchers should consider utilizing skills that their collabora-
tors already have. For instance, the OTs we collaborated with had
two skills we utilized sewing and their knowledge of how adaptive
switches work. HCI researchers have considered familiarity to de-
scribe our experiences with unfamiliar technology. For example,
calling the computer screen a window or the list of commands a
user can complete on an application menu. In modern work, many
HCI researchers still use metaphors to explain complex technolo-
gies to people without a background in computing [32, 72, 97]. We
propose to push this idea further by taking the time to understand
your collaborator’s knowledge and use the knowledge to support
the design process.

In our study, the OTs already had previous knowledge of sewing
and understanding AT technology, and we could quickly instruct
them on how to build the adaptive soft switches and how they
work. Though none of the OTs had used conductive fabric before,
they quickly understood that touching two pieces of fabric together
would trigger the toy and has the same action as when you press
down on a hard adaptive switch. With the knowledge of how to use
conductive fabric to design adaptive soft switches, the OTs could
easily iterate the adaptive soft switches and brainstorm new ideas
that they think would engage the students at the institution. In
future work, we encourage HCI researchers to consider utilizing
familiar skills that their proxies have in the co-design process rather
than teaching them completely new skills. Though we know that
many collaborations will need complexities that include special
skills such as CAD software or programming, we encourage HCI
researchers also to consider designing prototypes that can be easily
built independently by OT professionals. This will encourage OTs
that might not have the financial means and additional equipment
(such as 3D printers) readily available. Secondly, more simplistic
prototypes, utilizing skills that OTs already possess, may make the
prototypes more accessible and assist more people with disabilities.
By employing the skills, the proxies should be able to continue
designing and making their adaptive technologies and comfortably
customize the adaptive soft switches to their client’s needs without
the support of designers or HCI researchers. By designing sim-
ple, easy-to-build adaptive soft switches, we feel that the OTs feel
more comfortable being able to design, customize, and implement
adaptive soft switches into their practice.

8.2 Design for Multi-Users

Co-designing with proxies is a common practice for HCI researchers
to implement for people with disabilities for various reasons, includ-
ing safety [56], and limited ability to participate in the co-design
process [30]. However, though students with ABI are the end users,
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we argue that because OTs are so heavily involved in integrating
the adaptive switches into the school and in the home, they can
also be considered users. Due to the student’s limited cognitive
and motor functions, the students will always need support, and
the school’s goal is to teach the students to actively participate in
home activities (for example, being able to turn on a blender with
an adaptive switch while their family is making dinner). Therefore,
most of the students will always be working with caregivers, in-
cluding OTs. Though many ATs are designed for independence,
we might need to shift our design goals of the ATs for the specific
students at the institution to work on interdependence. Per Bennett
et al. [6] explain that interdependence is a shift to designing AT
so that all people, including people with disabilities, have equal
access. ATs give students with ABI the ability to actively engage
in their environments, including with other disabled individuals
and caregivers and give them the ability to communicate. Though
not tested in this study, OTs stated in our co-design workshop that
the addition of soft switches could make the interactions easier due
to customization of the switch for the users’ motor and cognitive
skills. They feel they have the potential to make interacting with
soft switches more engaging and meaningful.

OTs are also responsible for purchasing the product, understand-
ing how it works, and repairing it when it is broken. Therefore, it
is critical for HCI researchers working with people with complex
or multiple disabilities that the caregivers can be both considered
proxies and users of the assistive technologies. Copley and Ziviani
[16] emphasize that lack of assistive technology use in classrooms
includes staff training and support, insufficient funding, difficul-
ties acquiring AT technology, and time constraints. By designing
with these factors in mind and an emphasis on developing designs
that OTs can build without additional support, we believe adaptive
soft switches have the potential to alleviate some of the concerns
researchers have with the integration of ATs in the classroom.

Repairing ATs extends the life of the technology, and other re-
searchers such as Lee Jones [41] have explored the potential of
e-textiles and the ability to repair them. Unlike plastic materials,
fabrics have a history of being easily repaired, and mending cycles
are quite common to extend the life of textiles which makes the
material ideal to use within educational communities, especially
in educational spaces with insufficient funding. All the materials
needed for the adaptive soft switches are available for an inex-
pensive price and are readily available in online stores in North
America. We encourage HCI researchers to be aware that ATs, espe-
cially with multi- and complex disability end users, have multi-users
that interact with the technology daily. We encourage researchers
to understand stakeholders, proxies, and the different users inter-
acting with the assistive technologies and their roles during the
design process.

9 POTENTIALS OF SOFT SWITCHES FOR
STUDENTS WITH ACQUIRED BRAIN
INJURIES

Our study showcases the importance of collaborating with experts

to design adaptive soft switches for students with acquired brain

injuries (ABI). There is a range of cognitive and motor capabilities
in the students at the institution, which can be supported through
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the materiality of the switches and the ability of OTs to adapt and
customize the switches to the individual needs of the students with
ABI.

