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Abbreviations: ADL, activities of daily living; AD, assistive 
device; TAD, textile-based assistive device; UCD; user-centered 
design; PIADS, psychosocial impact of assistive devices scale; 
QUEST, Quebec user evaluation of satisfaction with assistive 
technology

Introduction
More than one billion people globally require at least one 

consumer product to assist with activities of daily living (ADL) 
and this number is anticipated to double within ten years.1 ADL are 
the fundamental skills such as mobility, bathing, and eating that 
are considered essential for independent self-care and can be used 
to assess rehabilitation and disability levels.2 Products used for 
assistance with ADL include wearable assistive devices (ADs), some 
of which are fabricated partially or entirely from textiles. Examples 
of these wearable textile-based assistive devices (TADs) include 
rehabilitative knee, arm and wrist braces, splints, shoulder slings, 
and other soft orthotics. While these devices are designed to produce 
a physiological outcome (e.g. improve body mobility), the full user 
experience with an assistive device is more complex and multifarious, 
often including psychological and emotional components. Further 
to this, many devices are at least partly visible when worn (e.g. not 
hidden under other items of clothing), thus the wearing of an assistive 
device may serve as a visual cue, indicating that the wearer’s health 
status has changed, potentially resulting in feelings of isolation and 
stigmatization in the wearer.3

A lack of attention to multisensory elements in the design and 
development of some categories of textile-based assistive devices 
(TADs) has resulted in products that compound stigmatization, 
contributing to negative outcomes such as abandonment or rejection 
of the device.4 Multisensory elements can be defined as visual, tactile, 
auditory, olfactory and gustatory. While vision and touch are the 
dominant sensory experiences associated with consumer perceptions 

of products,5 other sensory inputs, including smell, also play a role.6 
These inputs shape the practical, experiential, and affective aspects 
surrounding product ownership. When engaging with a product, its 
sensory properties and functionalities impact the way a user feels, 
behaves, and appraises the product.7,8 

To understand the multifaceted TAD user experience, sensory 
responses associated with usage must be identified and examined. 
To provide these necessary insights, the current study focused on 
how multisensory properties of TADs are understood and expressed 
by users and caregivers. The study also examined the impact that 
sensory inputs have on utilization effectiveness, social identity, and 
self-image. Caregivers were included in the data collection process as 
they are indirect users of TADs, especially if they are involved in the 
daily use, such as donning and doffing (putting on and taking off) of 
such devices. 

A qualitative approach was adopted for this exploratory study, 
involving an online survey for data collection. The survey consisted 
of closed and open-ended questions, designed to establish a baseline 
understanding of user and caregiver multisensory experiences relating 
to their engagement with textile-based assistive devices. Findings 
from this study could provide insight for product designers, developers 
and healthcare practitioners so that multisensory experiences can be 
given greater consideration as inputs in the design and development 
of future TADs. Additional design considerations may allow TADs to 
move beyond the purely functional and corrective to provide greater 
emotional and sensory engagement for the user. 

Literature review

Assistive devices take many forms and can incorporate multiple 
technologies. Expectations of such devices include helping, enabling, 
enhancing and allowing users to perform some type of activity.9 
Success of an AD is measured primarily by its ability to help a user 
perform a specific function, either through active or passive means. 
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Abstract

Researchers have defined and measured functional attributes of assistive devices, yet there 
are multiple dimensions of a device worn temporarily or for life that remain unexamined. 
The purpose of this study was to explore how the sensory attributes of assistive devices 
impact consumers in order to build a foundation for a holistic approach to product 
development. Two online surveys targeting wearers of textile-based assistive devices 
(TADs) (n=29) and caregivers (n=8) were used for data collection. Survey questions related 
to sensory experiences (visual, tactile, auditory, olfactory) and describe how device usage 
and purchasing was impacted. Results suggest that multisensory experiences of users and 
caregivers involve more complexity than functionality alone. Multisensory effects were 
diverse in both groups. Some expressed a desire for their device to be more visible and 
expressive, while others chose not to use, expressing fear of judgment based on visibility. 
Insight into multisensory aesthetics and how design can be used to conceal, reveal, or 
provide opportunities for self-expression, as well as avoid embarrassment for the wearer, 
will help designers understand how assistive devices can be improved and developed to 
meet the needs of individuals with disabilities. Findings suggest that existing measures of 
success should include questions about sensory attributes. 
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Research has suggested that consideration of user-based needs, 
such as aesthetics, self-expression, and functionality, should also be 
incorporated into the ideation and realization of assistive products, 
to increase user engagement and experience.10–13 However, most 
academic research into the design and development of ADs in general 
has focused largely on measuring the degree of functional assistance 
offered, as well as assessing outcome effectiveness.14–16 Few studies 
have focused on aesthetic and self-expressive criteria specifically for 
TADs17 using a multisensory approach. 

Attention to aesthetics, which are often operationalized through 
multisensory attributes, does have implications for the user and 
caregiver. The success of an assistive device is often contextual. In 
a temporary disabling situation, rehabilitation might depend on a 
person’s reintegration into society, return to work and participation in 
meaningful sociocultural practices. For an individual with a chronic 
disability, the assistive device becomes a lifelong part of a user’s daily 
external identity kit. In either case, the emotional impact of a TAD 
that is worn on the body, typically over, under and in conjunction with 
clothing, can be negative. Product design researcher Elsa Rosenblad-
Wallin stated that the symbolic value of clothing, which is found in 
the impression the wearer gives to others, should offer self-esteem, 
respectability, group membership, status, and confidence.12 This 
value should also be offered by TADs, and is of utmost importance 
to individuals who use assistive devices on a long-term basis, as the 
external self becomes entwined with their disability. As noted by 
rehabilitation researcher Brookes (1998),18 ADs of any type can be 
a signal that someone is disabled or is different from others. Users of 
ADs have mentioned that the lack of aesthetic consideration in product 
design contributes to a “product-for-disabled” label.4 This can make 
social inclusion challenging, not only due to physical impairments, 
but also because individuals with disabilities encounter discrimination 
based on physical appearance.19

