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Preface

This book examines recent developments in assistive technology and explores new
trends in this rapidly evolving and multidisciplinary field. Assistive technology has
gained prominence in recent years due to several factors. One of them is the aging
population, which has increased the demand for technologies that help elderly people
remain independent and communicate better [1]. Assistive technologies have also
been increasingly used by people with physical, sensory, or cognitive disabilities,
allowing them to perform daily tasks and participate more fully in society [2].
Another important factor is technological advancement, which has made it possible
to create increasingly sophisticated and accessible devices and solutions to enhance
independence [3].

Assistive technologies (AT) refer to devices, software, or equipment designed to sup-
port people with disabilities. Assistive technologies can be used to support individuals
with physical, sensory, cognitive, or developmental disabilities in their daily activi-
ties, and can be customized to meet their specific needs and abilities [2]. AT can range
from simple solutions such as wheelchair ramps, hearing aids and closed captioning,
for example, to more advanced equipment such as speech recognition software, high-
tech alternative communication aids, prostheses, voice-activated virtual assistants,
and smart wearables, among others.

Assistive technologies are amazingly important for individuals with disabilities, as
they enable greater independence, autonomy, and participation in daily life. By pro-
moting accessibility and inclusivity, assistive technologies benefit not only individuals
with disabilities but also the broader community [4]. The ability to participate in
activities and roles makes an important contribution to people’s sense of well-being,
social connectedness, and quality of life. Overall, assistive technologies can help
people with disabilities to remove barriers to full engagement in society.

Assistive technology also has a significant economic impact, as it can reduce
dependence on caregivers and healthcare professionals, increase opportunities for
employment and education, and contribute to the inclusion and equal opportunities
of people with disabilities or functional limitations [5]. For these reasons, assistive
technology is an important area of research and development that has the potential to
transform the lives of millions of people around the world.

This collection consists of five chapters. Chapter 1, entitled “Introductory Chapter:
Trends in Assistive Technology”, discusses the relevance, purpose, trends, and chal-
lenges of assistive technology. As assistive technologies become more advanced, there
is a potential for greater integration with mainstream technology, allowing individu-
als with disabilities to use the same technologies as everyone else.

Chapter 2, entitled “Perspective Chapter: Service Robots in Healthcare Settings”,
looks at several applications of healthcare-oriented robots in acute, ambulatory, and



at-home settings. In addition, it describes critical problems for the future when such
technology will be ubiquitous.

Chapter 3, entitled “Understanding the Assistive Potential of Consumer Technologies:
A Case Example of Smartphones, Smart Speakers, and Internet of Things
Technologies”, examines the assistive potential of a range of consumer digital tech-
nologies and explores how they can benefit people with disabilities and older people.
Issues pertaining to risks to personal information, autonomy and consent while using
these technologies are also outlined.

In Chapter 4, entitled “Perspective Chapter: Vocational Rehabilitation, Information,
Communication Technology, and Assistive Technology Devices for Employment”,
the authors present a literature review analyzing the present and future of informa-
tion and communications technology and assistive technology devices in the field of
vocational rehabilitation in Japan.

Chapter 5, entitled “Perspective Chapter: Assistive Technology Ecosystem for
Effective Self-Care — Application to Alzheimer’s and Related Dementia”, approaches
the challenges of self-care and assistive living, including equitable access to assistive
technology and care, the right to choose where to live, protection of privacy and
security in people who live with Alzheimer’s disease and related dementias. It presents
an assistive technology ecosystem that enables autonomy, independence, and interde-
pendence in these complex cases.

Thank you for your interest in this book. It is our hope that the content within these
pages will provide you with valuable insights and information that can help you in
your personal or professional life. We appreciate your time and attention, and we
invite you to continue reading to discover the ideas and concepts that we have com-
piled to present in this book. We believe that you will find the chapters informative,
engaging, and thought-provoking. Thank you again for choosing to read this book,
and we hope that it exceeds your expectations.

Alejandro Rafael Garcia Ramirez
Department of Computing,
University of Vale de Itajai

Itajai, Brazil
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Chapter1

Introductory Chapter: Trends
in Assistive Technology

Alejandro Rafael Garcia Ramirez

1. Introduction

People may present at any age some type of disability, lack or deficiency of one
or more abilities that affects their performance in carrying out tasks appropriate to
their level of development, such as walking, speaking, hearing, seeing, among others.
Disability is a term used to refer to any physical, sensory, cognitive, or intellectual
impairment that significantly affects a person’s ability to perform daily activities
or participate in society on an equal basis with others [1]. It is a broad and complex
concept that comprises a wide range of conditions and limitations, temporary and
permanent, and can result from various factors, like genetics, illness, injury, and
environmental factors. The definition of disability may vary depending on the
context, cultural beliefs, and legal frameworks in different societies [1].

Disabled individuals are prevalent within most extended families, and it is com-
mon for non-disabled individuals to provide support and care for their disabled loved
ones. As aresult, throughout human history, societies have grappled with the ethical
and political dilemma of how to effectively incorporate and assist individuals with
disabilities. The distress of people with some kind of disability depends more on the
environment in which they are inserted than necessarily on the problem they have.
The World Report on Disability, jointly produced by the World Health Organization
(WHO) and the World Bank, suggests that more than one billion people worldwide
suffer from disabilities and reports that people with disabilities generally have poorer
health, lower educational attainment, fewer economic opportunities, and higher
poverty rates than people without disabilities [2]. This can be attributed in large part
to the insufficient availability of services and the numerous obstacles that individuals
with disabilities encounter daily. In this scenario, assistive technology (AT) emerges.

Assistive technologies (AT) are devices, tools, and services that help individuals with
disabilities to perform everyday tasks and participate fully in society. The goal of AT is
to provide support and facilitate independence, while also improving the quality of life
for those who use it [3]. As technology continues to advance, so do the possibilities for
assistive technologies. In recent years, we have seen a rapid increase in the development
and use of new AT devices and services that have the potential to transform the way we
assist and support individuals with disabilities. This chapter introduces the new trends
in assistive technologies, their benefits, and the challenges that come with them.

1.1 Definition of assistive technology

Assistive technology refers to devices, software, or equipment designed to support
people with disabilities, enabling them to participate in various activities and improve
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their overall quality of life [3]. AT solutions can range from a simple white cane to a
complex computerized system controlled by gaze or bioelectric signals. Included in
the range of items that can enhance the quality of life for people with disabilities are
adapted toys and clothing, computers with special software and hardware that meet
accessibility requirements, alternative communication devices, special keys, and trig-
gers, assisted listening devices, visual aids, prosthetic materials, and countless other
products.

1.2 Purpose of assistive technologies

The primary aim of assistive technologies is to empower individuals with dis-
abilities to achieve independence, autonomy, and participation in society. AT seeks to
enable individuals to overcome the various barriers that they may encounter in their
daily lives, such as mobility limitations, sensory impairments, lack of information, or
challenges in processing information. Assistive technologies can aid people with dis-
abilities in multiple ways, including improving communication abilities, facilitating
access to education and information, performing daily tasks, and participating in the
labor force. Furthermore, they can help individuals achieve greater social inclusion,
develop their skills, and improve their overall quality of life. Assistive technologies
can also generate broader societal benefits, such as promoting diversity and inclu-
sion, reducing healthcare expenditures, and enhancing productivity and economic
outcomes [4].

1.3 Relevance of assistive technologies

Assistive technologies are incredibly important for people with disabilities
because they provide a means of overcoming barriers and promoting independence,
autonomy, and participation. Assistive technologies make it possible for people with
disabilities to access and interact with various environments, such as workplaces,
schools, public spaces, and the Internet. This sort of technologies enables people with
disabilities to perform tasks and activities independently, such as mobility aids that
help people to move around and prosthetic limbs that allow people to engage in activi-
ties such as sports and recreation [3].

Assistive technologies have the potential to enhance the quality of life for people
with disabilities by assisting their engagement in social activities, accessing education
and information, and completing daily living tasks. Inclusion is crucial, and assis-
tive technologies can promote diversity and inclusion by enabling individuals with
disabilities to fully participate in society and be recognized for their unique skills and
perspectives. They can also lessen the economic impact of disability by supporting
individuals to enter the workforce, increasing their earning potential, and decreas-
ing their dependence on social welfare programs. All in all, assistive technologies
are essential for protecting the rights and well-being of people with disabilities and
advancing the goal of building a more equitable and inclusive society [4].

2. New trends in assistive technologies

In this section are described emerging trends in the field of assistive technolo-
gies (AT) that have the potential to revolutionary transform the lives of people with
disabilities.
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2.1 Artificial intelligence

AT has the potential to transform the field of assistive technology by empower-
ing individuals with disabilities to live more independently and actively participate
in society. Examples of Al-powered assistive technology is the integration of voice
assistants such as Amazon Alexa, Google Assistant, and Apple Siri, which enable indi-
viduals with disabilities to manage their home environment, make phone calls, send
messages, and access information, among other functionalities [5]. Another example
is the Oura Ring that has sensors to capture biological signals and provides reports on
the user’s health [6]. Personalized assistive technology is also a field of application for
Al, where Al-powered prosthetics can learn and adapt to an individual’s movements
and preferences [7].

The potential of Al-powered assistive technologies is vast, and as technology
continues to progress, we can expect to witness more innovative uses of Al in assistive
technology. The UN Convention on the Rights of Persons with Disabilities, held in
June 2019, recognized that AI “has the potential to enhance inclusion, participation,
and independence for people with disabilities” [8]. Numerous organizations are
exploring the uses of Al in assistive technologies as a means of improving accessibil-
ity. Among them are Al-based visual aids, smarter glasses, cognitive hearing aids, new
opportunities for education, and equal opportunities for employment.

