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Abstract— The use of e-textiles in healthcare, rehabilitation,
and well-being (referred here as assistive e-textiles) is spreading
for its obvious benefits, such as monitoring of physiological
signals and vital signs. Although there are versatile studies on
individual applications of assistive e-textiles, there are not many
that include in the design process a wide variety of stakeholders
who have roles in development or use of assistive technology. To
provide stakeholder-oriented design knowledge regarding the
development of assistive e-textiles, we organized five
multidisciplinary ideation workshops for 50 participants with
different backgrounds and roles. Many distinct ideas were
created that targets a diverse set of users from different age
groups, ability levels and even for non-human actors.
Participants came up with ideas related to work environment,
rehabilitation, healthcare, and daily life. This article presents
those findings and discusses how those can help designers and
researchers in the field.
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[. INTRODUCTION

Wearable applications in healthcare, rehabilitation, and
well-being have had an ample amount of interest in the recent
years. Particularly, with the growing number of people
needing healthcare and rehabilitation and the limited resources
in these fields, wearables, such as garments, rings, and
patches, which can monitor physiological signals and vital
signs, such as heart rate, respiration rate, blood pressure, pulse
rate, blood oxygen saturation, glucose levels, body
temperature and skin perspiration [1]-[5] have become
valuable resources for those fields.

E-textiles are an especially interesting part of wearables
and relevant to healthcare and rehabilitation fields, as clothing
is already part of our daily living, and those fields require
wearing and deploying many different types of clothing for
different occasions (in this study, the concept of the e-textiles
refers to all pieces of clothing with smart technology, such as
garments, gloves, and shoes).

There is a growing interest to the utilization of e-textiles
for a wvariety of applications in the healthcare and
rehabilitation, as well as in the broad field of well-being
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(referred in this study as assistive e-textiles). For example,
monitoring cardiac health [6]-[8] and depression [9] by e-
textiles have been studied a lot lately, as well as the
possibilities that e-textiles have diagnosing, preventing, and
managing various health-related problems [2][9].

Involving stakeholders in the design process from the
beginning is critical and, especially in fields where the
stakeholders have experiences that are hard to relate to, such
as healthcare and rehabilitation, involvement of stakeholders
from the beginning has been found critical by previous studies
[10][11]. For example, occupational therapists (OT) have
been successfully involved in co-design creation of 3D printed
‘do-it-yourself assistive technology’ (DIY AT) [12], 3D-
printed assistive technology [13] and DIY toolkit for smart
soft objects [14], which has shown that OTs, as experts, can
create tools that will help their clients, and it was beneficial to
include them in the making process. As the interest in co-
design of assistive technology has been rising lately, it would
be important to also research the viewpoints of
multidisciplinary experts on assistive e-textiles. Therefore,
there is a need and a motivation for studies creating
stakeholder-oriented design knowledge that can help
designers and researchers who work on assistive e-textiles to
benefit from.

To fill this gap, we organized five multidisciplinary
ideation workshops for 50 participants with different
backgrounds and roles in development or use of assistive
technology in healthcare, rehabilitation, and well-being, and
subsequently thematically organized and analyzed the ideas
obtained via the workshops. In the workshops, we aimed at
gathering concrete needs based on clinical expertise or the
newest higher education teaching. In this article, we present
our findings, and discuss how those can help designers and
researchers in the field by giving practical directions. We
expect the results of this research to be beneficial for
researchers and companies developing e-textiles, for whom
the results can work as support for the design process, as well
as for experts from the fields of healthcare, rehabilitation, and
well-being, for them to understand the future potential of e-
textiles and start asking for specific technology solutions.

The work has been funded by the Academy of Finland (decisions 332168, 337861 and 337653).
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II. BACKGROUND

In healthcare, a dominant subject for research on assistive
e-textiles and other wearables has been cardiac health and
cardiac monitoring [6]-[8]. In addition, studies have, e.g.,
examined monitoring depression [9], breathing in sleep apnea
patients [15], and movement of bedridden patients [16].
Through monitoring of physiological signals and vital signs,
wearable solutions can also help to diagnose, prevent and
manage several health-related problems (e.g., epilepsy,
diabetes, cardiovascular illness, Parkinson’s disease) [2] [9].
Further, e-textiles and other wearables can help in
rehabilitation in versatile ways [2][17] —for example, by
measuring the patient’s movement and eliciting muscle
contraction during function [17], by monitoring body postures
in movement or in a static state [18] or by providing stimulus
(e.g., haptic, change of temperature) to the user [2][19].
Furthermore, assistive e-textiles can be used to develop
individually targeted training programs and to prevent injuries
[2]. As a final example, research around smart gloves, as
alternative and augmentative communication (AAC) to either
support or replace verbal expressions has been active [20][21]