Active discrimination based on physical appearance can lead 
to feelings of stigmatization on the part of the user of an assistive 
device. As sociologist Grue (2016) said about assistive products, 
“It is the people who use them – who are seen to use them – that 
unambiguously appear as disabled in public (p. 961)”.20 When 
stigmatization leads to avoidance or abandonment of assistive devices, 
there are detrimental implications for mental and physical health as 
well as social participation.21 Goffman (1963) introduced visibility as 
an important factor in the stigma experience. Having a highly visible 
stigma, such as a potentially stigmatizing product, causes a person to 
be discredited.22 Jones et al.23 defined stigma as a mark that links a 
person to undesirable characteristics.23

Design strategies based on user input can offer effective solutions 
for augmenting or deemphasizing features of assistive devices, as 
well as elevating the aesthetic impact of a device for those who might 
use it as a means of self-expression. In large part due to disability 
activism in the last ten years, an increasing number of individuals 
publicly identify with a disability culture, that is, a culture formed by 
a shared set of beliefs, values and behaviors around the construct of 
a disability.24 This trend is leading to efforts in combating negative 
narratives surrounding disability by instead celebrating disabled 
individuals as capable and thriving members of society. The queer-
crip movement, for example, has located parallels between the 
marginalized status of queer and disabled communities, and subverts 
the idea that disabled people should hide their disabilities.25

As assistive devices and technologies are outward facing signifiers 
of disability, it is no surprise that much of the focus in reshaping 
cultural constructions surrounding disability have centered on 

assistive devices. On a commercial level, DIY customizable designs 
which highlight the device, rather than masking it, are seen in many 
slings and braces sold online on sites such as Etsy.com. Profita 
(2017) found that customization of ADs is an important element in 
granting individuals agency, ownership, and pride in wearing a device 
commonly associated with marginalization.26 However, there is limited 
literature connecting identity construction and disability to guidance 
in the design and development of enhanced ADs on a larger scale. 
Identifying these complex social ties could lead to the development of 
devices that not only support functional independence, but also allow 
users to maintain and celebrate their culturally defined social roles. 

Despite the fact that ADs can reduce environmental barriers and 
enhance independence, one third of devices are abandoned after three 
months to five years of use.21 Given the high rate of abandonment, user 
experience relating to aesthetic preferences and direct, multisensory 
engagement with a device should be examined. A greater understanding 
of preferences as they relate to visual, tactile and auditory experiences 
specifically, could enable further understanding of why users prefer to 
conceal or reveal their device, or reject it altogether.

User-centered design approach

The current study was set up to elicit information from users of 
TADs about their experience. As such it is based on the practice of 
User Centered Design. The user-centered design (UCD) approach has 
been advocated and studied for some years in response to a perceived 
lack of attention on the part of the design community to genuine human 
needs. Keinonen (2010) explained how UCD is a “need-satisfying 
orientation” and can move “from a limited usability engineering 
paradigm towards more socially focused and interventionist user 
experience.”27 In the context of medical products, it has been found 
that understanding and responding to user needs during design and 
development results in products that improve patient safety and 
device effectiveness, and reduces product recalls and modifications.28 
UCD has also played a role in the process of innovating assistive 
products. Mallin and Carvalho (2015) found that when UCD is 
applied, the potential to enhance assistive equipment with stylistic, 
formal, functional, and emotional qualities is increased, matching the 
designer’s ideas with the real needs of users.29 Connecting designers 
with user needs is critical when taking into account that disability is 
a highly personal and individual experience. As designers themselves 
may not be directly engaged with the limitation and outcome for which 
they are developing products, gathering input from those who will 
engage with the product creates an empathic link to users’ emotions.30 
This in turn can inform design choices that will increase the potential 
of success in the product. This user input, traditionally confined to 
the purely functional aspects of devices, should be augmented with 
multisensory user needs and desires. 

Multisensory engagement to inform product design 
and development

When interacting with a product, users gain pleasure or 
displeasure from senses that are activated. This sensory activation 
may be in response to the texture of a product, the noises a product 
makes, how it smells, etc. Sener and Pedgley (2015) argued that in the 
absence of satisfactory sensory activation, a product may still provide 
functionality but will offer far less pleasure.31 Understanding a user’s 
multisensory evaluation is critical as it influences their overall attitude 
toward the product and purchase intentions.32 Multi-sensory design 
therefore seeks to enhance the functionality of products, as well as the 
desirability to use and interact with a product.8 When applied to apparel 
design, consideration must be given to not only the visual appearance 
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of a garment and the user-clothing-environment interaction, but also 
in the pleasure perceived through all sensory modalities. Matté et al.33 
referred to this as the “psychological comfort of clothing (p. 55)”.33 
This concept logically extends to ADs, as sensory interactions are 
fundamental in shaping the experience for a user and impacting the 
longevity of product usage. 

Metrics for assessing ADs

Various scales have been developed to predict discontinued use 
or abandonment of assistive devices to improve understanding of the 
user experience. The Psychosocial Impact of Assistive Devices Scale 
(PIADS) was developed to measure the impact of ADs in three areas; 
functional independence, well-being, and quality of life.34 This 26-
item scale includes questions that examine to what extent the device 
helps the user, makes them feel empowered, and impacts their self-
esteem. The PIADS has been translated into several languages, and 
it is used in both clinical and research contexts to study the impact 
of assistive technologies and predict use/abandonment.35 While the 
scale has been shown to be reliable, it does not define the specific 
attributes of a device or technology that either positively or negatively 
impact the three areas measured. In other words, implementing 
the scale will only show part of the user experience story. Another 
tool is the Quebec User Evaluation of Satisfaction with Assistive 
Technology or QUEST 2.0. This is a 12 item measurement tool to 
assess user satisfaction with their product specifically in the realms of 
Device and Services. The Device items measure the physical aspects, 
including weight, durability, and effectiveness in meeting needs. The 
Services item relate to maintenance and follow-up. It has been tested 
in Europe and North America and supported as relevant for measuring 
user satisfaction.36 The QUEST 2.0 does include questions about 
some of the physical features of the device (weight, dimensions, and 
fastenings), however, like the PIADS, it does not provide data related 
to multisensory attributes. While the work that went into validating 
both scales is worth emulating, additional measures are needed to 
examine how the particular components of a device (color, texture, 
weight, fit, smell) relate to its psychosocial impact.