2.2 Wearable devices

The use of wearables, such as smartwatches, fitness trackers, and other body-worn
devices, has been on the rise in recent years as assistive technology for individuals
with disabilities or other specific requirements. These devices offer numerous advan-
tages, including health monitoring capabilities that can track vital signs like heart
rate, blood pressure, and oxygen levels, which can be especially beneficial for those
with chronic conditions or disabilities [6, 9]. Wearables can also aid communication
for people with hearing or speech impairments by pairing with a smartphone app
that converts speech to text or vice versa, allowing for more effortless communication
[10]. Additionally, wearables can facilitate navigation for people with visual impair-
ments, where smart glasses come equipped with built-in cameras and software that
can recognize objects and provide audio feedback to help users navigate their sur-
roundings [11].

Furthermore, wearables can enhance safety for people with disabilities, where
some smartwatches offer emergency features that enable users to call for help or share
their location in case of an emergency [12].

Wearables possess immense potential to deliver significant benefits for individuals
with disabilities or other specific needs. As technology continues to progress, we can
anticipate more groundbreaking applications of wearables as assistive technology
devices.

2.3 Robotics

Robotics has emerged as a promising technology for assisting people with disabili-
ties in performing daily tasks, achieving greater independence, and improving their
quality of life. Robotic assistive technologies can be customized to meet individual
needs and can provide support for a wide ranging of disabilities, including mobility
impairments, sensory impairments, and cognitive impairments [13].
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Robotics can be used to create prosthetic limbs that are controlled by the user’s
myoelectric signals, enabling greater mobility and independence [7]. Exoskeletons
are wearable robotic devices that can help people with mobility impairments walk or
stand. They are particularly useful for people with spinal cord injuries or other condi-
tions that affect their ability to move [14]. Robots can be used to assist with a range of
everyday tasks, such as cooking, cleaning, and personal care. These robots can help
people with disabilities or older adults live independently in their own homes [15].

2.4 Internet of things (IoT)

The field of assistive technology stands to be revolutionized by the potential of
the Internet of things (IoT), which allows devices to communicate with each other
and gather data in real time. IoT refers to a connected network of devices that can
exchange information and perform tasks without human intervention. For instance,
IoT sensors can detect falls and automatically alert caregivers or emergency services
as necessary [16].

Assistive technology can take advantage of IoT to create customized environments
for people with disabilities, such as smart homes. Furthermore, IoT can help monitor
health indicators, like heart rate and blood pressure, allowing healthcare professionals
and caregivers to provide more personalized and targeted care to individuals with
disabilities [17].

Another example of the use of IoT in assistive technology is the development
of smart prosthetics. These prosthetics can be connected to the Internet and other
devices, enabling users to control them through their smartphones and receive
feedback on their movements and other data [18].

IoT can also be used to create more efficient and effective transportation systems
for individuals with disabilities. Connected vehicles can be equipped with sensors
and other technologies to provide real-time traffic updates, monitor road conditions,
and optimize routes to ensure that individuals with disabilities can travel safely and
efficiently.

In conclusion, the application of IoT in assistive technology can enhance the qual-
ity of life for people with disabilities by offering customized and adaptable solutions
that cater to their specific requirements.

3. Challenges

Although assistive technology can offer numerous benefits for individuals with
disabilities, there exist various challenges and concerns that need to be addressed
when designing, implementing, and utilizing assistive technology. One of the primary
challenges is ensuring that assistive technology is accessible by people with diverse
types of disabilities, considering factors such as vision, hearing, motor skills, and
cognitive abilities to maximize its usability by as many people as possible [19].

Additionally, the cost of assistive technology can be a barrier for individuals with
disabilities, and it is essential to consider ways to increase affordability and accessibility,
such as through government subsidies or insurance coverage. Moreover, assistive technol-
ogy typically requires customization to meet the specific needs of each user, which can be
time-consuming and costly, and may necessitate specialized knowledge and skills [3].

Much assistive technologies require training to be used effectively. It is important
to provide adequate support to ensure that users can use the technology effectively
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and safely [4]. Maintaining and repairing assistive technology is also essential to
ensure its proper functioning, and it is essential to have efficient systems in place to
provide timely maintenance and repair services. In addition, privacy and security are
significant concerns when using assistive technology that collects and stores sensitive
personal data. Developers must consider privacy and security issues and implement
appropriate measures to safeguard user data. Moreover, ethical considerations need
to be addressed when designing and utilizing assistive technology, including ensuring
that it respects the autonomy and dignity of the individual user [20].

4, Conclusion

Assistive technology has the potential to transform the lives of people with dis-
abilities. Tendencies in assistive technology provide more personalized, adaptable,
and accessible solutions that can enhance their independence, mobility, and quality
of life.

The capability for growth and future developments of assistive technologies is
significant, as these technologies continue to evolve and become more sophisticated.
As technology becomes more advanced, there is a growing potential for greater per-
sonalization in assistive technology solutions. This could involve the use of sensors,
artificial intelligence, and other technologies to develop more customized solutions
that meet the unique needs of each individual user.

Accessibility is a key in the expansion of assistive technologies, and there is an
increasing recognition of the need to ensure that these technologies will be accessible
to as many people as possible. This may involve developing more affordable solutions,
as well as solutions adaptable and customizable to meet the needs of diverse users.

As assistive technologies become more advanced, there is potential for greater
integration with mainstream technology, allowing individuals with disabilities to
use the same technologies as everyone else. This could involve the development of
assistive technologies that can be used with devices such as smartphones and tablets,
as well as greater compatibility with existing technologies. For example, assistive
technologies could be used to improve accessibility in public spaces or to enhance
learning and education for individuals with disabilities using mobile devices.

Collaboration between technology companies, disability organizations, and indi-
viduals with disabilities is essential for the development of effective and user-friendly
assistive technologies. By working together, these stakeholders can identify areas of
need and develop solutions that are truly responsive to the needs of individuals with
disabilities.

Overall, the potential for growth and future developments in assistive technologies
is remarkable, and there is great potential for these technologies to enhance the lives
of people with disabilities in many ways.
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Perspective Chapter: Service
Robots in Healthcare Settings

Rohit Singla and Christopher Nguan

Abstract

Robots will play a part in all aspects of healthcare. The presence of service robots in
healthcare demands special attention, whether it is in the automation of menial labour,
prescription distribution, or offering comfort. In this chapter, we examine the several
applications of healthcare-oriented robots in the acute, ambulatory and at-home
settings. We discuss the role of robotics in reducing environmental dangers, as well as
at the patient’s bedside and in the operating room, in the acute setting. We examine
how robotics can protect and scale up healthcare services in the ambulatory setting.
Finally, in the at-home scenario, we look at how robots can be employed for both rural/
remote healthcare delivery and home-based care. In addition to assessing the current
state of robotics at the interface of healthcare delivery, we describe critical problems
for the future where such technology will be ubiquitous. Patients, health care workers,
institutions, insurance companies, and governments will realize that service robots
will deliver significant benefits in the future in terms of leverage and cost savings,
while maintaining or improving access, equity, and high-quality health care.

Keywords: Healthcare, acute care, ambulatory care, surgical robotics, at-home robotics

1. Introduction

With the introduction of robots into industrial domains, the exploration of remote
controlled, semi-autonomous and fully autonomous surface robots within the field
of healthcare is an area of increasing interest. Robotics has been considered across
the major verticals of the healthcare continuum of prevention, screening, diagnosis,
treatment, and homecare [1]. However, service robots could potentially fill the roles
of typical industrial robots in the management of menial or laborious tasks such as
supply chain management and logistics, stocking and inventory control, back-end
support as well as delivery within the context of patient care. For example, consider
delivery of medication or supplies [2]. With the use of robotics such as autonomous
vehicle or drone fleets, a routine one-to-one delivery could be simplified; a high
priority urgent delivery during acute care events could be made feasible; or broader
community-based delivery could be made autonomous for an entire region [2].
Service robots in healthcare can also serve in direct patient interaction roles including
as direct assistance to healthcare workers such as nurses, physicians, imaging techni-
cians, and more [3-5]. In a patient-centered view, service robots may serve the role
of comfort care or as personal assistance to the patient for mobilization, feeding or
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activities of daily life [6, 7]. The breadth of applications is vast. This chapter focuses
on the application of service robots at the interface of health care delivery, highlight-
ing advances in acute care settings, such as the hospital or surgical settings; in ambu-
latory settings such as clinics; and in at-home settings where we consider comfort and
health. The detailed discussion of supply-chain and logistics-based service robotics
are left to other chapters to discuss.

2. Service robots in acute care settings

Acute care refers to the delivery of short-term diagnosis and treatment of a patient
for a medical condition. These settings may require an emergency department visits
where patients are rapidly assessed and provided with initial treatment, an admission
into hospitals whereby patients are overseen by multidisciplinary healthcare workers,
a surgical operation including the post-operative recovery, and any number of related
services (imaging or laboratory services for example) required to provide optimal
diagnosis and treatment.