As described, the utilization of e-textiles and other
wearables in healthcare and rehabilitation is getting more
widespread each day. Although e-textile research has shown
advances in materials and manufacturing methods, true
industry-scale commercialization is still uncertain [22]. Other
wearable technologies, such as smartwatches and rings, have
gained a larger market share than e-textiles [23][24]. Also, it
has been hard with the e-textiles to achieve the same demands
as ordinary textiles: for example, flexibility, stretch, wash
durability, and wear comfort [23][25]. According to [26],
users of e-textiles need them to be affordable, fashionable, and
enjoyable. Further, consumers’ versatile body sizes and
shapes need to be considered [23]. Unfortunately, many times
the development of e-textile-based products begins as
technology-driven, and the real users of the developed new
products are taken into the development process at its end,
when the product is almost ready, whereas they should be
considered early at the design stage [10][11][27]. Although
there have been studies on many individual applications in the
fields of healthcare and rehabilitation, there is a lack of studies
that explore the broader design space for assistive e-textiles.
In this study, we aim to address this problem with a
stakeholder-oriented approach in the process of ideation for
assistive e-textiles in healthcare and rehabilitation.

III. IDEATION WORKSHOPS AND DATA ANALYSIS

This study investigated who the people are who could
benefit from assistive e-textiles, what assistive e-textiles could
be used for in healthcare and rehabilitation, and how assistive
e-textiles could be used in this context. Answers to these
questions were attained via five ideation workshops that were
held in spring 2020. The ideas obtained via the five workshops
were organized and analyzed thematically.

A. Participants

The workshops were organized in four different
organizations for a total of 50 people. The education or
profession of the participants is presented in Table 1. The aim
of the workshops was to bring together a wide range of experts
and experts to come in the fields of education, social and

TABLE 1. WORKSHOP PARTICIPANTS’ EDUCATION OR

PFORESSION
Participants’ education / profession N
Teaching staff (occupational therapy, logopedics,
. 10
psychology, physiotherapy, technology)

Physiotherapists 3

Engineer 2

Speech therapist 2

Occupational therapy student 27

Not published' 6

'Information is not published, because person may be identifiable due to professional title.

health care, and health technology in order to gain the widest
possible and most multidisciplinary view of smart clothing
applications. The participants were selected through
purposeful sampling, which is a technique widely used for
identifying and selecting individuals or groups of individuals,
who are especially knowledgeable about or experienced with
phenomena of interest [28], which in this study were
healthcare and rehabilitation contexts. The profession of six
participants is not published, because a person may be
identifiable due to their professional title.

B. Workshops

As a research methodology, the workshop’s purpose is to
gather data for the topic discussed [29]. The Zoom video
meeting service was used as a platform for the workshops.
The workshops were recorded. There were 5—15 participants
in a single workshop, and each workshop lasted 2—-3 hours.
Each participant attended only one workshop. Every
workshop was held by 5-6 researchers. Three of the
researchers focused on practical implementation, such as
giving instructions, screen controlling, and scheduling. The
rest of the researchers sustained the conversation and asked
questions to help refine the ideas collected from the
participants. The main phases of the workshops are presented
in Fig. 1. In ideation, the participants were wanted to focus
on quantity rather than quality, since, as [30] points out,
remarkable ideas are usually the result of the combination of
many distinct ideas created by the group of people. The idea
behind having many ideas without focusing on their quality
is that they prompt discussion and, as a result, the
combination of several different ideas usually leads to more
useful results [31][32].

C. Data Analysis

The ideas were examined by thematic analysis, by
categorizing the ideas in an inductive way [see, e.g., [33]].
Firstly, the researchers familiarized themselves with the data
(by watching the recorded videos) and then all the ideas
written by the participants from the ideation slides were
moved to one text file. In case the written idea remained
unclear, the discussion about it was reviewed in the video
recording. If the transcriptions of the recorded workshop
videos held any new ideas that weren’t in the ideation slides,
they were also added to the text file.