Methodology
The objective of this study was to assess whether and to what degree 

multisensory attributes (visual, tactile, auditory, olfactory) impact 
user and caregiver experiences with TADs, to provide data useful to 
future designers of TADs. To achieve this objective, an exploratory 
research design was selected to gather in-depth preliminary data from 
a small purposive sample of active users of TADs and caregivers who 
work with TAD users. Two surveys were created – one directed at 
users and the other at caregivers – which contained both closed and 
open-ended questions about experiences with TADs and specifically, 
how multisensory attributes played into those experiences. 

Sample selection and recruitment

After receiving IRB Human Subjects approval, recruiting began 
among a network of potential participants already known to the 
researchers. They in turn contacted others in their network, using 
a chain-referral or snowball sampling technique to recruit more 
participants for the study. The researchers used their connections with 
rehabilitation centers, university rehabilitation programs, and sports 
medicine clinics to promote the study through email and word of 
mouth. To participate, individuals had to have been wearing TADs 
for at least a week, or, in the case of caregivers, have worked with 
someone who had worn TADs for at least a week, and be at least 18 
years of age. Caregivers were included in the study because they play 

an active role in the care process and are able to provide a different 
perspective on device use and management. The aim was that this 
sample would present expanded data that goes beyond what users 
can observe from their subjective point of view, including the impact 
device use has on physical functioning and psychosocial conditions. 
The recruitment process resulted in a total sample of N= 67, with 
N=52 users of ADs and N=15 caregivers.

Survey method

Two surveys were constructed, one for users of TADs and one for 
the caregivers. TAD users were asked about their own experiences, 
while caregivers were asked about the experiences of their patients/
clients. The two surveys, which were administered and completed 
online, began with IRB consent protocol, then moved into screening 
questions, including information about the nature of the user’s 
disability, the length of time that the TAD was used on a daily basis, 
and for how long the TAD had been in use. Subsequent questions 
were grouped by topic, including visual appeal, design modifications, 
the impact of visual appearance on the choice to wear the device, and 
tactile, auditory and olfactory attributes. Open-ended questions at the 
end of the survey focused on reasons for modifying, purchasing, or 
choosing not to wear a device. Finally, demographic questions were 
included to build a profile of the participant groups and to assist in 
aggregating categories of data. 

Data analysis

The user and caregiver surveys were analyzed separately 
to determine any differences and/or patterns in the data, and to 
benchmark initial discovery of information. In both cases, initial 
information related to demographics, including diagnosis, type of 
TAD, acquisition, and duration of use were analyzed using descriptive 
statistics. Data relating to each of the sensory attributes were analyzed 
using both descriptive measures and thematic identification of open-
ended responses. Finally, any data representing similarities and 
differences between user and caregiver experiences were identified 
and described. 

Results - Users
A majority of the user group were aged between 18-24 and in 

total, just over 80% were 54 or younger. The user group presented 
themselves as predominately female, with a majority having an 
educational level at Bachelor’s degree or above (~46%). Racial 
distribution for the user group skewed in favor of white (62%) with 
17% reporting mixed race and 4 people reporting other. There was 
one Black and one Asian participant. Almost 50% reported incomes 
of over $75,000 putting the sample above average household income 
level for the United States, which was $62,521 in 2020.37 

The majority of diagnoses experienced by the users of TADs 
(n=29) were ligament injuries and muscle sprain, followed by 
fractures (Figure 1). Other diagnoses mentioned included stroke; 
arthritis, Spinal Cord Injury (SCI); ACL; carpal tunnel; hyper 
mobility; tendonitis; tissue disorders and varicose veins, showing a 
wide variety of physical impairments in the sample. Users were able to 
select multiple diagnoses on the survey as applicable to their situation. 

Type of TAD and usage breakdown

The majority of assistive devices referred to in the study were 
used for the upper body, including hand/wrist braces (n=12) and 
shoulder braces/slings (n=10). Other devices mentioned included 
ankle/foot orthotics (AFOs) (n=8), knee braces (n=5), compression 
socks, finger braces and a neck brace (1 each) (Figure 2). Participants 
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reported obtaining their TAD through a prescription from a health care 
professional (n=15), as well as over-the-counter (10 online and 9 in 
store), with a couple of participants stating that their physical therapist 
“made” their TAD and one who stated that theirs was provided to 
them directly by their physician. 

Figure 1 Distribution of disability diagnoses among User group.

Figure 2 Distribution of types of TADs among User group.

When asked how the TADs assisted their condition, a slight 
majority of users (59%) stated that they helped with pain. Other 
benefits listed included increased mobility and stability in joints; 
decreased joint stiffness, and helping with subluxation (having a 
spinal vertebra out of position) issues. When asked about negative 
effects of their TAD, 41% had not experienced any negative effects, 
but some experienced skin irritation; device slippage; decreased 
functionality; pain and drawing unwanted attention. Fifty two percent 
of participants stated that they wear their TAD for a few hours each 
day (n=15), with about 25% wearing it 24 hours a day. The term of 
required use was evenly split between a short duration (one week to 
three months) and indefinite. The majority had been wearing their 
device for less than three months at the time of the survey, however, 
27% had been wearing their device for more than a year. 

Sensory attributes 

The first sensory aesthetic attribute under investigation related to 
visibility. One hundred percent of respondents agreed that the device 
was visible to others when worn, and 64.3% stated that they chose 
not to wear the device due to its appearance. When asked about their 
opinions of the visual appeal of their device, 79% of users disagreed 
with the statement “I find my Assistive Device visually appealing”. 
Sixty two percent were not satisfied with the design options available 
to them; 75% agreed that color choice influenced their decision 
when purchasing an assistive device and that fabric surface design 
(or pattern) influenced their purchase decision. Sixty two percent 
of respondents indicated that the style of the device influenced their 
purchase decision (we gave examples of sporty, formal, casual or 
trendy as stylistic options), while 86% agreed that fit is an important 
factor in making purchase decisions. Fit was included in the visual 
appeal category because if a device does not fit the part of the body 

correctly, it can have an impact on appearance and comfort, and 
potentially impact the desire of the user to wear the device. 