The first application of robotics in this setting is with regards to environmental
hazards. This mimics the notion of industrial robotics to protect workers from
workplace hazards. As underscored by the global COVID-19 pandemic, there is
heightened interest in the use of robotics to protect valued healthcare workers and
patients from dangerous environmental scenarios including preventable infections,
ionizing radiation, or combative and violent scenarios. As a key example, the routine
care of patients infected with COVID-19 requires significant investment of time
and resources on the healthcare delivery system, while continuing to put healthcare
workers at risk, and leading to reallocation of resources and cumbersome delivery of
patientcare. For two examples of robots created in response to this pandemic, we refer
to two companies based in Denmark. First, consider how the nasopharyngeal swab,
required for collection of respiratory mucosa to diagnosis COVID-19, inherently
places the worker performing the swab at risk. Lifeline Robotics (Odense, Denmark)
developed the CAREEBO system, the first of its kind to perform a fully automatic
swab analysis [8]. The robotic system is designed to interact with patients and per-
form the swab itself, obviating the need for a healthcare worker to be in proximity
with a potentially infectious individual [8]. Likewise, disinfection and sterilization
of the surrounding environment is a key step in the preventing infectious disease
transmission. Existing procedures still rely on human staff to perform the cleaning,
which may in turn be tedious, costly, and time consuming as well as an avoidable
exposure. Towards prevention in hospital settings, ultraviolet light has been utilized
in a touchless manner through mobile service robotics. This approach has been
demonstrated superior results to manual cleaning when evaluating the number of
microbes as well as reducing infection [9]. Commercial offerings exist, such as UVD
Robots (Odense, Denmark) designed to disinfect patient wards and operating rooms
in between admissions [10].

In a similar fashion, despite standard of care barrier methods, interventional
radiologists and radiology technicians who work with and nearby to ionizing radia-
tion continue to suffer increased rates of malignancies as compared to the general
population. Mitigating the exposure risk for these individuals directly relates to their
safety. Enhanced robotic imaging instrumentation may be the avenue to achieve this.
However, to the best of our knowledge, there is not yet a fully autonomous commer-
cial imaging system available for clinical usage. Researchers have explored the notion
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of a robotic imaging instrumentation. As an example, Haliburton et al. towards a
service robot for a fluoroscopy machine by demonstrating their tracking system called
On-board Position Tracking for Intraoperative X-rays (OPTIX), achieved clinically
relevant accuracies through the addition of a single camera [11]. The end goal for
OPTIX was to reduce the number of fluoroscopic images required in an operation
[11]. This system is one step towards semi-autonomous and fully autonomous robotic
systems. Environmental safety, as demonstrated by infection risk and ionizing radia-
tion, can be ameliorated using service robots. In doing so, we consequently mitigated
the overhead of anxiety and stress related to working in these potentially hazardous
environments.

Moving beyond environment, service robots have a role to play at the patient’s
bedside. In the most literal example, service robots can assist patients with physical
limitations such as reduced physical ability or a bariatric patient in mobility. For these
patients, service robots enable patients to have fundamental needs such as having a
robotic arm to mitigate the loss of mobility in one’s natural arm. Japanese researchers
at the RIKEN-TRI Collaboration Center for Human-Interactive Robot Research devel-
oped the world’s first nursing-care robotic system that can transfer a patient from a
bed to wheelchair, and vice versa [12]. However, more generally, service robots enable
“contactless” approaches to techniques that would otherwise require an in-person
human element. Researchers at Massachusetts Institute of Technology (MIT) re-
purposed the commercially available Spot™ from Boston Dynamics, a dog-like robot
[13]. This robot was modified to include additional cameras, allowing contactless
measurement of key vitals such as temperature, blood oxygen saturation and respi-
ratory rate without human intervention. These tele-monitoring style systems may
allow for workplace efficiencies as well, reducing undue burden on healthcare staff
from frequent monitoring. A relatively easy extension to tele-monitoring is telepres-
ence. Ava Robotics, a spin-off company of consume robotics company iRobot, offers
telepresence robotic systems capable of spatially mapping and navigating environ-
ment [14]. This type of technology then enables a remotely placed clinician located in
arisk-free environment to interact and engage with patients at the comfort of their
own beds. This form of telepresence is useful to provide healthcare access from scarce
experts, improving upon health inequities.

Service robots are no stranger in surgery. Surgical assistive systems have been
present in various applications for several decades now [15]. While surgical care itself
spans pre-operative assessments, imaging and planning up to, and including, post-
operative recovery, the most abundant example of surgical robotics is in the operating
room itself. Medtronic, one of the largest medical technology companies in the world,
has offerings of spine and orthopedic systems (MAZOR™) that fully integrate with
pre-operative imaging, and allow surgeons to achieve highly precise movements
within an accuracy of a few millimeters [16, 17]. Knee and hip replacements have
seen significant benefit from robotic systems provided by Mako Surgical [18, 19]. One
of the most common surgical robot systems is the da Vinci surgical system™ from
Intuitive Surgical (Sunnyvale, USA) [1, 20]. This tele-operated system facilitates
surgeons improved workflow and ergonomics, extended degrees of motion, tremor
filtering, and enhanced visualizations [1, 20]. In this setup, the surgeon is not directly
operating the surgical instruments, but instead is manipulating them in a one-way
feedback manner. In more recent offerings of the da Vinci™, integrated table motion
allows for additional ambient capabilities to manipulate the surgical environment to
the benefit of the surgery at hand [21, 22]. This feature allows the surgeon to leverage
gravity assistance to manipulate patient position and internal organs by motion of
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the operating table, and the simultaneous movement of the robotic arms [21, 22]. The
growth of commercially available products in surgical environments has simultane-
ously spurred an active area of research. Investigators now seek to add additional
capabilities to these platforms. Examples of these pre-clinical abilities include task
automation ranging from suturing, knot tying, and needle insertion in minimally
invasive surgery, autonomous intra-operative ultrasound scanning, and automated
camera control and motion as well as telerobotic capabilities [23-28]. However, while
the first completely remote surgery was performed in the early 2000s, the ability to
use this technology has remained elusive due to challenges in network bandwidth,
latency, video communication.

Closely related are service robots in anesthesia which may provide oversight of
patient management and procedures. This may include automated drug delivery of
adequate anesthetic and analgesic medication through closed-loop control systems
for monitoring and administration as well as management of medical devices such as
adaptive ventilatory and circulatory support [29-31]. In the pharmaceutical delivery
application, robotic systems which receive information directly from the patient by
way of a suite of sensors could process such multi-dimensional high-resolution data
in a manner human practitioners may be incapable of doing. In turn, there may be
benefits to be seen through service robotics which respond in real-time to the patient
needs with minimal guesswork required. In terms of circulatory support, the LUCAS
robot system acts as an entirely mechanical and automated cardiopulmonary resusci-
tation device and has been shown to improve outcomes while obviating the need for
manual chest compressions from support staff [32]. Beyond these applications, the
use of robots to perform needle interventions for regional anesthesia and automatic
intubation have been explored [33-35]. However, these systems remain largely pre-
clinical in validation, with robust clinical benefit not yet shown.

3. Service robots in ambulatory care settings

While several of the applications (like sanitization, autonomous imaging, or
robotic procedures) in acute care may extend into the ambulatory care setting, there
are unique applications to consider. When applied to the ambulatory care setting, we
consider service robots for the protection as well as empowerment and scaling up of
the healthcare workforce.

In a similar fashion to environmental protection, service robots can protect the
workforce from self-inflicted pitfalls such as fatigue risk. Chronic shortages of physi-
cians and allied healthcare professionals leads to an overworked workforce, exacer-
bated by external stressors and cognitive overload, and resulting in a negative impact
on attention, reaction, memory, and reasoning [36]. This in turn ultimately leads to
inadvertent medical errors made by these well-intentioned individuals. It can also
lead to increased psychological distress, insomnia, and depression [37-39]. Service
robots in this roll could offload menial tasks and cognitive overhead so that healthcare
workers could concentrate on more critical tasks related to direct patient care. In
similar fashion, service robots could play the role of validation units in ensuring that
health care workers are delivering the intended therapeutic to the patient in the right
amount, at the right time, and in the right place. The notion of a robotic assistant has
been well received by certain disciplines, such as nursing [40].

Leveraging of the workforce is another potential use of service robots in health-
care. Instead of one-to-one management between health care practitioner and
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patients, service robots allow for one healthcare practitioner to oversee the care

(or subset thereof) for multiple patients simultaneously. This would have implications
for health care delivery on a global scale such that fewer workers could provide access
to higher quality care to a broader population of patients.

4. Service robots in At-home care settings

In the final section of this chapter, we examine the role of service robots in at-
home care settings. In these settings, the patient is often not traveling to another
institution to receive care. Instead, they either receive care from external providers
in the comfort of their own home or are able self-administer care. In these diverse at-
home settings, service robots may play a role in both delivering and providing actual
medical care to patients but also in providing companionship and reassurance to those
in times of need.

The evident application of robots at home is the use of telepresence. To address
geographic disparities in equitable health access, as well as to reduce patient burden
such as time and travel expenses, the use of telepresence enables clinicians to serve
populations otherwise inaccessible [41]. In the simplest form, telepresence uses
video communication apps available on smart devices or computers. However, more
advanced immersive versions provide a physical mobile platform, allowing the user to
move around the environment. Researchers have sought to automate classical physical
examination techniques such as palpation [42] as well as advanced techniques such as
ultrasound [42, 43]. While these technologies have not seen widespread integration in
telepresence, one recent example is remote medical imaging. Imaging in remote areas
is an exciting opportunity, as many communities lack individuals with the expertise
to acquire and interpret high-quality images, providing a barrier to care. Clinicians in
Saskatchewan, Canada deployed the MELODY system from AdEchoTech in a small
study, finding that 92% of organs displayed on conventional examination were seen
on those performed remotely, demonstrating the clinical feasibility of such remote
imaging [44].

For individuals in rural and remote areas, or in emergent need such as in disaster
relief, service robots can facilitate the delivery of medications and supplies. For
example, drones themselves can travel fast and without geographical challenges.