Next, the ideas were grouped into three separate files
according to the three research questions. The ideas were
more closely examined and initially categorized by six
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Fig. 1. Main phases of the workshops.

researchers. After the first categorization round, the
categories were discussed and reviewed. If necessary,
categories that overlapped were grouped together. Next, the
subcategories for each of the research question were formed
by three researchers [see e.g., [34]]. The categories were then
reviewed again by four researchers, who were not included in
the original subcategorization. This phase took place to make
sure that multiple perspectives were considered [34]. The
titles of the categories were polished, and some examples of
the ideas were noted down (see Tables 3, 4 and 5). While
polishing the categories, two researchers also counted how
many ideas were included in each category. The number of
ideas occurring in the workshops were discussed to elaborate
the overall understanding of the ideas presented and to
support the descriptive documentation of the results. Finally,
the occurrences of each category were compared among the
five workshops.

IV. RESULTS

About 500 ideas related to the research questions were
created in the workshops. The discussion was very lively, and
the ideas developed and were seen from new viewpoints
during the workshops.

A. Who could benefit from assistive e-textiles?

As seen in Table 2, the participants’ ideas in answer to the
first research question were divided into three main
categories: people whose ability to function is typical, people
whose ability to function is limited, and animals. The first two
categories were mentioned in all workshops, but the last one,
animals, was mentioned in only one workshop (Table 2). Also,
the total number of produced ideas was tremendously higher
in the first two main categories (total of 124 ideas) compared
to the third main category of animals (total of 3 ideas).

In all of the workshops participants found that people of
all ages could benefit from assistive e-textiles. There were
ideas ranging from unborn babies to elderly people, covering
about all areas of our lives—for example, work, studying,
leisure, sports and surveillance.

As we move on to more specific ideas, different levels of
ability to function (typical and limited) was a topic that was
much discussed and to which many ideas related. Therefore,
people whose ability to function is typical and people whose
ability to function is limited, forms the first two main
categories in Table 2. People with physical limitations or
communication difficulties were seen as potential assistive e-
textile users in all five workshops (Table 2). E-textiles were,
for example, seen as user-friendly interfaces for smartphones,
tablets and computers, and thus tools to expand the limitations
caused by a physical or communication disability. As an
example of this, one participant said: “It [assistive e-textile]
allows different users who may not be able, who do not have
cognitive abilities to use complex devices, such as telephones

or something else, so they are able to participate with these [e-
textiles]”. In a few (two and three) workshops, participants
mentioned that people with autism spectrum disorder or with
attention issues, respectively, could benefit from e-textiles. A
participant suggested, for example, that the e-textile could
give feedback to the user—for example, children with ADHD
(attention-deficit/hyperactivity —disorder) or difficulties
concentrating—that now is the time to go calm down outside
the classroom.

TABLE 2. THE CATEGORIES AND SUB-CATEGORIES OF WHO
COULD BENEFIT FROM ASSISTIVE E-TEXTILES. THE CROSSES
MARK IN WHICH WORKSHOPS EACH CATEGORY WAS
MENTIONED.

Category WS1 WS2 WS3 WS4 WS5

People whose ability to
function is typical X X X X X
(total 11 ideas)

People whose ability to
function is limited X X X X X
(total 97 ideas)

People with memory
disorders

Physically disabled
people/people with X X X X X
motoric challenges

People with autism
spectrum disorder

People with
communication X X X X X
difficulties

People with sensory
impairments
People with attention
issues

Animals (total 3 ideas) X

The smallest main category, animals, is also worth
highlighting. The workshop ideas related to animals were
about, for example, monitoring animals (vital signs, pain) and
helping the animal owner take care of the animals in
depending on the feedback given by e-textiles. The need for
such assistive e-textiles is supported by the reported
substantial increase in veterinary care spending [35]. Research
also shows that quality of life and pain management are
particularly important to pet owners [36], not to forget farmed
animals and expensive racehorses. Even though in this study
it arose in only one workshop, animals could be a valuable e-
textile user group, also considering the interaction with pets in
the context of healthcare (e.g., emotional support animals).

B. What could assistive e-textiles be used for?

Participants came up with total amount of 241 ideas about
what assistive e-textiles could be used for (Table 3). Ideas
were categorized based on the environment or situation in
which the idea is used. Four main categories were found:
work environment, rehabilitation, healthcare, and daily life.




Apart from healthcare, the other three main categories were
further divided into subcategories. Examples of ideas related
to different subcategories are presented in Table 3.