When asked how comfortable they were wearing device in social 
situations, respondents were fairly evenly split between agreeing 
and disagreeing. No one was neutral on this topic, suggesting that 
people have strong perceptions and opinions about it. Respondents 
were asked to elaborate on the situations where they preferred not 
to wear the device and written responses included references to both 
social and functional concerns. Users reported not wanting to wear 
their devices on formal occasions; occasions when there are “a lot 
of people around” (larger social situations); occasions when they 
are with people who know them and situations where they want to 
“impress/look good.” One user remembered not wanting to wear their 
device “when I was younger and had not accepted disability as much.” 
Social/functional crossover occurred for some users who reported not 
wearing their device; at work because “people ask what’s wrong”, 
“while in the office, when I will be seen on camera” and “when I’m 
trying to work and it inhibits/limits my ability to function”. Some of 
the responses to this question focused on specific aspects of social 
activity, such as eating outside the house, because it may become 
more difficult to hold utensils. One user offered further explanation 
of their decision: 

I have definitely experienced prejudice and discrimination 
multiple times before, so sometimes I chose not to use the things I 
need to stop that from happening as much. I experience a lot more 
micro aggressions in times when I may “appear” more physically 
disabled.

One of the survey questions related to how users modify or 
customizing their device. Some respondents mentioned that they had 
decorated their device. One stated: 

I have done this with many devices over the years and it makes 
a big difference in both my own mental health and also how others 
interact with me. I decorate my hearing aids most frequently, and 
second to that I decorate my cane (and past crutches) a lot.

Another respondent mentioned:

When I was wearing my ankle boot for a long time my dad 
modified it and took out the sock insert and painted the whole book 
a matte black color because I wanted the look to be fully one color 
instead of the pops of red that were on it before at the straps/buckles.

It is notable that one user customized their device to draw attention 
to it, while the other wanted their device to blend in more. 

The next set of questions in the survey were directed towards 
eliciting responses to the tactile quality of TADs. Participants were 
evenly divided over whether or not their device irritates their skin. 
However, when asked to respond to the statement: “I like the way my 
device feels against my skin”, 76% of participants either disagreed 
or remained neutral, 66% participants agreed that the texture of the 
device influenced their decision to wear it and 75% agreed that texture 
influenced the length of time that they wore it. It is important to note 
that the question was not value-driven, that is to say, the texture could 
have been an encouragement or a deterrent, pleasant or unpleasant. 
These results indicated that texture does seem to influence wearability 
of a TAD in some way, and a majority did not like the way the device 
feels against the skin. It appears that texture influences their decision 
to wear their TAD and the duration of time that it is worn. 

In response to questions about auditory attributes of TADs, 
he majority of participants agreed that their device makes a noise 
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when they put it on and take it off, however they reported different 
experiences with the device in motion. Almost half agreed that the 
device made a noise when the wearer moved and the other half 
either disagreed or remained neutral to this statement. The majority 
of participants indicated that noise does not influence their decision 
making to wear the device. 

The researchers also wanted to understand the influence of 
olfactory attributes on the wearability of devices. When asked to 
assess the statement “The smell of my device is acceptable to me”, 
the respondents were evenly split between disagreement, agreement 
and remaining neutral. Over half agreed that the smell of their device 
changed as they wear it (no time range stated in the question). The 
numbers were also evenly split on whether smell affects wearability, 
with about half agreeing that the smell of their device does impact 
their decision to wear it, and about half disagreeing. One participant 
reported: “When it is new, it does not smell pleasantly [sic].”

When asked if they would like to share other information and/
or changes that could be made to the look and feel of their device, 
participants made many suggestions, including: “Less medical please. 
The ability to change color or have a more neutral color choice 
would be nice”; and “I would absolutely love to see brighter more 
interesting colors that fit my personality like maybe purple, blues, 
greens, oranges, etc.” Participants also suggested: “stitched lettering 
that says ‘Don’t ask.’”; “More fashionable”; “More similar to a piece 
of garment rather than a medical device”, and “Different colors and 
slimmer fit.”

Results – Caregivers
In total, there were eight usable surveys completed by caregivers. 

This small respondent rate did not allow generalizable conclusions to 
be drawn; however, some findings, which relate to the user respondent 
pool are reported here. 

The first set of questions asked respondents about the interaction 
between the assistive technology and the person/s for whom they 
have responsibility. The majority of devices were used to help with 
fractures and ligament injuries, and represented a wide variety of 
devices, primarily for the upper body. Like the user group, caregivers 
were permitted to select multiple responses to these questions. 

Sensory attributes 

Six of the caregivers (86%) stated that the devices were visible when 
worn and six disagreed to varying extents that the assistive devices 
were visually appealing, which is in line with user responses. Five 
disagreed that they were satisfied with the design options available, 
and six agreed that color influenced their purchasing decisions as a 
caregiver, a finding that is aligned with the user responses. 

When asked to describe the feel of the devices their patients were 
using, respondents used the following terms: constrictive, hot, bulky, 
and sweaty. Six out of the seven disagreed that the person they care 
for likes the way the device feels against their skin, while five agreed 
that the device irritates the skin of the person they care for. Six people 
felt the texture or feel of the device influences the decision of their 
patient to wear it, but only one person said their patient chooses not to 
wear the device because of its feel. Results for auditory and olfactory 
attributes were inconclusive, aligning with user findings. 

When asked to name the factors influencing purchasing decision 
of a TAD for the person they take care of, caregivers responded that 
durability, fit and texture were the most important factors. Fabric 
and color were listed as factors in purchasing decisions. Qualitative 

responses included: “protective devices can often cause rashes from 
rubbing” and “there are a lot of straps that can be noisy when taking 
the boot on and off.” Caregivers primarily made suggestions for 
functional changes, such as improving ease of washing, donning and 
doffing, etc, however, one participant suggested: 

It would be great if there was a way to transfer artwork to braces 
or the ability for an individual to customize the outside appearance 
of something they (or their team) had to wear continuously 

This response demonstrates the ability of caregiver to think 
empathetically regarding sensory concerns as well as purely functional 
ones.

