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Abstract 

Advances in computing technology such as conductive textiles and shrinking chip sizes offer 

new possibilities for assistive technology (AT). Wearable computing platforms provide many 

advantages (e.g., reachability, continuous support, communication) that may be especially useful for 

AT. We provide a snapshot of wearable assistive computing literature spanning the past 20 years in an 

effort to better understand the trends, usage patterns in this space. We focus especially on the emerging 

capabilities of textile-based wearable computing platforms. Additionally, we reflect on the trajectory of 

these technologies and suggest potential directions for the development of computer-based wearable 

assistive technologies. 
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Introduction 

Approximately 19% of the US population lives with a disability (Brault 4). Assistive 

technology (AT) can help overcome many challenges imposed by an inaccessible environment, 

such as through the use of sensory substitution (e.g., converting visual information into sound), 

alternative computer input and output (e.g., eye tracking), and communication support (e.g., text-

to-speech).  AT presents both benefits and drawbacks, with an average of 1/3 of all AT devices 

abandoned often due to functional and social-cultural reasons (Kintsch and DePaula 2). Some of 

these problems may be addressed by creating AT that is less heavy, bulky, and obtrusive.  

In this paper, we explore the benefits of textile-based wearable computing AT, as these 

devices may potentially provide support without drawing too much attention. The rise of mobile 

computing platforms and microelectromechanical systems have solved several power, weight, 

size, and bandwidth constraints which previously hampered wearable computing development. 

Similarly, advances in e-textiles (e.g., conductive fabrics) enable worn computers that are lighter, 

smaller, and more flexible, enabling them to be worn comfortably throughout the day or to be 

designed to look like “normal” attire, avoiding the unwanted attention that some AT produces.  

This paper presents an overview of textile-based wearable assistive technology developed 

over the past 20 years. We specifically focus on how these wearable technologies (wearables) 

can improve usability, comfort, and social acceptability for people with disabilities (PwD), and 

identify general trends, opportunities, and challenges for developing new wearable AT. 

Discussion 

A Brief History of Wearable Assistive Technology 

Many of the earliest types of wearables can be considered assistive in nature, intended to 

overcome some congenital or acquired limitation. Perhaps the oldest documented assistive 
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device, a prosthetic toe, was discovered on a nearly 3000 year-old Egyptian mummy 

(www.bbc.com/news/education-19802539). Eye glasses, hearing trumpets, braces, and 

prosthetics represent other historical forms of worn assistive technology, and illustrate the long 

history of wearing assistive devices on, or as part of, one’s body.  

While most wearables have taken a “one size fits all” approach, the developers of modern 

wearables (e.g., smart watches), are beginning to discover what designers of worn AT have 

known for years: namely that technology must be designed to match the user’s shape, abilities, 

and style. The following sections detail wearable textile-based AT from research and industry. 

Sensory Substitution and Enhancement Devices 

While the notion of wearable computers to enhance our capabilities is relatively recent 

(Starner 44), much AT has been designed to enhance or replace a user’s senses.  For example, 

though not a worn e-textile device, a mobility cane enables a visually impaired person to use 

their senses of touch and hearing in place of vision. Researchers and designers have extensively 

explored how wearable AT can be applied in this capacity, especially for pedestrian navigation, 

language translation, and non-verbal cue detection. A primary challenge lies in providing proper 

feedback during the task, without overwhelming or distracting the user. For this reason, wearable 

AT capable of haptic feedback has often been explored due to its ability to provide instructions 

with minimal distraction. Ross’s wearable wayfinding system uses a combination of vibratory, 

tonal, and speech feedback to assist with street crossing (51), and was specifically designed to 

provide feedback without distracting the user from his or her environment. 

Similarly, Zelek et al.’s wayfinding vibro-tactile glove was designed to provide feedback 

as the user encountered objects to the front, left, or right (627). In other cases, haptic output is 

used because the other sensory modalities are impaired. Gollner et al. developed a language 
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translation glove for deaf-blind individuals (127). This system was optimized for rich touch 

feedback, using an intricate network of sensors and vibration motors to recreate this palmar-

based touch-alphabet. A primary obstacle to sensory substitution is that different senses have 

different levels of communication bandwidth; thus, we must often design “shorthand” systems 

that convey highly encoded information via the substituted sensory channel.  