Ideas for work environment and daily life were created in
all workshops, whereas ideas related to healthcare and
rehabilitation were produced in three and four workshops,
respectively (Table 4). Mof the ideas produced in workshops
were related to daily life, which is an interesting result.

Most of the ideas in the category of work environments
were related to safety and ergonomics. These ideas concerned
people in different fields, for example, radiation workers in
healthcare as well as nuclear power stations. Several ideas also
pointed out that e-textiles could help identifying and
monitoring things related to well-being at work and workload.
It has been studied that individual exposed to the same
stressors at work will respond and cope with those stressors in
diverse ways [e.g., [37]]. As one participant said: “The same
work task is not as stressful to others so then there could be
the individual work arrangements” [based on the information
received from the assistive e-textile solution]. Also, school
environments (from the perspective of work environments,
e.g., teachers, school helpers) were actively discussed. It was
brought up that in a classroom, one or two adults are generally
responsible for 25+ students. By following the emotions of the
students, it would be, for example, possible to have a break
when a certain percentage of the students start to become
restless.

In the category of rehabilitation, ideas were created related
to neurological, mental health, speech and language, and
bodily (e.g., physiotherapy, occupational therapy)
rehabilitation. E-textiles were envisioned to be used especially
for assessment, follow-up, and feedback. For example, one
participant noted that occupational therapists have different
therapy methods concerning self-regulation and emotional
regulation and thought that assistive e-textiles could be used
as a new type of aid in rehabilitation and therapy. Several
participants ideated that with the help of e-textile, children
could tell or show how they feel and in which body part the
feeling is felt. This could help them in expressing their
emotions and communicating about them. It was also brought
up that assistive e-textiles could benefit everyone involved in
the rehabilitation process: it could benefit the customer and
close ones as well as the therapist. As one participant stated:
“With ADHD children there is a lot of practice around
relaxing, staying still, and monitoring one’s own body,
alertness, that’s where it is going. It would be interesting to
see how the child can calm down on his own and how much
there is going on”. One example mentioned regarding to
calming down was that the e-textile could play music if the
child moves just a little and if they start to fuss around the
music stops. Another participant explained that the idea is not
that the child should be completely still, but to learn how to
regulate their own movement. One very timely topic was the
potential use of assistive e-textiles for e-rehabilitation, which
has been especially on the table due to the COVID-19
pandemic but also has been an active research area during the
last few years [e.g., [38][39]].

The third category, healthcare, included ideas related to
both patients/customers and workers in healthcare and social
service. Participants discussed that e-textiles could be used to
measure things, for example, sweat or heart rate, in hospitals
or at patients’ homes, and the results could be transferred
directly to a doctor’s phone or computer. They thought that

both the patient and the doctor would then benefit from the
assistive e-textiles, and patients’ follow-up could be more
efficient and constant. Such e-health, like e-rehabilitation, has
been actively studied and developed recently [40][41], for
example, to respond to the growing number of patients,
improve patient safety, and provide efficiency and cost
savings. It was said multiple times that e-textiles could also be
helpful in preventing pressure ulcers. One participant said: “If
you think, like in healthcare, turning the patients or changing
their positions [is] done at certain intervals, but it is possible
that someone would need it more often than others”. There
were also multiple ideas related to different patient groups,
such as people with epilepsy or narcolepsy. Many participants
brought up how useful it would be if the e-textile could warn
about a coming epileptic fit. This could possibly increase the
patient’s safety as the epileptic fit starts.

Considering the category of daily life, the ideas were
versatile, for example, the possibilities of e-textiles being used
to control surroundings and to support executive functions or
communication were discussed in all workshops (Table 4). As
one participant ideated, assistive e-textiles could be a user
interface through which the lights dim, or the TV channels
change, or a way to remotely connect with somebody. This
would suit both people with limited ability to function (for
example, to support independent living) and people with
typical abilities to function (just to make life easier).
Emotions, expressing and recognizing emotions, as well as
emotion regulation were brought up in three different
workshops. One participant said that both children and adults
can have challenges in recognizing their emotions in daily life,
and e-textile garments could provide guidance for taking
control of the emotion or even warnings, for example, in the
case of anger. In people with Asperger syndrome or high-
functioning autism, difficulties with emotional expression and
mood regulation are widely discussed in the literature [e.g.,
[42]]. Finally, ideas for hobbies and free time (e.g., riding,
jogging) and sports (e.g., monitoring and setting a pace) were
brought up in three workshops. It especially seems that e-
textile-based body monitoring technology could benefit
healthcare, rehabilitation, as well as work and daily life.