Discussion
This research study was intended to address the researchers’ 

assumption that multisensory engagement impacts user and caregiver 
experiences of Textile Based Assistive Devices. The results of 
the study reveal information about users’ and caregivers’ sensory 
experiences and perceptions, and how these might affect the success 
of a textile-based assistive device (TAD). Only eight caregivers fully 
responded to the survey, however almost all the findings align with 
comments made by the users. Further research may locate the unique 
value caregivers can offer in the development of assistive products. 
In the context of user-centered design, it is possible that caregivers 
can provide an empathic link to designers through their firsthand 
experiences in working closely with users of an assistive device. 

The majority of TADs reported by users in the study were designed 
and prescribed for upper body usage, such as shoulder, arm, wrist 
and hand) followed by lower body (leg/ankle/foot). The TADs were 
mostly prescribed to be worn daily for a few hours. Users specified 
either very long term/unknown duration or short-term duration (less 
than a month) which suggests that users were looking at a temporary 
“cure” for a problem, or were faced with long-term usage for chronic 
conditions and would be wearing TADs as part of their daily wardrobe 
choice. It is possible that there is a difference in user attitudes between 
those needing a “temporary fix” versus those incorporating a TAD 
into their wardrobe in the long-term. 

All respondents verified that their TAD is visible to others and over 
half chose not to wear it due to the appearance, especially in social 
situations. They expressed a fear of judgment and the reactions of 
others to disability as reasons for these decisions. This aligns with 
previous research that has shown ADs are abandoned due to potential 
stigma and the ways in which an AD can challenge cultural identity. 
One respondent mentioned the triggering medical look of devices and 
wrote: 

Many people also have medical trauma that can be triggered by 
the specific look or feel of a device, or just bad memories they don’t 
want to be reminded of. 

Morton, Cogan, Kornfalt, Porter and Georgiadis (2020) in a 
study on how hospital attire impacts patient well-being, found that 
people living both with a chronic condition and without associated 
the wearing of hospital clothing with a specific role (being “sick”), 
relinquishing control to medical staff.38 For those living with a chronic 
condition, they also experienced emotional and physical vulnerability 
when wearing hospital attire. In addition to the findings of Morton 
et al., other studies have associated the medical “look” with feelings 
of depersonalization, stigmatization, devitalization, low social status 
and lack of privacy. As painful memories of medical trauma related to 
assistive devices were mentioned in the current study, this may merit 
further research. How can the design of devices address these feelings, 
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and/or disrupt negative thought patterns? Specifically, what aspects of 
the device are traumatizing - single features, or the overall medical 
“look”? For those who are recovering from disabling situations, are 
there associations and reminders of being disabled and not in control 
of one’s life?

Color, fabric design, style and fit were all important factors for the 
majority of users. Users wanted customization to fit their own style, 
and more than half said they were not satisfied with design options. 
This implies that there is a need for greater design options and 
improved visual aesthetics. Customization and efforts to embellish/
decorate/ personalize devices was mentioned by two respondents 
aged under 25 and playful examples were given such as using stickers 
and patches to embrace youthful tropes. 

In instances where users mentioned wanting to visually modify 
their TADs, the goals ranged from embellishment for self-expression 
to neutralizing color to avoid highlighting the device. Aesthetic 
customization is found in other devices, such as hearing aids and 
cochlear implants, and users share customization tools and techniques 
in online communities.39 One user stated: 

I think as a trend most people who are chronically ill or use 
assistive devices long term or everyday tend to want to customize 
and have ownership/reclaim these devices, while people with more 
shorter term conditions, or older people tend to not want this. Of 
course that depends on the person, but from personal experience and 
community connection I have seen that how you experience disability 
socially shapes how you want you devices to look.

I think as a trend most people who are chronically ill or use 
assistive devices long term or everyday tend to want to customize and 
have ownership/reclaim these devices, while people with more shorter 
term conditions, or older people tend to not want this. Of course that 
depends on the person, but from personal experience and community 
connection I have seen that how you experience disability socially 
shapes how you want you devices to look.

This finding resonates with research on social connection among 
teens with disabilities. In a study aimed to understand how disabled 
teens cope with stigma, it was found that teens felt a greater sense of 
belonging with others who have a disability and create friendships 
in the context of the oppression that accompanies being disabled.40 
Just as teens commonly form and express their collective identities 
and social connections through fashion choices, self-expression could 
also extend to a wearable device. Given that textile materials can 
be modified through a range of surface design techniques (painting, 
printing, dyeing, stitching), further research may locate what 
additional expressive and customizable features can be integrated into 
TADs. It is possible that being able to update the appearance of a 
device as one ages may encourage prolonged use. Further research 
may examine the myriad ways users express identity, among age 
groups and socioeconomic backgrounds, and how that connects to 
preferred features in TADs over time. 

There were fewer comments on customization efforts among the 
older respondents; however, this does not indicate that this age group 
is more accepting of the appearance of their devices. More than half of 
the respondents, across all age groups, said they were not satisfied with 
design options of currently available devices. This implies that there 
is a need for greater design options and improved aesthetics, beyond 
customizable features. For instance, understanding what is causing a 
“bulky look” (internal boning, thick materials, or Velcro® and other 
closures) would be useful in developing devices that aesthetically 
appeal to a broader range of users.

It was also reported that some TADs make sound, primarily 
when donning/doffing. It would be worthwhile to explore what 
features of the device generate sound, especially in use, since this 
can cause unwanted attention. In addition, unpleasant smells were 
mentioned. It would be meaningful to investigate the materials and 
finishing treatments that cause this and how unpleasant smells can 
be minimized. It cannot be determined whether olfactory attributes 
affect wearability, however, it can be acknowledged that consumers 
are aware of smells in their TADs.6 Auditory attributes figured more 
prominently in the donning and doffing of devices than in the wearing, 
however, in general, results on sound and smell were inconclusive for 
both participant groups. 

Conclusion and recommendations
Many people need assistive devices, both temporary and 

permanent, and this is likely to increase as the global population ages. 
Many of these devices incorporate textiles. The design and production 
of TADs focuses primarily on functional aspects because many are 
FDA approved medical devices and are prescribed by medical 
professionals to facilitate treatment and recovery. However, the user 
and caregiver experience with these devices may be more complex 
and deserves further investigation. 