By leveraging these unnamed transport systems, drones could be used to distribute
key medical resources to those in need. This is particularly advantageous in disaster
settings whereby conventional transportation is not feasible [45, 46]. In commercial
efforts of drone delivery, Zipline (San Francisco, USA) piloted blood distribution via
drone delivery in Rwanda [47]. The use of service robotics for aerial transportation
of medical resources resulted in a reduced transportation time of 4 hours to approxi-
mately 30 minutes [47]. Through coordinated efforts via fleets, drone delivery could
extend to become an entire distribution network across entire communities.

Beyond the delivery of care, there is also the role of service robotics for self-care
at-home. As exemplified by the COVID-19 pandemic, mental health including anxiety,
depression and loneliness have increased significantly in the forefront of the general
public’s mind. As outbreaks occurred, entire long term care facilities were placed on
“lockdown’, restricting the movement of its patients and their visitors, for prolonged
periods of time. In essence, these actions negatively impacted individuals’ need for
social interaction, a key component of one’s mental health. How then can robots
address this need? Through the patient-centered design of social robots designed
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specifically to assist in the emotional and mental well-being of patients. BUDDY, a
companion robot offered by the company of the same name, is one such example [48].
The small mobile esthetically pleasing robot can provide the social interaction needed
for elderly patients isolated from others while aiding with activities of daily living and
fall detection. Likewise, the use of the PARO robot was demonstrated to provide both
social and physical interaction benefits, as well as a potential increase in activity levels,
in a cohort of patients with dementia [49]. For children, these robot systems can assist
in neurodevelopment and socialization skills. One example is Moxie™ from Embodied,
developed in-part by child development experts, for customized learning and play [50].

5. The challenges of service robots in healthcare

While the growth of service robot applications in healthcare is rapid, there are
significant barriers to widespread adoption that are worth noting. The first of these
challenges is regulation. Unlike consumer technologies, healthcare is heavily regu-
lated with a stringent review process. This inherently causes a longer development
process dependent on the scope of functions expected of the robot. As expected, the
regulatory approval duration increases with the complexity and risk of these robots.
In a medical setting, such as surgery, there is minimal margin for error as the conse-
quences are often grave. This regulation lends itself to the second issue of liability. If
a service robot is deployed, who is to blame for when it fails to perform correctly? If
used to disinfect a room, and subsequent someone is infected, who at fault? Liability
from a legal perspective must be carefully considered, especially as systems become
increasingly autonomous. Third is privacy and ethics. To excel at their function, these
service robots often require knowledge, or the ability to gather it, about their patient
and need to be able to process that knowledge. However, this may require processing
of the patient’s personally identifying information including voice and face or require
transmission of data outside of the robot. The risk of an unwanted intruder accessing
such information is non-trivial. How privacy concerns for patients, providers, and
insurers are all addressed in robotic settings is an ongoing area of investigation.

The practical deployment of these robots also remains a barrier. While there is
promise, significant portions of the core technology — particularly those that require
interaction with healthcare workers or patients — remains experimental in nature. It
remains to be seen, even with existing widely used medical service robots, whether
the benefits promised by these systems is realized. These systems may vary in perfor-
mance depending on environmental conditions such as network capabilities, audio
noise, lighting conditions, battery life, and so on. This leads to the final remaining
barrier to deployment: cost. The expense of manufacturing and equipping these
robot systems often requires a large initial capital investment, as well as a barrage of
consumables and maintenance requirements. It further requires additional training
for staff, re-vamped workflows, and commonly institutional willpower to continue
to support the systems. These fixed and variable expenses need to be sufficiently
mitigated by the potential or realized gains of robotic system use.

6. Conclusion

In summary, service robots in healthcare are seen as potentially playing many roles
within the patient care setting. In many ways, the health care industry could benefit
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from increased automation which has been notably absent from this ever-important
area. Patients, health care workers, institutions, insurance companies and govern-
ments will find that service robots bring significant benefits in terms of leverage
and cost reductions in the future while maintaining or improving access, equity, and
high-quality health care.
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Understanding the Assistive
Potential of Consumer Technologies:
A Case Example of Smartphones,
Smart Speakers, and Internet of
Things Technologies

Bryan Boyle and Fiachra O’Brolchdin

Abstract

Assistive technology by its very design seeks to maintain, improve, or facilitate
the functional capabilities of people with disabilities and older people. Traditionally,
assistive technologies have been specialist in nature defined by the functional capa-
bilities that it is linked to. However, digital consumer technologies such Digital Voice
Assistants are increasingly building ever greater functionality in efforts to appeal to
users, including those with disabilities. Aimed at a general market as opposed to being
restricted to people with a disability, consumer products, with their lower cost thresh-
olds, can provide a good ratio of social return on investment. Furthermore, the growing
interoperability of technologies such as smartphones, smart speakers, and internet of
things is building hitherto unanticipated opportunities for people with disabilities. This
chapter examines the assistive potential of a range of consumer digital technologies and
explores how they can benefit people with disabilities and older people. Issues pertain-
ing to risks to personal information, autonomy as well as consent while using these
technologies are also outlined. Finally, this chapter concludes with reflections as to how
future consumer products can seek to balance the benefits that can be accrued from
their use with concerns for respecting the privacy of people with disabilities.

Keywords: consumer technology, mainstream, digital technologies, disability, privacy,
autonomy
1. Introduction

As the number of people with disabilities actively using technology to support

their day-to-day activities increases, the benefits afforded by these technologies
are ever more evident [1]." As the use of technology by people with disabilities

! Assistive Technology for People with Disabilities and Older People (2016) Available from: https://www.
enableireland.ie/sites/default/files/publication/AT%20Paper%20final%20version.pdf
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increases opportunities for communication, accessing information and engaging
with online services are extended. Much of the technology used by people with
disabilities is often characterized as assistive technology (AT) which is designed
and developed to address the specific needs of people with disabilities. Such AT is
often designed for a specific group of people with disabilities and aims to address
a specific need or requirement. For example, people with visual disabilities may
seek to use specialist text-to-speech software to present text-based information
available in auditory form. For many people with disabilities however, they are
excluded from using AT by factors such as the awareness of the technology, the
prohibitive cost of specialist technology, and the requirement for installation,
training, and support [2-4].

In contrast to AT which is focused on serving the needs of people with disabili-
ties, consumer digital technology refers to those technologies that are developed
for use by the general public [ref]. Increasingly, digital consumer technologies are
building ever greater functionality in efforts to appeal to as wide a range of users as
possible.

Such digital consumer devices include computers [5], smartphones [6], tablets
[7], smart T'Vs [8], and smart speakers [9]. Aimed at a general market as opposed
to being restricted to people with a disability, consumer products, with their lower
price points, can significantly reduce costs and provide a good ratio of social return
on investment [10]. The increased awareness of digital consumer technologies by the
general population has served to increase awareness of new and previously unimag-
ined opportunities for people with disabilities [11]. Despite the evident potential of
technology for people with disabilities some ethical concerns relating to the use of
such consumer technologies remain, although some ethical issues apply equally those
with and without disabilities some aspects are particular to persons with disabilities
and merit consideration.

The forthcoming sections will explore the assistive potential of a range of exem-
plar consumer digital technology, smartphones, smart speakers, and internet of
things. While highlighting the potential benefits that can be accrued by people with
disabilities, we will also explore some of the incumbent risks that consumers with
disabilities may need to be aware of and consider when making decisions about using
such technologies to support them in their day-to-day lives.

2. Background

A non-discriminatory analysis of the Convention on the Rights of People with
Disabilities suggests that the right to affordable and accessible technologies to support
participation by citizens with a disability should be seen as a national and interna-
tional requirement for those to sign up to the ambitions of the convention [12].
Despite such commitments to ensure equitable provision for all people with a disabil-
ity many see their needs regarding technology remaining unmet [13]. Research has
highlighted several barriers that still limit the provision of technology for those with a
disability who would benefit most from it. These barriers include lack of information,
the probative cost, and the support requirements for specialist assistive technologies
[2]. As accessing assistive technology has become more challenging for people with
disabilities, awareness has increased as to the potential for mainstream consumer
technologies to meet those needs previously addressed by specialist assistive tech-
nologies [11].
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3. Smartphone: supporting communication and digital experiences for
people with disabilities

For many people with disabilities, smartphones are central to their day-to-day
digital experiences [14]. Smartphones refer to a category of mobile technologies
primarily used for telephony that typically have the processing power to perform
many functions associated with personal computers including providing users with
multimedia functions such as photos, audio, and video. Smartphones afford users
internet access, email, and web-browsing alongside features such as location detec-
tion and navigation. Many of the devices that proliferate the smartphone market are
equipped with touchscreens, which allow users of different abilities to modify the
ways in which they interact with and control the functions available. Coupled with
the presence of digital voice assistants such as SIRI and Google Assistant the function-
ality offered by modern smartphones is accessible for a broad range of people with
motor, sensory, and cognitive disabilities [15-17].

The capacity to install and use third-party apps on smartphones further extends
their assistive potential for people with disabilities. A significant proportion of
devices in the smartphone market utilize one of two main operating systems, I0S for
Apple products and the Android operating system which is licensed for use by such
brands as Sony, Samsung, and Huawei. These two operating platforms come with a
range of “native” features and apps including a range of accessibility features such as
magnification and text to speech for users with visual impairments, visual alerts, and
hearing aid connectivity for those with hearing disabilities and voice, switch, and
gesture control for those with mobility challenges.