TABLE 3. WHAT COULD ASSISTIVE E-TEXTILES BE USED FOR?
EXAMPLES OF THE IDEAS PRODUCED IN THE WORKSHOPS.

WORK ENVIRONMENT
in different fields e.g., industry, office, social services and health care
. Safety and ergonomics: one’s own security and ergonomics
e.g., work clothes and protective equipment in different
conditions/circumstances, dirt, radiation, communication
with device
- Research: e.g., measurements, observation, and
documentation in human sciences
. School: e.g., group management (e.g., when it’s time for a
break), to help concentration in lessons
REHABILITATION
e.g., assessment, follow-up, feedback, practice, maintaining
functioning/functional ability, desensitization (“hypersensitive people™),
activation, motivation, remote therapy, encouraging participation,
practicing self-regulation, for everyone involved in the rehabilitation
process, reducing/inhibiting perseveration
. Neurological: e.g., neglect
. Mental health: e.g., circadian rthythm, optimization of
medication time and effect of medication on sleep,
relaxation exercises
. Speech and language: e.g., speech and language therapy:
articulation, pragmatic skills, narrative, interaction, word
finding, vocabulary, linguistic concepts
. Bodily: e.g., physiotherapy, occupational therapy, remote
therapy, practicing sequences and control of movements,
learning posture, ergonomics, recognizing body movements




and tension, recognizing posture, to support movement,
touch desensitization, feedback, muscle activation,
perception of surroundings
HEALTHCARE
e.g., measurement (sweating, blood sugar, fetus) and follow-up
(breathing, COVID, heart rate, blood pressure, sleep), different patient
groups (e.g., sleep apnea, diabetes, epilepsy, narcolepsy, cerebral
vascular accident /stroke, muscle diseases), home care, hospital care,
pain relief, pressure ulcers
DAILY LIFE
e.g., intelligent/smart driving, measurement (steps, UV radiation, body,
movement, eating/drinking, alertness, sleep), focusing of the look,
distances and location, to remind/wake up/raise the alarm
. Safety: e.g., calling for help, user warning; anticipation of a
seizure, fall, etc.; supervision; to attract attention
. Control of the surroundings: ¢.g., use of devices, functions
of the home environment (opening of doors, regulation of
lights and voices)
. Executive functions: e.g., dressing, supporting the living at
home, independent action/operation
. Communication: e.g., in noisy environments, sign
interpretation
. Emotions: e.g., expressing and recognizing emotions,
emotion regulation
. Hobbies and free time: e.g., orienteering, riding, jogging
. Sports: e.g., monitoring and setting a pace for the
performance, eSports, coaching

TABLE 4. THE CATEGORIES AND SUB-CATEGORIES OF WHAT
ASSISTIVE E-TEXTILES COULD BE USED FOR. THE CROSSES
MARK IN WHICH WORKSHOPS EACH CATEGORY WAS

TABLE 5. HOW COULD ASSISTIVE E-TEXTILES BE USED?
EXAMPLES OF THE IDEAS PRODUCED IN THE WORKSHOPS.

USER INTERFACE

. Input

s Touch: e.g., wrinkling, squeezing, rubbing, brushing, stroking,
wipe, claps, touch series, intensity of touch, slap, accurate
vs. coarse, body to body — multiple people, single — own
body, body to object, class/degree of urgency with different
touch

= Buttons: e.g., button location, intensity of pressing

s Writing and drawing

s Gestures and movements: e.g., turning/transforming gestures
into speech

s Voice, speech, airflow, eye control

. Output

= Haptic, light, color, voice

FEATURES

. Automaticity: activates when wearing, unnoticeable,
automatic feedback, alarm, no deployment

. Customizability: e.g., favorite cloth, accuracy adjustment,
individual placement, and programming, tightening and
temperature changes, adjustment of size

. Other features: e.g., cloth/garment learns, identifies
movements and pressure, charges from the movement

TEXTILE

- Clothing items: e.g., glove, band, insole, shoe, cap, sock,
collar, sequin garment, bodysuit/overalls, pressure garment

- Other textiles: e.g., bedclothes, mattresses, seat cushion
cover, soft toys, pillows