Defining the role multisensory aesthetics play in user preferences 
can lead to positive outcomes in an area that has long received 
negative user feedback. Users have mentioned the lack of aesthetics 
in products contributes to a “product for-disabled” label.4 When this 
stigmatization leads to avoidance or abandonment of assistive devices, 
there are detrimental implications for social participation, as well as 
mental and physical health.21 

Insight into aesthetics and how design can be used to conceal, 
reveal, or provide opportunities for self-expression, as well as avoid 
embarrassment for the wearer, will help designers understand how 
assistive devices can be improved and developed to meet the needs 
of individuals with disabilities. Ultimately the aim is to contribute to 
the development of assistive devices that restore and support function 
without hindering social participation. 

Further investigation should include the recruitment of medical 
professionals, designers and manufacturers to understand other 
aspects of the phenomenon. It is also important to widen the number 
of user and caregiver participants to begin segmenting groups of 
users with similar devices and/or similar needs. Subcultures defined 
and brought together by disabilities are also worth investigating in 
the context of TADs, and their inter- and intra-group communication 
could provide valuable insights. This survey provided valuable insight 
into the personal experiences of users through open-ended questions. 
Further use of qualitative methods should be expanded to include in-
depth interviews and focus groups. Data from such studies could be 
used to inform supplemental questions for existing measures such as 
the PIADS or the QUEST 2.0 to enable quantitative analysis of more 
focused sub-categories of assistive devices (such as TADs) as well as 
sensory and aesthetic attributes.

Acknowledgments
None.

Funding 
Research Funding – provided by the Research Opportunity Seed 

Fund, Wilson College of Textiles.

https://doi.org/10.15406/jteft.2023.09.00343


Assessing the impact of multisensory attributes of Textile-based Assistive Devices (TADs) on the 
experiences of end-users

118
Copyright:

©2023 Annett-Hitchcock et al.

Citation: Annett-Hitchcock K, Nartker K, Porterfield A. Assessing the impact of multisensory attributes of Textile-based Assistive Devices (TADs) on the 
experiences of end-users. J Textile Eng Fashion Technol. 2023;9(4):112‒118. DOI: 10.15406/jteft.2023.09.00343

Conflicts of interest 
Authors declare that there is no conflict of interest.

References
1. WIPO. Technology trends 2021: assistive technology. 2021.

2. Katz S. Assessing self–maintenance: activities of daily living, mobility, 
and instrumental activities of daily living. Journal of the American 
Geriatric Society. 1983;31(12):721–727.

3. Coleman R, Keates S, Lebbon C, et al. Inclusive design: design for the 
whole population. New York: Springer Publishing; 2003.

4. Plos O, Buisine S, Aoussat A, et al. A Universalist strategy for the design 
of assistive technology. International Journal of Industrial Ergonomics. 
2012;42(6):533–541.

5. Schifferstein HNJ, Cleiren MPHD. Capturing product experiences: A 
split–modality approach. Acta Psychologica. 2005;118(3):293–318. 

6. Nartker K, Annett–Hitchcock K, Hoque SMA. Consumer perceptions and 
concerns regarding aesthetic attributes of textile–based assistive devices: 
a qualitative analysis of online retail product reviews. Research Journal 
of Textile and Apparel. 2022.

7. Hassenzahl M. The thing and I: Understanding the relationship between 
user and product. Funology. Netherlands: Springer; 2005:31–42.

8. Hekkert P, Schifferstein R. Introducing Product Experience. In: Hendrik 
NJ, Schifferstein PH, editors. Product Experience, New York: Elsevier; 
2008:1–8. 

9. NIH. What are some types of assistive devices and how are they used? 
2018.

10. De Couvreur L, Dejonghe W, Detand J, et al. The role of subjective 
well–being in co–designing open–design assistive devices. International 
Journal of Design. 2013;7(3):57–70. 

11. Lamb JM, Kallal MJ. A conceptual framework for apparel design. 
Clothing and Textiles Research Journal. 1992;10(2):42–47.

12. Rosenblad–Wallin E. User–oriented product development applied to 
functional clothing design. Applied Ergonomics. 1985;16(4):279–287.

13. Thorén M. Systems approach to clothing for disabled users. Why is it 
difficult for disabled users to find suitable clothing? Applied Ergonomics. 
1996;27(6):389–396 

14. Eslamian F, Farhoudi M, Jahanjoo F, et al. Electrical interferential current 
stimulation versus electrical acupuncture in management of hemiplegic 
shoulder pain and disability following ischemic stroke – a randomized 
clinical trial. Archives of Physiotherapy. 2020;10(1):1–12.

15. Ardestani MM, Hornby TG. Effect of investigator observation on 
gait parameters in individuals with stroke. Journal of Biomechanics. 
2020;100:1.

16. Zhang L, Liu G, Han B, et al. Assistive devices of human knee joint: a 
review. Robotics and Autonomous Systems. 2020;125:103394.

17. Rashid A, Mac Donald B, Hashmi M. Evaluation of the aesthetics of 
products and integration of the findings in a proposed intelligent design 
system. Journal of Materials Processing Technology. 2004:380–385. 

18. Brookes NA. Models for understanding rehabilitation and assistive 
technology. In: Gray DB, Quatrano IA, Lieberman ML, editors. 
Designing and using assistive technology. The human perspective, 
Brookes, Baltimore; 1998:3–11.

19. Hahn H. The appearance of physical differences: a new agenda for 
research on politics and disability. Journal of Health and Human Services 
Administration. 1995;17(4):391–415.

20. Grue J. The social meaning of disability: a reflection on categorisation, 
stigma and identity. Sociology of Health and Illness. 2016;38(6):957–964.

21. Scherer MJ. The study of assistive technology outcomes in the United 
States. International Conference on Computers for Handicapped Persons. 
2002:764–771.

22. Goffman E. Stigma: notes on the management of spoiled identity. New 
York: Simon and Schuster; 1963.

23. Jones EE. Social stigma: The psychology of marked relationships. New 
York: W.H. Freeman; 1984. 

24. Ripat JD. Self–perceived participation amongst adults with spinal 
cord injuries: The Role of Assistive Technology. Doctoral thesis, The 
Winnipeg, Manitoba: University of Manitoba; 2011.