Both operating systems have designed a relatively straightforward application
ecosystem to allow users to purchase and/or install apps for their own phone and in
many cases personalize these for their own use. The range of apps available across both
platforms has grown exponentially over the past number of years with many special-
ized assistive technology products such as screen-readers for visually impaired users
and text-to-speech apps for those with communication disabilities becoming avail-
able as apps. The availability of alternative and augmentative communication (AAC)
apps alongside the native functions in smartphones offers those with communication
disabilities a relatively low-cost solution to support them in expressing needs and
engaging in social discourse with others [18-20, 21, 22]. Those designing AAC apps are
also seeking to harness the additional functionality available on smartphones such as
location awareness and context history to build communication solutions that are more
responsive to the needs of those with language impairments as they seek to communi-
cate across different environments with different people [23]. For users with develop-
mental challenges and cognitive disabilities, the features available on most smartphones
alongside a range of specifically chosen apps can support the performance of activities
of daily living [19, 24] and improve their self-management skills [25].

4. Case Study 1: “fitting in,” using a smartphone as an alternative to
specialist technology for a teenager with a visual impairment

Rosalie describes herself as a “blind teenager” who is currently preparing for her
state exams and hopes to progress to university to study Economics and Political
Science. She uses a range of technology including a laptop and braille notetaker. It is
however her iPhone that she insists is of most value to her.
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“Because of the native text to speech and the apps that I have added, there is pretty
much nothing my phone can’t do. WhatsApp keeps me in touch with my friends, the
mayp and navigation apps stop me from getting lost and having the internet in my
pocket is all that I need when I am in school and with my friends. Oh and of course, I
can always use it as a phone if I need to talk to my pavents, but not so much.”

She has had technology in various guises since early childhood but reflects on the
advantages she accrues from using a smartphone:

“Twas always a child with so much equipment, I had a braille keyboard another
braille reader and a laptop from the time that I was very young. All were incred-
ibly useful, but if I'm honest I don’t miss any of them. I feel like all my equipment
has shrunk and has been sucked into my phone. I prefer being the girl with a phone
instead of the givl with all the tech, that is just way move normal in my world.”

5. Smart Speakers to support safety and independence in the homes of
people with disabilities

Smart Speakers, otherwise referred to as digital voice assistants, refer to devices
and applications that constitute data-based programs and devices, which can com-
municate with human users and respond to their requests primarily through voice
commands [26]. For many users, the primary function for smart speakers in a home
environment includes offering voice control of daily tasks such as setting alarms,
reminding of schedule, and playing music. Manufacturers of smart speakers such as
Amazon have also sought to offer users new opportunities for online shopping and
e-commerce [27]. Beyond scheduling, setting alarms, and shopping, other uses of
smart speakers include accessing media, hands-free information retrieval, and con-
trolling third-party technologies such as smart bulbs, sockets, and media devices [28].

A scoping review of published literature has highlighted the potential for smart
speakers to be utilized in a diverse range of interventions and provide functional
opportunities for people with sensory, motor, cognitive, and emotional disabilities
[29]. Smart speakers are increasingly seen in use across a wide range of services for
people with disabilities including in healthcare, rehabilitation, and education. An
example of one such application saw smart speakers used as an element of a music-
guided stress reduction program that allowed personalization of one’s intervention
[30]. Other studies highlight the use of smart speakers to improve verbal and social
interaction skills for autistic children [31]. During the COVID pandemic, therapists
looked to use smart speakers as a way of maintaining provision of services such as
Speech and Language Therapy [32].

Although smart speakers are clearly not designed with the needs of people with
visual disabilities in mind, the fact that they are operated and controlled by voice
offers a range of possibilities. A recently published study describes the use of smart
speakers to offer people with visual impairments in educational contexts ways in
which they can easily study texts, listen to course content, and get answers to basic
queries [33]. Marvin describes the development of a smart speaker application that
utilizes the voice interaction and audio feedback functions to provide people with a
visual impairment help recognizing text displayed on real world [34]. For users with
intellectual or cognitive disabilities interacting with technology using voice offers a
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new way of accessing information and services from the web [35]. Smart speakers
can function as a cognitive “assistant” supporting concentration and attention when
performing tasks [36]. Similarly, harnessing smart speakers’ auditory and conversa-
tional feedback may have potential in supporting older people in home environments
particularly those experiencing declining cognitive functions [37]. Further applica-
tions exploiting the functions of smart speakers for older people include supporting
management of type II diabetes [38] and in avoiding the effects of sedentarism
through active monitoring and prompting for regular physical activity [39]. Research
focused on the assistive features and functionality of such devices appears to be
increasing and offers manufacturers a potential roadmap for further expansion of
their consumer reach among people with a disability and older people.

6. Case study 2: freedom and security at home using smart speakers

Jim is a 29-year-old who has a diagnosis of cerebral palsy. This affects his mobility
such that he uses a power wheelchair to mobilize in his home and out in his com-
munity. He lives with his partner Imelda who has spina-bifida. Similarly, Imelda uses
a power wheelchair to support her mobility. They both live in an apartment that has
been built adjacent to Jim’s parent’s home and they have paid carers who help them
with activities of daily living in their homes. With the help of some of their family
and friends they have installed an Amazon Echo Show smart speaker with screen
and have replaced all household lights with Philips Hue Smart Bulbs and all electrical
sockets can be operated via their smart speaker. They have recently installed a Ring
video doorbell and can now see who is calling at their door via the visual display on
their Echo Show smart speaker.

“My main motivation was security, there is no point in denying it, we’re both what
you might consider vulnerable and I didn’t want to trust carers with keys to my home,
being able to see who’ at the door and to choose to let them in or not makes me feel
more secure”: Imelda

“People would probably describe me as a geelk’, but I've always been interested in technol-
0gy because it has allowed me to do things that my hands and legs won’t allow me to”

“For me it’s the freedom that it gives us to switch off the lights in our own home at
night and the ability to just use our voice to switch on some music or the TV, you can’t
put a prices on that freedom.”

Jim

7. The Internet of Things: the promise of affordable “smart-homes” for
people with disabilities

Developments in recent years in networked, wireless, and internet-based technolo-
gies including what is referred to as Internet of Things (IoT) have opened a realm of
possibilities for people with disabilities. IoT has seen a range of technologies previously
referred to as “smart-home technologies” come to the mainstream market at a price
threshold well below that of specialist, disability-specific technology [40]. Advances
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in cloud computing have ensured stable connectivity and data exchange between ever
more household objects. Within a typical home environment, the IoT often refers to
the connectivity between common appliances such as kettles, fridges, lights, doors,
cookers [41]. It can often refer to devices that support the running and maintenance of
the building including alarms, heating, energy management, and water [42, 43]. It also
serves to provide control and access to home entertainment systems and even toys [44].
For people with disabilities and older people, connecting everyday objects and changing
how we as human operators interact and engage with these offer a broad scope for future
development of applications in domains such as accessing information and services,
manufacturing, logistics and transportation, eHealth, and smart homes and cities.

A recent European Commission report summarized some potential areas where
emergent, networked technologies (IoT) might support people with a disability.
These include the following:

1. Seeking assistance and help from outside the home environment.
2. Monitoring health conditions and identifying emergent health issues.
3.Supporting the delivery of medication and other health interventions.

4.Environmental automation—automatically adjusting the immediate ambient
conditions, e.g., light, heat, ventilation.

5.Intelligent transportation [45].

Much of the reported research pertaining to the use IoT technologies for people
with disabilities and older people examines and explores its application in smart-
home solutions. Many of those smart-home solutions see IoT technologies paired with
voice-controlled technologies such as smart speakers or smartphones thus extending
the application of this range of consumer devices. The benefits of IoT for those with
mobility difficulties include savings in exertion and decreased risk that devices such
as smart-plugs and remotely controlled lights [46]. For those whose disability impacts
their mobility IoT technologies can play a role in providing greater independence
outside of their homes and throughout their communities [47].

Published literature also describes how the application of IoT technologies can
support people with visual disabilities [48], people with cognitive or intellectual
disabilities [49], people who are deaf or hard of hearing [50], and those with mental
health issues [51]. For older people and those who spend more times in their homes
due to their disabilities applications for IoT technologies include calling for help in
emergencies, staying in contact with relatives and friends, monitoring their health
status [52], and controlling lights and home temperature [53]. IoT offers vulnerable
users and their families with opportunities to increase safety in home environments
using technologies to detect falls and alert others [54, 55].

Much has been made of the possibilities available when most household objects can
be incorporated into the IoT, including smart fridges that can support activities such as
shopping, health eating, and budgeting [56, 57]. Similarly, developments in other objects
such as the shower [58], cooker [59], and washing machines [60]. Despite reports of the
potential of such connected IoT devices, to date there has been limited transfer of this
potential to market ready consumer technologies. The reported benefits of IoT technolo-
gies currently available to consumers are limited to a narrow range of functions including
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controlling lighting and electrical sockets. This can be seen as reflective of the limited
number of “smart-devices” currently available to the mainstream market.

The potential of IoT technologies remains somewhat speculative, as such how they
may potentially serve the needs of people with disabilities remains unexplored. It is
likely that the full potential of these emergent technologies will unfold as more and
more products come to market and is more readily available to all consumers. It must
be remembered, however, that as with smartphone and smart speakers it is likely that
the applications of IoT technology for people with disabilities will be led by the emerg-
ing functionality of the technology rather than the expressed needs of users [49, 61].

8. Ethics and privacy considerations for people with disabilities

In examining some of the ethical issues that pertain to the use of many of the
consumer digital technologies described here, it is worth considering their use
within a broader political and economic context. As mentioned previously, people
with disabilities are not the constituency for which many of these technologies are
designed for. Rather they have been developed for widescale use by broad swathes of
the general consumer market and are motivated by the commercial imperatives of
large-scale corporations such as Amazon, Google/Alphabet, or Apple. One commer-
cial rationale for such technologies is to leverage their ability assist large companies
and corporations to compete, to varying degrees, for people’s data to better attract,
retain, and direct users’ attention. The ease at which consumer technologies are used
to gather user data, the extent of the data harvested, and the uses to which it is put is
not easy to determine. This may partially be understood when we consider that large
tech corporations are coy about exactly how their technologies are designed to detect
our voices and why. In the case of Amazon, the developer of the Echo smart speaker
range, much of their technologies are based on patents that list a range of traits they
might collect, including identity and feelings [62].