FLOW OF INFORMATION

- To the user/from the user: e.g., information to the wearer,
professionals, or close relative; to receive information from
other with the help of the piece of smart clothing,
communication with other people

. Real-time/delayed: collecting real-time information/data for
later processing; to transfer data to another form or another
device

MENTIONED.
Category WS1 WS2 | WS3 | WS4 | WSS
Work environments . . X X .
(total 30 ideas)
Safety and ergonomics X X X
Research X X
School X X X X
Rehabilitation (total 77
ideas) X X X X
Neurological X X
Mental health X
Speech and language X X X X
Bodily X X X X
Healthcare (total 34 X . X
ideas)
Daily life (total 100
. X X X X X
ideas)
Safety X X X X
Control of the
. X X X X X
surroundings
Executive functions X X X X X
Communication X X X X X
Emotions X X X
Hobbies and free time X X X
Sports X X X

C. How could assistive e-textiles be used?

In the case of research question “How could e-textiles be
used?”, the ideas produced in workshops were categorized
into four main categories: user interface (how would the e-
textile work, i.e., input and output), features (what features are
needed in e-textiles), textile (what kind of e-textiles are
needed, for example, garments, shoes, sheets, pillows), and
flow of information (to/from the user, real-time/delayed), as
shown in Table 5.

In the category of user interface, participants in all
workshops ideated that assistive e-textiles could be controlled
by different forms of touch. This was also seen as way to
overcome physical limitations; as an example, one participant
said about communicating through gestures: “Those users
may not always be able to learn such required gestures but it
[the e-textile] should be able to define that when you do this it
means that...”. Thus, touch-based inputs were seen as an
adaptable and user-friendly way to control e-textiles.
Especially interesting was that in all workshops, the
participants ideated e-textile inputs that were not connected to
the textile itself, such as using voice, speech and eye control
as inputs to the e-textile. Also, airflow was brought up as an
input, as one participant created an idea that the e-textile
inputs could be navigated by blowing (airflow) the textile.
Further, participants suggested several types of output (e.g.,
haptic, light, color, voice), which shows that different kinds of
stimuli are needed for people with various needs and
preferences.

Individual needs surfaced also in the category of features,
as customizability was one of the most-discussed topics.
Many participants thought that the e-textile should be
comfortable and in a suitable place and size for the individual,
not to forget that it should look good. For example, the
challenges in current smart watches were discussed. One
participant said it is challenging, as “the watch must touch my
skin to monitor my heartrate, which makes it challenging to
see the watch”. It was further discussed whether smart
watches could be replaced with elastic reflector bands, for
example, to also avoid skin irritation. According to the
participant comments, it should also be possible to adjust the



e-textile and its features and user interface. One participant
particularly said that users may not always be able to learn the
required inputs and the e-textile should be adjusted to the
needs of the individual. In addition to customizability,
automaticity was also considered an important feature,
because it was thought that some of the users might have
difficulties starting the e-textile device and it would also make
the use of the e-textile more unnoticeable. As has also been
previously studied, in an ideal situation, the technology
becomes a part of its user’s life instead of a distraction from it
[43].

In the category of assistive textiles, a surprisingly wide
range of other textiles (besides clothing items) were brought
up—for example, bedclothes, mattresses, and pillows (Table
6). Versatile pieces of clothing were mentioned, starting from
shoes and gloves to overalls (Table 6). Specific clothing items
were mentioned in three workshops, whereas other textiles
were specified in two workshops. Based on these viewpoints,
future intelligence could be integrated into any textiles around
us. For example, one participant said: “When monitoring
patients in a hospital, it could be either a shirt or a mattress as
long as there would be something [an assistive e-textile]
available that registers the movements of the patient”.

Although there were only eight ideas in the category of
flow of information, this topic came up in all five workshops.
It seems that it would be important that the information
passing through the e-textile could pass from the user to
another person and vice versa in real time. Information could
be shared to outside experts, such as nurses or doctors, but also
to close contacts, for example, for monitoring a relative from
a distance. However, as some participants pointed out, it is
also important for the user to be able to stop the flow of
information when desired. Further, not all types of data need
to be shared to other people. As brought up by a participant,
there are cases when it is only necessary to save data for
possible later processing (either by the user or by an outside
expert).

TABLE 6. THE CATEGORIES AND SUB-CATEGORIES OF HOW

ASSISTIVE E-TEXTILES COULD BE USED. THE CROSSES MARK IN
WHICH WORKSHOPS EACH CATEGORY WAS MENTIONED.