25. Guter B, Killacky JR. Queer crips: Disabled gay men and their stories, 
Routledge, London. 2014.

26. Profita HP, Lightner M, Correll N, et al. Textile–based assistive wearables. 
The Journal on Technology and Persons with Disabilities. 2017;40.

27. Keinonen T. Protect and appreciate– notes on the justification of user–
centered design. International Journal of Design. 2010;4(1):17–27.

28. Martin J, Murphy E, Crowe JA, et al. Capturing user requirements in 
medical device development: the role of ergonomics. Physiological 
measurement. 2006;27(8):49–62.

29. Mallin S, Carvalho H. Assistive technology and user–centered 
design: emotion as element for innovation. Procedia Manufacturing. 
2015;3:5570–5578.

30. Brown T. Design thinking: a powerful methodology to enact the end of the 
old ideas. Elsevier, Rio de Janeiro. 2010.

31. Sener B, Pedgley O. Designing for multisensorial interactive product 
experiences. Paper presented at International Conference on Engineering 
and Product Design Education, September 3–4, 2015, Loughborough, 
UK. 2015.

32. Balaji MS, Raghavan S, Jha S. Role of tactile and visual inputs in product 
evaluation: a multisensory perspective. Asia Pacific Journal of Marketing 
and Logistics. 2011;23(4):513–530.

33. Matte L, Broega A, Pinto M. When clothing comfort meets aesthetics. 
In: Montagna G, Figueiredo M, editors. Textiles, Identity and Innovation: 
Design the Future. Boca Raton, FL: CRC Press; 2018:55–60.

34. Jutai J, Day H. Psychosocial impact of assistive devices scale 
(PIADS). Technology and Disability. 2002;14(3):107–111. 

35. Atigossou OLG, Honado AS, Routhier F, et al. Psychometric properties of 
the psychosocial impact of assistive devices scale (PIADS): A systematic 
review. Assistive Technology. 2022:1–9.

36. Demers L, Weiss–Lambrou R, Ska B. The Quebec user evaluation of 
satisfaction with assistive technology (QUEST 2.0): an overview and 
recent progress. Technology and Disability. 2022;14(3):101–105.

37. Peterson Foundation. Income and wealth in the United States: An 
overview of recent data. 2022.

38. Morton L, Cogan N, Kornfält S, et al. Baring all: The impact of the hospital 
gown on patient well–being. British Journal of Health Psychology. 
2020;25(3):452–473.

39. Profita H, Stangl A, Matuszewska L, et al. Nothing to hide: aesthetic 
customization of hearing aids and cochlear implants in an online 
community. ASSETS ’16: Proceedings of the 18th International ACM 
SIGACCESS Conference on Computers and Accessibility, Reno, NV. 
2016:219–227.

40. Salmon N. We just stick together’: how disabled teens negotiate stigma 
to create lasting friendship. Journal of Intellectual Disability Research, 
2012;57(4):347–358.