A primary concern for those interested in examining the ethics of using consumer
technologies use by people with disabilities is how an individual’s privacy may be
impacted. Privacy is a complicated and contested construct, one which must be
considered from a broad range of perspectives. It is often considered that privacy is
not only subjective but is interpreted differently in legislative and cultural contexts
[63, 64]. Despite these challenges with definition, there exists a consensus that
privacy is of great importance across all societies. This is reflected in several interna-
tional documents that enshrine privacy as a basic human right [65, 66]. According
to these documents, states, institutions, and individuals have a general obligation to
respect privacy. For smartphones and smart speakers in particular, their functioning
depends on their ability to listen to users and to store and manipulate this data. In
the case of smart speakers, these technologies are designed to have the capacity to
continuously listen to users and to events in their homes thus creating risks to and
potentially a significant threat to people with disabilities’ privacy. Different datasets
have the potential to reveal much about the user, including information that could be
revealing of habits, preferences (political, cultural, sexual), psychological well-being,
and physical health. When considered in combination with each other, smartphones,
smart speakers, and internet of things technologies can be seen to represent an aural
network capable of impacting a person’s confidentiality, anonymity, and account-
ability in the process becoming a new burden on the user. For people with disabilities
their rights to decisional privacy highlight the importance of being able to decide
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without (undue) influence from third parties such as healthcare providers, insur-
ance companies, or commercial entities, for example, online shopping or financial
services. A further dimension worth considering for people with disabilities is the
right to physical privacy which is concerned with issues such as bodily modesty and
intimate events. Access to data and the ability to draw inferences from such data
could potentially reveal a person’s care needs and their vulnerabilities, information
that could present as attractive to malevolent agents. Similarly, associational privacy
relates to an individual’s ability to choose with whom one associates. Smartphones, by
the nature of their functionality and the data they store locally and across networks,
risk disguising new associations with those that store or whoever might buy that data.
Large corporate entities such as Amazon, Google, and Apple are not oblivious
to the potential ways in which using their products can impose upon an individual’s
privacy, including that of people with disabilities. In efforts to address these risks, and
potentially to minimize the liability of such risks using their technologies, services
are conditional on the user agreeing to the terms and conditions of using a DVA, i.e.,
they have given their consent. This, however, presupposes that the user has read or
understood the terms of the contract. For some people with disabilities where their
cognition or capacity for understanding is compromised, the explicit provision of
consent that is informed and offered willingly can be problematic. Furthermore, it is
also possible to question the fairness of such a contract between technology provider
and user in the first instance. The provision of consent implies that users are fully
informed about what is being recorded and a requirement to determine how the data
gathered may potentially be used. While the value of ensuring transparent processes
to support the informed consent for people with disabilities has been recognized in
medical ethics for the past few decades, it has only recently entered debates around
big data, data mining, and novel technologies [67-69]. Informed consent “is usually
understood as informed, voluntary and competent consent” [70]. In the event that a
person is using a technology that is capable of recording, storing, and re-purposing
information about a person’s disability or functioning the issue of informed consent is
even more pertinent. Disabilities and those that experience them are varied, forming
a wide spectrum of capacity and ability. Within any cohort of people with a disability,
some will have the ability to provide informed consent. For others, fully informed
consent may only be possible under the right conditions and where everything has
explained clearly. For some however, it may be that the ability to consent to one’s what
may happen to one’s data when using such consumer technologies may not be pos-
sible. As the risks associated with using consumer products that have the capability
of harvesting personal data increase, it is conceivable that the market may contract as
individuals become more concerned with the risks to the autonomy of their own data
and to their privacy. For segments of the consumer market with additional vulner-
abilities in terms of the risks, they may face manufacturers and service providers such
as large corporations may need to move beyond a one-size-fits-all model of how data
is collected and managed. The procedures around informed consent for commercially
available digital technologies such as smartphones, smart speakers, and internet of
things may need to be adapted to accommodate these requirements.

9. Case study 3: benefits and risks: trading privacy for independence

Damian works as a freelance journalist and lives at home with his wife and two
young children. He was diagnosed 7 years with Multiple Sclerosis which has had
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an impact on his mobility and how he manages his fatigue. He uses a smartphone
primarily as a means of doing his job as a journalist and uses Google Hub with a Hive
thermostat to control his home heating and with smart plug sockets so he can mini-
mize physical exertion in activities in his home.

“Maybe because of the work that I do, I am more aware of the risks, there is a sense, par-
ticularly with the Google Hub that someone is listening all the time. But I remind myself
that the benefit to me, to these devices help me manage my energy during the day, it
outweighs the visk that someone is listening in to my conversations with contacts or study-
ing what I am doing here in my own home. I don’t spend a great deal of time worrying
about it, but I do have to be aware that I have an incurable neurological condition and
that is not something that 1 want everyone to necessarily know about, I do have concerns
that information might get out therve. That is something that I do need to consider”

10. Summary and conclusions

The uptake of consumer digital technologies by people with disabilities suggests that
accessibility and equality goals can best be met through leveraging the potential of these
technologies [71]. It must, however, be recognized that the assistive potential of many of
these technologies were never designed to ensure equity of access for people with dis-
abilities, rather they were designed to appeal to as broad a swathe of the consumer market
as possible. Features such as voice-control, touchscreen access, text to speech, and other
features provided opportunities for those with diverse motor, sensory, and cognitive
needs to use the technology. Furthermore, the ability to access the technology ensured
that users with diverse needs could in turn exploit the broad functionality of these
“connected” devices. It may be too soon to herald the decline of very specialized assistive
technologies in favor of what must be considered “accessible” consumer technologies. It is
clear, however, that the availability and costs associated with consumer digital technolo-
gies should result in more people with disabilities using these, perhaps alongside more
specialist, bespoke solutions. It is reasonable to assume that as awareness increases of
people with disabilities as a sizeable market segment further attention will be given to
developing expanded functionality aimed at addressing some of their specific needs.

Consumer digital technologies undoubtedly present opportunities for many users
with diverse needs and requirements. This includes making it easier to access the online
world, control other devices, communicate readily with others, and live their best
digital lives. There is, however, a growing debate about the potentially intrusive nature
of such “connected” devices and the use of the data captured. The potential technology
can offer people with a disability must be balanced against the need to ensure their
right to information privacy and security [10]. Concerns regarding safety, privacy, and
autonomy have the potential to erode the confidence people with a disability have in the
choice making and control available to them. Companies such as Amazon, Apple, and
Microsoft, among others, may see the market for their products diminish if the con-
cerns of people with disabilities begin to outweigh the perceived benefits of using these
technologies. Leading analysts such as Forbes have estimated that anywhere between
$10 and $16 billion will be spent on realizing accessibility requirement for consumer
digital products’. Recent online debates, however, point to a growing awareness of the

* https://www.forbes.com/sites/forrester/2021/07/01/how-10b-in-design-spending-will-soon-be-up-for-
grabs-annually/?sh=2bda56611ead (accessed January 2023).
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problems associated with disassociating ethical considerations from the design of new
technologies®. A recognition that people with disabilities and older people are a market
segment for consumer technologies that is likely to grow exponentially over the next
few years has focused the attention of these companies. Legislative changes in Europe
including the eAccessibility Act [72] promise more market opportunities for accessible
technologies and accompanying services. Furthermore, such legislation builds upon
previous efforts to ensure that safeguards are in place to assure all citizens as to their
rights to digital privacy [73]. Efforts are also underway by advocacy bodies such as the
European Disability Platform have sought to increase awareness of the issue through the
publication of policy and guidance statements.*

While legislation alone may not fully address some of the concerns of people
with disabilities, it is, however, likely to increase their opportunities to purchase
these technologies with the same consumer rights as all other users. It is likely that
an increased uptake in these consumer devices by people with disabilities will open
greater opportunities for discussion and debate as to how greater access to the benefits
of the technology can be balanced with the need to ensure the privacy and autonomy
of consumers with disabilities.
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Chapter 4

Perspective Chapter: Vocational
Rehabilitation, Information,
Communication Technology, and
Assistive Technology Devices for
Employment

Kai Seino

Abstract

This paper aims to clarify the present and future of ICT and AT devices in the
field of vocational rehabilitation in Japan through a literature review. The spread of
COVID-19 pandemic in 2020 has led to a rise in the number of telework and remote
employment support for persons with disabilities. Such practices are very likely to use
ICT, such as email and web conferencing services, as well as associated AT devices.
Accordingly, clarifying the current status and future of ICT and AT devices for
vocational rehabilitation will be useful in improving the quality of employment sup-
port for people with disabilities. First, the devices introduced by disability type on the
web page of a public rehabilitation organization in Japan, are summarized, in order
to present an overall picture of the status of ICT and AT devices for employment.
Secondly, a systematic review was conducted based on the PRISMA flow diagram
to identify trends in research on ICT and AT devices for employment of persons
with disabilities. The database search and hand search resulted in the selection of
36 papers. The selected studies were classified into “type of disability” targeted and
“employment support setting” based on the study objective and content.