9.1 Materiality

In recent years, HCI researchers have discovered the importance of
materiality during the iterative design process. Dourish and Maz-
manian emphasize that within the design, it is essential to consider
specific material properties, including "mutability, persistence, ro-
bustness, spatiality, size, durability, flexibility, and mobility" [20,
p- 1]. Materiality significantly impacts how digital products are
designed and experienced [48] while also prompting us to concep-
tualize the computer as a material that works in concert with other
materials and brings about new user experiences and practices [94].
Though in its infancy, similar to healthcare technology, more AT
products are being developed that emphasize material properties
[59, 87].

Conductive fabric and other e-textiles can potentially support ma-
terial properties for AT technologies such as adaptive soft switches.
For example, textiles with electronic components integrated into
the fabric are durable, inconspicuous, comfortable and often wash-
able [58]. In addition, the adaptive soft switch has the advantages
of stable response, easy manufacturing, and accessible electronic
interface [84]. Recently, with the advancement of fabrication meth-
ods and easy-to-source materials, there has been an increase in
healthcare professionals, especially OTs, integrating the material
into AT.

The OTs involved in our study rapidly fabricated different switches
based on the ABI students’ additional motor and cognitive capabili-
ties. In addition, the OTs could see benefits in building their switches
instead of purchasing ones. The OTs commented that many of the
students at the school are strong, and it is common for the current
plastic adaptive switches to break. Without the knowledge of the
repair, they find themselves purchasing expensive switches quite
regularly. However, by building switches, they gain knowledge
of repair. Other researchers found that having the knowledge of
repair and using open-source technologies increases access to the
technology, reduces cost, and supports sustainability [17, 45].

9.2 Adaptability and Customization

It can be challenging to support the individual needs of the students
with ABI as often their motor and cognitive abilities are on a spec-
trum [81]. In addition, the adaptive switches have to accommodate
different movement patterns. For example, one OT in the study
discussed how having multiple shapes of the push switch would
support a wide arrange of his students. Some can only activate the
switch with a slight movement in their hand, while others enjoy
making more complex twisting movements. The ability for OTs
to easily create and adapt similar switches and customize them in
various ways makes adaptive soft switches ideal pieces of ATs to
use at the school. In our study, we also designed the adaptive soft
switches to be activated with different body parts. For example,
some activities might be more accessible for students to accomplish
by activating the switch with their heads. In contrast, others might
find it easier to activate it with their foot. The design also makes
it easy to merge the switches with toys, such as sewing in a push

TEI 23, February 26-March 1, 2023, Warsaw, Poland

switch inside a teddy bear or having a movement switch inside
a ball. In other studies, HCI researchers have indicated that there
is a high abandonment rate of ATs and that 8 - 75 percent of ATs
fail to meet the needs of the user [18, 76, 80]. Though our adaptive
soft switches did not test in this study, we hope that using adaptive
soft switches and the endless customization options of adaptive
soft switches have a higher chance of implementation inside class-
room activities. Other researchers second this conclusion by noting
that ATs need to be adaptable and support customization for their
diverse customers [68].

Previous Research [85] has suggested that OTs and CAD design-
ers should participate in the design process and assist each other.
But not all OTs have access to CAD and connect with CAD de-
signers. Moreover, OTs often work with clients long-term, whereas
collaborations with HCI researchers and designers do not last as
long. ATs need to be constantly modified and repaired. It is vital to
ensure that when other designers leave the project, they can con-
tinue to use and adjust these switches based on individual clients.
Given the complexity and constant change of natural work environ-
ments, switches being able to support customization is essential. We
believe that adaptive soft switches can be adaptive to the client’s in-
dividual needs and have enough flexibility for customization where
we hope to reduce abandonment.

10 LIMITATIONS AND FUTURE WORK

Our findings showcase the importance of co-designing with occupa-
tional therapists when designing adaptive soft switches for students
with acquired brain injuries. The most significant limitation of the
work was that we did not collaborate with the institution’s students.
Though our first study wanted to focus on the potential of collab-
orating with occupational therapists, we do not want to lessen
the importance of HCI researchers collaborating with people with
disabilities on assistive technologies. However, due to numerous
factors and safety concerns, including the COVID-19 pandemic, it
made more sense to focus on this preliminary collaboration with
OTs for the initial study. As emphasized throughout the paper, if
the OTs struggled with developing and being part of the iterative
process, it would not have made sense to introduce the switches to
the students because once the HCI researchers had stopped collab-
orating with the OTs, there was a higher chance of abandonment.
However, in future work, we plan to introduce an iterative version
of the adaptive soft switches to the students with ABI and integrate
them into the teaching environment. Secondly, we are interested in
collaborating with other proxies such as speech therapists in look-
ing at opportunities to use the fabric assistive technologies in their
practice. Finally, we plan to work with the staff at the institution to
disseminate tutorials and other resources so OTs, caregivers, and
even people with disabilities will be able to construct their adaptive
soft switches.

11 CONCLUSION

In this paper, we present our co-design workshop with occupational
therapists and follow-up group interviews to inform the design
of adaptive soft switches for students with acquired brain injury.
Through the workshop prototypes and interactions of the switches,
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we identified two design guidelines for co-designing with OTs, in-
cluding Design for Familiarity and Design for Multi-Users. We also
discussed materiality, adaptability and customization in designing
adaptive soft switches for students with ABI. We hope these strate-
gies can support future projects around helping the community to
build assistive technology for people with disabilities.
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