WS WS WS WS WS

Category 1 2 3 4 5
Functioning (total 60 ideas) X X X X X
Stimulus quality (input) X X X X X
Touch X X X X X

Buttons X X X
Writing and drawing X X
Gestures and movement X X X X

Voice, speech, airflow,

eye control X X X X X
Stimulus quality (output) X X X X X
Haptic,‘}(i)%ilé, color, < < X X X
Features (total 31 ideas) X X X X X

Automaticity X X X
Customizability X X X X
Other features X X X X X

Textile (total 24 ideas) X X X
Clothing items X X X

Other textiles X X

Flow of information (total 8
. X X X X X
ideas)

To the user/from the user X X X X X
Real-time/delayed X X X X X

V. DISCUSSION

When we consider who could benefit from assistive e-
textiles, i.e., e-textiles with applications in the fields of
healthcare, rehabilitation and well-being, the participants in
all workshops found that people of all ages could use them,
and there were ideas ranging from unborn babies to elderly
people. Ideas were created for people with different levels of
ability to function (typical and limited in different ways), and
when considering what e-textiles could be used for, the
created ideas for daily life (for example functions of the home
environment, such as opening of doors, regulation of lights,
communication in noisy environments, hobbies, such as
orienteering, riding, jogging and eSports) seem to be
beneficial to different types of people, also for people without
any special needs. Interestingly, these ideas for daily life were
created in all workshops, whereas ideas related to healthcare
and rehabilitation were produced in three and four
workshops, respectively. Thus, although the participants of
the workshops were from the fields of healthcare and
rehabilitation, they especially found assistive e-textiles to
benefit our well-being in our everyday lives in versatile ways.
These results are in line with recent research, such as hats
used to listen to music or answer phone calls and socks to
measure foot pressure and walking distance [3]. It is also
worth highlighting that despite the focus was only on human
users, the participants created ideas also for animal e-textiles.
Even though in this study it arose in only one workshop,
animals could be a valuable new e-textile user group, for
example by taking advantage of assistive e-textiles
monitoring animals (vital signs, pain).

When further considering what e-textiles could be used
for, the created ideas in the category of healthcare, where
measurements (e.g., sweating, blood sugar, fetus) and follow-
up (e.g., breathing, COVID-19, heart rate, blood pressure,
sleep), as well as specific patient groups that could benefit
from such technology (e.g., diabetes, epilepsy, narcolepsy,
cardiovascular illness, muscle diseases), were brough up, are
in line with the earlier studies [1]-[5][9]. Further, according
to the created ideas, e-textiles could benefit different forms of
rehabilitation (neurological, mental health, speech and
language, and bodily) in versatile ways (e.g., assessment,
follow-up, feedback, activation, motivation, remote therapy).
While the other forms of rehabilitation are supported also by
recent technical research [e.g., [2][17]-[19]], according to our
literature check, the use of e-textiles for speech and language
therapy seems to be very unstudied field. Thus, that is seen as
a topic where multidisciplinary collaboration (engineers,
designers, and speech and language therapists) is needed. It is
likely that the participants (being professionals from fields
and healthcare and rehabilitation) have been familiar with
assistive e-textile applications in their fields at least in some
level. Another major category in what e-textiles could be used



for, according to the participants’ opinions, are different work
environments, which were mentioned in all workshops. This
category has been actively studied from the viewpoints of
safety, where e-textiles can, for example, detect critical heat
levels for firefighters or give an alarm if a fisherman falls into
the water [5]. However, schools as work environments, which
were actively discussed in four workshops, seem to be a less
studied category, which indicates that another interesting
multidisciplinary collaboration is that between engineers,
designers, and teachers.

When considering how assistive e-textiles could be used,
although the focus of the workshops was originally on
wearable e-textiles, a surprisingly wide range of other textiles
were brought up by the participants—for example,
bedclothes, mattresses, and pillows. Such e-textiles have
recently been studied [e.g., [10]], and they could further
widen the possibilities of assistive e-textiles. For example, e-
textiles in forms of soft toys were discussed in one workshop.
Soft toy-integrated electronics are especially interesting
options for children with special needs. They could also
provide the desired customizability; each child could get the
needed assistance from the favorite toy. In an earlier study,
where occupational therapists were asked to use a DIY-
toolkit to turn everyday soft objects into smart devices, it was
noted that these smart devices, such as soft toys and pillows,
could be used to, for example, fine motor exercises or balance
and coordination exercises [14]. When considering the
features of e-textiles, customizability and automaticity were
much brought up, as the use of such technology solutions
should be easy. Similarly, earlier research outcomes have
indicated that sustainable design interventions in healthcare
need to come with clear information and personal guidance
[10].