Navigation, Wayfinding, and Mobility Support 

Supporting independent navigation is a primary goal of many assistive devices, and 

wearable AT may directly benefit independent navigation by leveraging wearable sensors and 

actuators to convey information. Worn AT devices present the added benefit of providing subtle, 

private feedback. For example, the Nuviun LeChal shoe (http://nuviun.com/content/news/gps-

smart-shoes-guide-the-blind-track-fitness) tracks a blind user’s location via GPS and provides 

guidance via haptic feedback on the user’s foot, eliminating the need to carry a device or 

constantly check for the next instruction.  

Textile-based AT has also been used to enhance motor control and balance by sensing the 

user’s motion and providing compensatory support. For example, Paradiso et al. developed smart 

footwear which used a musical beat to help improve gait response in individuals with 

Parkinson’s disease (1342). Wall and Weinberg created a smart belt for individuals with 

vestibular injuries that detected loss of balance and provided haptic instructions for a user to 

correct their posture (86). Liu et al. developed e-textile pants with embedded sensors that 

provided clinicians with detailed feedback about an elderly wearer’s stability (696). 

Supporting Rehabilitation and Restoring Function 

In contrast to AT, which is designed for use over long periods of time, rehabilitation 

devices support physical, sensory, and cognitive therapy which are designed to aid someone in a 
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short-term recovery process, with the goal of returning to a previous functional state. As a result, 

the root cause, motivation, duration, and context of use of rehabilitative devices may vary 

significantly from that of AT designed for long-term use.  

Physical therapy (PT), a form of rehabilitation, often involves prolonged repetitive 

exercises, which can be tedious and fatiguing. Attempts to keep users engaged during PT have 

involved integrating visual feedback into devices to visualize progress and motivate the user. For 

example, PT Viz presents visual feedback on a wearable knee brace as the user performs PT 

exercises (Ananthanarayan et al. 1247). Another approach is to train exercises through haptic 

feedback. The Mobile Music Touch (MMT) glove supports dexterity rehabilitation for 

individuals with quadriplegia by providing haptic stimulation to the hands throughout the day. 

MMT’s feedback consists of haptic taps on the user’s fingers, synched to historically popular 

American songs, such as Jingle Bells, for a more engaging form of PT (Markow et al. 6).  

A common risk of in-home PT entails performing exercises incorrectly, which can lead to 

reinjury or abandonment of PT altogether. Providing guidance about how to use AT and perform 

exercises can help reduce added stress or self-doubt on the user’s behalf. Mollii is a full-body 

electrotherapy garment designed for neuromuscular conditions (http://inerventions.se/en/). The 

garment helps eliminate the reliance on a clinician for proper e-stim patch placement, enabling 

in-home use. Telemedicine can also provide support by connecting the user to a remote therapist 

or physician. PT Viz was designed to support collaborative goal making between patient and 

clinician, enabling nearly real-time feedback from the therapist (Ananthanarayan et al. 1250). 

Communication Support 

Augmentative and alternative communication (AAC) address challenges related to 

producing speech and text to communicate (Beukelman and Mirenda). These devices often take 
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the form of tablets or PCs that can be difficult to hold or carry, especially for people with 

comorbid motor disabilities. Moreover, large AAC devices can obstruct natural communication, 

such as by blocking eye contact between communication partners. Worn devices can support 

communication through less intrusive form factors and user interfaces. Profita’s e-textile 

wearable AAC board was designed to support use during equine therapy as the physical demands 

of riding a horse limit the user’s ability to carry a large device (231). The Mobile Lorm Glove is 

a hardware- instrumented glove that translates Lorm, a hand-touch alphabet developed for 

individuals who are deaf-blind, into text messages on a mobile phone to improve communication 

for deaf-blind individuals while minimizing reliance on an interpreter (Gollner et al. 129). The 

message recipient can respond by typing a text message into their mobile phone, which is then 

translated into a vibro-tactile message presented on the glove. 