https://doi.org/10.15406/jteft.2023.09.00343
https://www.wipo.int/publications/en/details.jsp?id=4541
https://pubmed.ncbi.nlm.nih.gov/6418786/
https://pubmed.ncbi.nlm.nih.gov/6418786/
https://pubmed.ncbi.nlm.nih.gov/6418786/
https://link.springer.com/book/10.1007/978-1-4471-0001-0
https://link.springer.com/book/10.1007/978-1-4471-0001-0
https://www.sciencedirect.com/science/article/abs/pii/S0169814112000881
https://www.sciencedirect.com/science/article/abs/pii/S0169814112000881
https://www.sciencedirect.com/science/article/abs/pii/S0169814112000881
https://www.sciencedirect.com/science/article/abs/pii/S000169180400109X
https://www.sciencedirect.com/science/article/abs/pii/S000169180400109X
https://www.emerald.com/insight/content/doi/10.1108/RJTA-01-2022-0005/full/html
https://www.emerald.com/insight/content/doi/10.1108/RJTA-01-2022-0005/full/html
https://www.emerald.com/insight/content/doi/10.1108/RJTA-01-2022-0005/full/html
https://www.emerald.com/insight/content/doi/10.1108/RJTA-01-2022-0005/full/html
https://link.springer.com/chapter/10.1007/1-4020-2967-5_4
https://link.springer.com/chapter/10.1007/1-4020-2967-5_4
https://www.nichd.nih.gov/health/topics/rehabtech/conditioninfo/device
https://www.nichd.nih.gov/health/topics/rehabtech/conditioninfo/device
http://www.ijdesign.org/index.php/IJDesign/article/view/1455/591
http://www.ijdesign.org/index.php/IJDesign/article/view/1455/591
http://www.ijdesign.org/index.php/IJDesign/article/view/1455/591
https://journals.sagepub.com/doi/10.1177/0887302X9201000207
https://journals.sagepub.com/doi/10.1177/0887302X9201000207
https://www.sciencedirect.com/science/article/abs/pii/0003687085900924
https://www.sciencedirect.com/science/article/abs/pii/0003687085900924
https://pubmed.ncbi.nlm.nih.gov/31938571/
https://pubmed.ncbi.nlm.nih.gov/31938571/
https://pubmed.ncbi.nlm.nih.gov/31938571/
https://archivesphysiotherapy.biomedcentral.com/articles/10.1186/s40945-019-0071-6
https://archivesphysiotherapy.biomedcentral.com/articles/10.1186/s40945-019-0071-6
https://archivesphysiotherapy.biomedcentral.com/articles/10.1186/s40945-019-0071-6
https://archivesphysiotherapy.biomedcentral.com/articles/10.1186/s40945-019-0071-6
https://www.sciencedirect.com/science/article/abs/pii/S0021929020300051
https://www.sciencedirect.com/science/article/abs/pii/S0021929020300051
https://www.sciencedirect.com/science/article/abs/pii/S0021929020300051
https://www.sciencedirect.com/science/article/abs/pii/S0921889019303203
https://www.sciencedirect.com/science/article/abs/pii/S0921889019303203
https://www.sciencedirect.com/science/article/abs/pii/S092401360400319X
https://www.sciencedirect.com/science/article/abs/pii/S092401360400319X
https://www.sciencedirect.com/science/article/abs/pii/S092401360400319X
https://pubmed.ncbi.nlm.nih.gov/27363597/
https://pubmed.ncbi.nlm.nih.gov/27363597/
https://link.springer.com/chapter/10.1007/3-540-45491-8_152
https://link.springer.com/chapter/10.1007/3-540-45491-8_152
https://link.springer.com/chapter/10.1007/3-540-45491-8_152
https://www.routledge.com/Queer-Crips-Disabled-Gay-Men-and-Their-Stories/Guter-Killacky/p/book/9781560234579
https://www.routledge.com/Queer-Crips-Disabled-Gay-Men-and-Their-Stories/Guter-Killacky/p/book/9781560234579
http://www.ijdesign.org/index.php/IJDesign/article/view/561/280
http://www.ijdesign.org/index.php/IJDesign/article/view/561/280
https://pubmed.ncbi.nlm.nih.gov/16772664/
https://pubmed.ncbi.nlm.nih.gov/16772664/
https://pubmed.ncbi.nlm.nih.gov/16772664/
https://www.sciencedirect.com/science/article/pii/S2351978915007398
https://www.sciencedirect.com/science/article/pii/S2351978915007398
https://www.sciencedirect.com/science/article/pii/S2351978915007398
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=web&cd=&ved=0CDcQw7AJahcKEwiQpc737ZeBAxUAAAAAHQAAAAAQAg&url=https%3A%2F%2Fwww.designsociety.org%2Fdownload-publication%2F38479%2FDESIGNING%2BFOR%2BMULTISENSORIAL%2BINTERACTIVE%2BPRODUCT%2BEXPERIENCES&psig=AOvVaw3r9hctDGIHaNHdhHQgdH1J&ust=1694152834714935&opi=89978449
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=web&cd=&ved=0CDcQw7AJahcKEwiQpc737ZeBAxUAAAAAHQAAAAAQAg&url=https%3A%2F%2Fwww.designsociety.org%2Fdownload-publication%2F38479%2FDESIGNING%2BFOR%2BMULTISENSORIAL%2BINTERACTIVE%2BPRODUCT%2BEXPERIENCES&psig=AOvVaw3r9hctDGIHaNHdhHQgdH1J&ust=1694152834714935&opi=89978449
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=web&cd=&ved=0CDcQw7AJahcKEwiQpc737ZeBAxUAAAAAHQAAAAAQAg&url=https%3A%2F%2Fwww.designsociety.org%2Fdownload-publication%2F38479%2FDESIGNING%2BFOR%2BMULTISENSORIAL%2BINTERACTIVE%2BPRODUCT%2BEXPERIENCES&psig=AOvVaw3r9hctDGIHaNHdhHQgdH1J&ust=1694152834714935&opi=89978449
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=web&cd=&ved=0CDcQw7AJahcKEwiQpc737ZeBAxUAAAAAHQAAAAAQAg&url=https%3A%2F%2Fwww.designsociety.org%2Fdownload-publication%2F38479%2FDESIGNING%2BFOR%2BMULTISENSORIAL%2BINTERACTIVE%2BPRODUCT%2BEXPERIENCES&psig=AOvVaw3r9hctDGIHaNHdhHQgdH1J&ust=1694152834714935&opi=89978449
https://www.emerald.com/insight/content/doi/10.1108/13555851111165066/full/html
https://www.emerald.com/insight/content/doi/10.1108/13555851111165066/full/html
https://www.emerald.com/insight/content/doi/10.1108/13555851111165066/full/html
https://www.taylorfrancis.com/chapters/edit/10.1201/9781315100210-12/clothing-comfort-meets-aesthetics-matt%C3%A9-broega-pinto
https://www.taylorfrancis.com/chapters/edit/10.1201/9781315100210-12/clothing-comfort-meets-aesthetics-matt%C3%A9-broega-pinto
https://www.taylorfrancis.com/chapters/edit/10.1201/9781315100210-12/clothing-comfort-meets-aesthetics-matt%C3%A9-broega-pinto
https://www.britannica.com/topic/Psychosocial-Impact-of-Assistive-Devices-Scale
https://www.britannica.com/topic/Psychosocial-Impact-of-Assistive-Devices-Scale
https://pubmed.ncbi.nlm.nih.gov/34813722/
https://pubmed.ncbi.nlm.nih.gov/34813722/
https://pubmed.ncbi.nlm.nih.gov/34813722/
https://www.pgpf.org/blog/2022/11/income%E2%80%93and%E2%80%93wealth%E2%80%93in%E2%80%93the%E2%80%93united%E2%80%93states%E2%80%93an%E2%80%93overview%E2%80%93of%E2%80%93recent%E2%80%93data#:~:text=Income Levels Vary Across Geography,income in 2019 of %2469%2C560
https://www.pgpf.org/blog/2022/11/income%E2%80%93and%E2%80%93wealth%E2%80%93in%E2%80%93the%E2%80%93united%E2%80%93states%E2%80%93an%E2%80%93overview%E2%80%93of%E2%80%93recent%E2%80%93data#:~:text=Income Levels Vary Across Geography,income in 2019 of %2469%2C560
https://pubmed.ncbi.nlm.nih.gov/32314508/
https://pubmed.ncbi.nlm.nih.gov/32314508/
https://pubmed.ncbi.nlm.nih.gov/32314508/
https://dl.acm.org/doi/10.1145/2982142.2982159
https://dl.acm.org/doi/10.1145/2982142.2982159
https://dl.acm.org/doi/10.1145/2982142.2982159
https://dl.acm.org/doi/10.1145/2982142.2982159
https://dl.acm.org/doi/10.1145/2982142.2982159
https://pubmed.ncbi.nlm.nih.gov/22471325/
https://pubmed.ncbi.nlm.nih.gov/22471325/
https://pubmed.ncbi.nlm.nih.gov/22471325/

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Literature review 
	User-centered design approach 
	Multisensory engagement to inform product design and development 
	Metrics for assessing ADs 

	Methodology
	Sample selection and recruitment 
	Survey method 
	Data analysis 

	Results - Users 
	Type of TAD and usage breakdown 
	Sensory attributes  

	Results - Caregivers 
	Sensory attributes  

	Discussion
	Conclusion and recommendations 
	Acknowledgments 
	Funding
	Conflicts of interest  
	References
	Figure 1
	Figure 2