It was a bit surprising that sustainability was not a topic
brought up in the workshops. The integration of electronics
into textiles raises new challenges to garment sustainability,
for example, by making recycling the pieces of clothing very
hard [44]. The United Nation’s Sustainable Development
Goals [45] should also be applied to assistive e-textiles. When
e-textiles are developed for mass production and for
extensive use in our daily lives, the sustainability issues must
be considered from the beginning of the product development
process. Many times, the electronics in e-textiles utilize
environmentally harmful or scarce materials, or even toxic
chemicals, which increase the environmental risks of both the
e-textile industry and the actual e-textile garments [44].
However, it has been stated that even though e-textiles have
sustainability risks, they can be more sustainable than normal
clothes, but the e-textiles need to offer better user value,
longevity, and user attachment [46].

As mentioned, industry-scale commercialization of e-
textiles is still uncertain [22]. Ref. [47] recently discussed
challenges and important issues in the development of e-
textiles, including ethics, operating features, reliability-
related issues, legislation and regulation, design process,
comfort and design, cost and commercial potential, and
health issues. Even though the participants in these
workshops were instructed to create ideas freely and
without thinking of the technical implementation, it is
worth taking a short look at the feasibility of some potential
technical solutions behind the created ideas. The electrical
circuit in e-textiles is often done from conductive yarn or
conductive textiles [20] or conductive inks and conductive
polymers [3], which can be seamlessly integrated into
textiles and already provide suitable electrical properties.
A variety of sensors are used in e-textiles today, for
example, moisture measurements using resistive [48] or
capacitive [49] sensors. Further, fully functional products
have been created, which answer the needs brought up in

the workshops. For example, an electrocardiography shirt has
been reported [50], which feels like a normal compression
cloth. However, even though the sensors in that shirt are
comfortable, they need proper compression to function
reliably, which may be uncomfortable to many users. Hence,
the sensor development is an essential part of a truly
comfortable and reliable e-textile, and there is a lot of
research work to be done in that area. Furthermore, many of
the developed measurement solutions need a battery, usually
a lithium polymer (LiPo) battery [3], but there are not many
battery technologies that would be comfortable,
indistinguishable, and endure washing in a washing machine.
Some e-textile sensors use energy harvesting [S1] or wireless
power transfer [52], but even in these cases, usually some
kind of an energy storage is needed. Promising studies using
supercapacitors as energy storage have been done, and the
supercapacitors can be manufactured for e-textiles with
processes that are widely used in the textile industry, such as
screen printing and spray coating [51]. The use of
supercapacitors enables battery-free e-textiles [52] but a
small, indistinguishable, washing machine-durable energy
storage solution is one thing to be further studied and
developed before e-textiles can be truly adapted to our daily
lives.

VI. CONCLUSIONS

Although there have been versatile studies on e-textile
applications in the fields of healthcare, rehabilitation, and well-
being, there has been a lack of studies that involve in the design
process a wide variety of expert stakeholders who can benefit
from assistive e-textiles, i.e., e-textiles with applications in the
fields of healthcare, rehabilitation, and well-being, and transfer
their expectations and thoughts. This study is responding to the
lack of wide-perspective studies on who the people are that could
benefit from assistive e-textiles, what assistive e-textiles could
be used for, and how assistive e-textiles could be used. The
answers to these questions— opinions of experts from
healthcare and rehabilitation—were gathered in five
multidisciplinary workshops.

The workshops resulted in ideas for people of all ages
from newborns to elderly, as well for people from a typical
ability to function to versatile people whose ability to
function is limited. Further, some ideas for animal e-textiles
were presented. Participants came up with a total of 241 ideas
about what assistive e-textiles could be used for. Four main
categories were found: work environment, rehabilitation,
healthcare, and daily life. The main categories of how
assistive e-textiles could be used (a total of 60 ideas) were
user interface (how would the e-textile work, i.e., input and
output), features (what features are needed in e-textiles),
textile (what kind of e-textiles are needed, for example,
garments shoes, sheets, pillows), and flow of information
(to/from the user, real-time/delayed).
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