Keywords: persons with disabilities, vocational rehabilitation, information and
communication technology, assistive technology, assistive technology devices

1. Introduction
1.1 Current situation of ICT and AT devices

According to the Ministry of Internal Affairs and Communications [1], in recent
years, information and communication technology (ICT) has become a common
entity in Japan, with over 90% of households owning a mobile device such as a cell-
phone or smartphone. As Apple [2] and Vector inc. [3] point out, these mobile devices
include a variety of assistive functions and applications that can be utilized by people
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with disabilities, such as text-to-speech and speech-to-text, and the line between ICT
and assistive technology (AT) devices is beginning to blur.

Additionally, the spread of the novel coronavirus (COVID-19) pandemic
in 2020 has led to a rise in the number of companies practicing telework and
employment support institutions for persons with disabilities offering remote
support [4, 5]. Such telework and remote support practices are very likely to
use ICT, such as email and web conferencing services, as well as associated AT
devices. Accordingly, clarifying the current status and future of ICT and AT
devices for vocational rehabilitation that are used in employment support and
working life (hereinafter, ICT and AT devices for employment) will be useful in
improving the quality of work and employment support for people with disabili-
ties in the future.

1.2 Changing needs and expectations for ICT and AT devices

In Japan, changes in the needs of people with disabilities due to COVID-19 were
discussed at the Labor Policy Council Group Discussion for Employment of Persons
with disabilities in October 2020. With respect to a basic understanding of the
current situation, they indicated a “growing need for online employment support
and telework in response to technological innovations and the novel coronavirus.”
Furthermore, they presented “consideration of future strategies, including training of
those who already have a job and online training in accordance with diverse needs, in
coordination with human resource development policy” as a course of action for the
time being [6]. Further, in November 2020, it was noted that “the spread of a work-
style applying digital technologies such as telework and robotics also has the potential
to increase opportunities that enable active participation by people with disabilities
for whom employment has previously been difficult” [7]. In other words, there are
great expectations for the effective application of new technologies regarding work
and employment support for people with disabilities.

1.3 The objective of this paper

In light of these circumstances, this paper aims to clarify the present and future of
ICT and AT devices in the field of vocational rehabilitation in Japan through a litera-
ture review.

The terms used in this paper are defined as follows: ICT is a generic term for the
information and communication environment, including devices used for informa-
tion and communication. Assistive technology (AT) devices are devices used to
reduce the challenges and barriers resulting from the disability and are not limited to
devices designed specifically for people with disabilities.

2. Approaches to ICT and AT devices for employment
2.11ICT and AT devices and assistive technology
The ICT and AT devices discussed in this paper can broadly be defined as

assistive technologies (AT). AT was first defined in this way in the United States
Technology-Related Assistance for Individuals with Disabilities Act of 1988 [8].
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In this law, AT is divided into assistive technology devices and assistive technology
services, which are defined as follows: “the term ‘assistive technology device’ means
any item, piece of equipment, or product system, whether acquired commercially
off the shelf, modified or customized, that is used to increase, maintain, or improve
functional capabilities of individuals with disabilities.” “The term ‘assistive technol-
ogy service’ means any service that directly assists an individual with a disability in
selecting, acquiring, or using an assistive technology device.” Such a term includes
evaluation and examination; purchasing, leasing, or otherwise providing for
acquisition; selecting, designing, customizing, or repairing; and training or techni-
cal assistance [9].

2.2 The International organization for standardization (ISO) and the
international classification of functioning, disability and health (ICF)

The International Organization for Standardization’s (ISO) ISO9999: Assistive
Products for Persons with Disability—Classification and Terminology and the
World Health Organization’s (WHO) (2002) [10] International Classification of
Functioning, Disability and Health (ICF) offer exemplary, international definitions
related to ICT and AT devices.

First, ISO9999, an international standard for assistive product classification,
defines an assistive product as “any product (including devices, equipment,
instruments, and software), especially produced or generally available, used by or
for persons with disability for participation, to protect, support, train, measure
or substitute for body functions/structures or activities, or to prevent impair-
ments, activity limitations, or participation restrictions” [11]. The ISO9999 (2011
edition) establishes the following 12 major classifications: “medical devices,”
“technical and training devices,” “artificial limbs,” personal care-related devices,”
“mobility equipment,” “household devices,” “furnishings, fixtures, architectural
accommodations,” “communication and information support devices,” “devices
for handling objects,” “environment-enhancing equipment/work-related devices,”
“employment/job training devices,” and “recreation devices” [12]. The ISO9999
includes a classification for employment-related devices, but in a broader sense,
any other devices necessary for employment could also be considered employ-
ment-related devices.

Subsequently, in the ICF, an individual’s everyday functioning is described
as an interaction of health, functioning (1. body and mental functions and body
structure, 2. activities, 3. participation), and background factors (1. environmen-
tal factors, 2. individual factors). The components of the ICF have a hierarchical
structure. “Products and technology” is a sub-classification of environmental
factors and includes the further sub-classification of “products and technology for
employment.” ICT and AT devices for employment would primarily fall into this
sub-classification.

3. The status of ICT and AT devices for employment
In this section, the devices currently introduced by disability type on the AT

devices for employment page of the National Institute of Vocational Rehabilitation
website [13], a public rehabilitation organization in Japan, are summarized as shown
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in Table 1", in order to present an overall picture of the status of ICT and AT devices
for employment. As of January 2021, the page featured devices for six types of dis-
ability. Note that devices for psychiatric disorders and higher brain dysfunction are
not included.”

Here, the primary feature of the disability and its necessary devices will be
described. First, for visual impairment, devices related to text-to-speech, magnifica-
tion of images and text, and input or display of braille have been introduced. Next, for
hearing impairment, devices for non-audio notifications, speech-to-text, aiding com-
munication, and adjusting volume and voice have been introduced. For upper limb
disability, there is impaired function of the hands or fingers, and devices for speech-
to-text without using hands, assisting input using means other than the hands, and
aiding holding and gripping have been introduced. In lower limb disability, there is
impaired function of the feet or legs, and wheelchairs and height-adjustable desk
devices for use in the workplace have been introduced. In intellectual disability,
there is impaired cognitive function (e.g., intellectual function), and a timer for
self-management of work schedules and other tasks has been introduced. Regarding
developmental disability, timers presenting time visually have been introduced for
instances involving difficulty in understanding clocks, and devices reducing visual
and auditory stimulation have been introduced for sensory hypersensitivity [13].

Some devices can be used in multiple disorders, including “signaling devices” with
a notification function, which can be used in visual impairment and hearing impair-
ment; “voice recognition” capable of speech-to-text used in visual impairment, hearing
impairment, and upper limb disability; and “phone-related devices” capable of adjust-
ing volume or voice, or speech-to-text, used in hearing impairment and upper limb
disability. Among “environmental control devices,” weighted chain vests and blankets
have been introduced as an aid for physical sensation in people with developmental dis-
orders. However, Ekholm et al. [14] reported that these tools are also effective for people
with psychiatric disorders. Thus, when it comes to ICT and AT devices for employment,
it is essential to choose the appropriate device considering not only the type of disability
but also the challenges that the support recipient needs assistance with.

4. Previous studies regarding ICT and AT devices for employment
4.1 Research trends
4.1.1 Research question and method
This section discusses a literature review conducted to identify trends in research on

ICT and AT devices for employment. A systematic review was conducted based on the
PRISMA flow diagram.’ Details of the protocol and a flow chart are shown in Figure 1.

! Here in the database, I have organized the equipment presented by each disability in the “Select by
Disability” section.

? Disability names include higher brain dysfunction, but no devices were listed as of January 7, 2021.

3 A systematic review is a method of comprehensively collecting, evaluating, and integrating the literature
on the scientific evidence of studies relevant to a research subject. The PRISMA (the Preferred Reporting
Items for Systematic Reviews and Meta-analyses Statement) flowchart is a graphical representation of the
systematic review process. This study followed the PRISMA flowchart procedures to the extent possible.
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Study counts
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Figure 1.
Procedure of the present study.

4.1.1.1 Database search
4.1.1.1.1 CiNii (National institute of informatics)

Papers were searched using a mixture of terms related to employment, dis-
ability, ICT, and AT devices. Search terms were: (employment OR work OR
occupation) AND (disability OR disabled) AND (ICT OR information and com-
munication technology OR information device OR tablet device OR smartphone
OR cellphone OR assistive technology device OR assistive technology). Note that
these terms were searched in Japanese. The search resulted in the selection of 88

papers.

4.1.1.1.2 Organizational chart of studies on vocational rehabilitation (National institute
of vocational rehabilitation)

This organizational chart arranges reports from the National Institute of
Vocational Rehabilitation using frameworks such as “the relationship with ICF,”
and can be used to search reports connected to relevant sub-items [15]. For exam-
ple, in the present paper, relevant reports were selected from the ICF environmen-
tal factor sub-items of “understanding the status of use, needs, etc. of employment
assistive technology devices,” “development of employment assistive technology
devices,” and participation sub-item “research on understanding the status of
diverse workstyles, etc. among people with disabilities.” The search resulted in the
selection of 12 papers.

4.1.1.2 Hand search

Relevant papers were identified from the references of the papers selected in A and
B above. The search resulted in the selection of four papers.
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4.1.1.3 Exclusion criteria and number of papers/studies

First, duplicate papers were excluded. Academic conference abstracts and
symposium lecture transcripts were also eliminated from the selected papers. For
separate reports or articles that were clearly reporting the same research results,
only the most recent study was counted. Subsequently, the selected papers were
collected, and articles that did not correspond to the research question were elimi-
nated based on the title, abstract, and main text.* This resulted in the selection of
30 papers.

Studies were then extracted from the papers and counted. Each separate objective
or method of survey, development, implementation, etc., was, respectively, counted
as one study. Thus, a single paper or report sometimes yielded multiple studies.
Ultimately, 30 papers containing 36 studies were extracted.