Wearable AT also presents opportunities for recognizing and interpreting other sign 

languages, such as American Sign Language (ASL). Some ASL recognition systems use a 

stationary camera, which requires the user to stand in a fixed location. Wearable systems would 

permit the device to move with the user throughout the day. Starner et al. developed an ASL 

recognition system that used a hat-mounted camera to capture images of the wearer’s hands 

(1371). While ASL translation remains an active problem, wearable systems present an 

opportunity to create more usable ASL translation systems. 

Behavioral and Social Support 

We are witnessing a significant rise in the prevalence of developmental disabilities such 

as autism spectrum disorder (ASD) (Kientz et al. 28), which can affect an individual’s ability to 

interact socially. Wearable AT can assist people with these types of disabilities by providing the 

user or caregiver with feedback about one’s behavior. For example, wearable sensing systems 
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can track a user’s affective state facilitating improved behavior mediation or improved caregiver 

intervention (Kientz et al. 31). Furthermore, wearable AT can potentially draw less attention to 

the user, which could increase the adoption of these technologies, as social inclusion is cited as 

one of the most important values for many individuals with a cognitive disability (Lewis 12). 

Some people with ASD and related conditions can be calmed in stressful situations 

through the application of constant pressure to the torso.  Squease is an inflatable vest designed 

for those with ASD, ADHD, and other cognitive disabilities (www.squeasewear.com). Squease 

uses a manually operated pump for inflation, but could be extended in the future to provide 

pressure as needed by sensing the user’s emotional state. While many types of AT focus on 

enabling the user to act without assistance from others, some individuals will still require support 

from caregivers. AT can help support communication between the user and one’s care network, 

lending to better decision-making and informed intervention methods (Kientz et al., 29). 

How Assistive Technology Can Help Wearable Technology (and vice versa) 

As AT designers have long considered how to make technology that can be comfortably 

worn, insights from the design of wearable AT can inform the design of mainstream wearables, 

especially in scenarios when the wearer’s ability is situationally impaired by context, such as 

when the user’s visual attention is distracted, or when the user’s hands are occupied. Likewise, 

we can look to mainstream apparel and the fashion industries to inform issues concerning 

comfort and aesthetics of worn devices. Items worn on the body are considered highly personal 

and are projections of self- and group-identity (Shinohara and Wobbrock 706). Exploring the 

emotional effects of worn devices could provide insight into the adoption and retention of AT. 

There are also a number of higher level usability challenges that affect both AT and 

mainstream wearables. Designing AT and wearable devices requires creating new input and 

http://www.squeasewear.com/
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output techniques based on the user’s abilities in the context of use. Feedback from these systems 

should convey only that information which is most relevant, and this information should be 

delivered in a useful, meaningful, and appropriately-timed manner. These devices must be 

available when desired and then easily dismissible when no longer needed (Ross 52). Feedback 

may need to be converted from visual or audio to another sensory representation, or may need to 

be presented multi-modally. 

Opportunities for Future Research 

Advances in textile-based wearables are proceeding on several fronts. Novel 

nanotechnology and fabrication techniques have resulted in textiles with circuitry embedded 

directly in the fabric, enabling computing devices that can flex and stretch like conventional 

clothing.  Such systems can also lend to new interface designs and gesture input which can be 

performed by individuals with a variety of abilities. Do-it-yourself tools for developing soft 

circuits, such as LilyPad (http://lilypadarduino.org/), enable users with limited technical skills, 

such as people with disabilities and their caregivers, to create their own wearable devices. And 

finally, managing battery power and charging through the use of wireless and inductive charging 

can reduce the physical challenges of manipulating the physical device (Kane et al. 118).  

Conclusion 

Wearable AT has a long and established history in the lives of people with disabilities. As 

wearable technology enters the mainstream, there are new opportunities to provide better support 

for people with disabilities through commercial systems that can extend beyond the limitations 

of cumbersome prototypes. Beyond that, there exist opportunities for designers of mainstream 

wearable technologies to learn from the history of wearable assistive technology to create 

designs that are more usable and acceptable to both disabled and non-disabled audiences. 
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