4.1.2 Study counts

The 36 selected studies were classified into the “type of disability” targeted,
and “employment support setting (general, consultation/training, expanding
range of work, employment, continued employment)” based on the study objec-
tive and content. For the classification of employment support settings, those
studies that are not limited to specific support settings are classified as “general”,
those related to pre-employment vocational counseling, learning, and training as
“counseling and training”, those aiming to expand into new occupations or duties
as “expanding range of work”, those related to the actual workplace as “employ-
ment”, and those related to continued employment for those who developed new
disabilities during employment as “continued employment”. The results are shown
in Table 2. Looking at the results for the number of studies by type of disability,
we found that the most common type was physical disability, with 20 studies.
Considering the employment support setting, the most common was employment
with 12 studies. However, classifications of disability and employment support
settings were made based on the study objective and content in order to under-
stand research trends. In reality, ICT and AT devices could likely be applied to
other disabilities and settings depending on the employment challenges and goals
of support.

4.1.3 Summary of vesearch content

The content of the selected studies is shown in Table 3. Here, surveys, develop-
ments, implementations, and secondary analyses have been compiled by employment
support setting and summarized.

4.1.3.1 General

Studies concerned with general employment support settings were as follows: Among
studies targeting all disabilities, “surveys” included a survey of the actual conditions of
ICT use at work support centers for continuous employment type B, which reported the
conditions of ICT use in supporting and contacting clients as of 2018, before the impacts

* In this study, the author alone was responsible for determining the applicability or non-applicability of
the literature.
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Employment General Consultation/ Expanding  Employment Continued Total
support setting training range of employment
work

Type of
disability
All Disabilities 3 4 4 — — 1
Physical 2 2 3 12 1 20
disability (Ortho/ (Ortho2) (Ortho1 (Ortho2 (Visual 1)

visual 1 - visual 2) - visual 10)

- Ortho1)
intellectual — 2 — — — 2
disability
Psychiatric — — 1 — — 1
disorder
Developmental 1 — — — — 1
disability
Higher brain 2 — — — — 2
dysfunction
Intractable 1 — — — — 1
disease
Multiple — — — 2 — 2
disability
Total 9 8 8 14 1 40

*For physical disabilities, a breakdown of the specific disability types has been provided in parentheses if the
information was available.
*Ortho = orthopedic impairment, visual = visual impairment.

Table 2.
Research papers on ICT and AT devices in vocational rehabilitation.

of COVID-19 [16]. The report found that ICT was used in direct support for “creation

of support plans” (69.6%), “creation of support records” (64.0%), “work instruction,
etc” (40.2%), “communication” (25.4%), and “leisure” (32.8%). Further, 34.1% of
facilities felt that “email should be used in contacting clients” and 19.0% felt that “Social
Networking Service (SNS) such as Line should be used in contacting clients”; 32.0% and
16.6% were actually using “email” and “SNS such as Line,” respectively, to contact clients.
These figures have likely changed drastically since then, considering the current need
for online contact and consultation due to COVID-19. Next, there were two “secondary
analyses” using the same survey data: a report on the challenges of utilizing assistive
products [17] and a report on differences in the actual conditions and possibilities for the
use of ICT and AT devices for different disability types [18]. Among studies targeting
physical disabilities, “surveys” assessed the need for AT devices for physical disabilities
and visual impairments [19], and “developments” included the development of an
assistive input function for smartphones regarding physical disabilities [20]. Among
studies targeting developmental disabilities, “surveys” included a survey report on the
conditions of effective use of time aids supporting time management [21]. Regarding
studies targeting higher brain dysfunction, “developments” included the development
of a cellphone application supporting task performance [22], and “implementations”
included a report on group work for AT use [23].
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4.1.3.2 Consultation/training

Studies concerned with consultation/training settings were as follows: Among
studies targeting all disabilities, “surveys” included a survey of the actual conditions
of ICT use [26], “developments” included the development of teaching materials for
learning workplace communication online [28], and “implementations” included
consultation using a mailing list [25]) and support using an iPad and an application
[27]. Among studies targeting physical disabilities, “developments” included the devel-
opment of an e-learning system for physical disabilities [26], and “implementations”
included a report on at-home training courses for physical disabilities [25]. Regarding
studies targeting intellectual disabilities, “developments” and “implementations”
included the development and implementation of a web bulletin board for learning
support [29], and “secondary analyses” included the introduction of devices at welfare
centers [30]. Of these studies, those concerning online consultation/training will be
particularly helpful as tools aiding remote support. Moreover, given the likelihood that
remote support needs will persist and grow going forward, further development and
validation of the effectiveness of such systems and tools enabling remote consultation
and learning for people with disabilities are expected in the future.

4.1.3.3 Expanding range of work

Studies concerned with expanding the range of work settings were as follows:
Among studies targeting all disabilities, “surveys” included surveys of the actual
conditions of work from home support groups [32] and of work support centers con-
ducting operations using personal computers [33, 34]. Next, among studies targeting
physical disabilities, “surveys” included a survey of character layouts for the develop-
ment of teaching materials for visual impairments [36], and “developments” included
the development of a keyboard for upper limb disabilities [35] and screen reading
software for visual impairments [37]. Among studies targeting psychiatric disorders,
“surveys” included a survey of the actual conditions of telework and ICT use [38].

4.1.3.4 Employment

Studies concerned with employment settings were as follows: Among studies
targeting physical disabilities, “surveys” included surveys of the wheelchair needs
in physical disabilities [39], the status of use of magnifying devices for reading
regarding visual impairments [41], personal computer use [42], and the status of
use and improvement needs for devices [45]; “developments” included the develop-
ment of an office-use wheelchair for physical disabilities [39] a magnifying device
for reading for visual impairments [41, 44], a tactile mouse and tactile display [43],
and finger braille support and a tactile display for people with both hearing and
visual impairments [46].

4.1.4 Summary of vesearch trends

Looking at past studies by disability type, most were on the development of AT
devices without communication functions for people with physical disabilities.
Potential reasons for this include that, in the narrow sense, “AT devices” refer to
assistive devices such as artificial limbs for people with physical disabilities, and that
the functional impairments of physical disabilities tend to match the characteristics
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of devices that support or replace the function in terms of suitability. However,
considering the current growing need for remote support and telework, the accumu-
lation of more research on the use and application of ICT and AT devices for other
types of disabilities can be expected in the future. One helpful example of this is
SPIS (Supporting People to Improve Stability), a support system helping people with
psychiatric disorders and developmental disabilities keep their jobs [47]. According
to the SPIS Research Institute [47], SPIS is a daily report system that monitors mood,
physical condition, work, and interactions with others used for work management
and self-monitoring. This kind of system can also be considered an ICT and AT
device. With the current decline in opportunities to meet face-to-face with others due
to the transition to telework, tools that can be managed remotely, like SPIS, are likely
to be particularly effective.

Although it was not addressed in this review, it is quite possible that ordinary
device functions and general applications unrelated to disabilities are being used by
people with disabilities for employment purposes. In other words, devices that were
not developed specifically for people with disabilities or employment may be used for
employment purposes. As these devices are not new, they get little research coverage,
but gathering information and ideas for the use of such devices through implementa-
tion reports and sharing usage examples may be useful for providing support.

4.1.5 Expectations for development

This review included survey, development, implementation, and other study
methods, but the most distinctive was development. Research on conventional sup-
port includes the development of teaching materials and programs, but the develop-
ment of technology and products, including cutting-edge engineering techniques, are
a unique feature of studies of ICT and AT devices. Specifically, the participation of
future users in the development process, as taken by Takezawa et al. [28], and multi-
disciplinary collaborative research and development in which interpersonal support
professionals from the fields of welfare and medicine collaborate with engineering
researchers are likely to be effective.

5. Conclusion

This paper first presented a basic framework of approaches to ICT and AT
devices for employment, clarified the status of such devices in Japan, and identi-
fied research trends. At present, a good amount of information on implementation
and research on ICT and AT devices for employment has been collected. However,
the following three issues are challenges to be addressed in the future: First, the
scope of ICT and AT devices for employment is not clear. Second, there is a dearth
of research on AT devices for non-physical disabilities. Third, many of the studies
are reported as bulletins and implementation reports; there has been little valida-
tion through scientific research. The efforts described below may be effective in
resolving these challenges. Regarding the first challenge, the findings on ICT and
AT devices necessary for everyday and professional life (e.g., mobility), in settings
other than those directly related to employment (e.g., training, work duties), should
be comprehensively compiled. For the second challenge, as Shiruma et al. [27]
suggest, findings from the field of special education in which the use of ICT and AT
devices such as tablets is particularly advanced should be referenced. Moreover, ICT
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and AT devices for employment should be viewed more widely, including self-care
and stress monitoring tools like the SPIS system for psychiatric disorders described
above, not just tools compensating for functional disabilities. Concerning the third
challenge, practical, scientific research with participation and implementation by
people with disabilities should be promoted. The increase in telework and remote
work accompanying the COVID-19 pandemic has led to a greater need to use ICT
and AT devices to perform duties, manage work, and support and contact clients,
thereby accelerating its use. The accumulation of further research and implementa-
tion initiatives is hoped to improve the effectiveness of ICT and AT device applica-
tions in the future.

Future prospects include the potential to facilitate employment and an expanded
range of work for people with disabilities through both the effective use of existing
technologies and products, and the development of new technologies and products.
Furthermore, when developing new ICT and AT devices, it will likely be effective
to promote collaboration with multidisciplinary professionals and participation
by people with disabilities in research and development, as has been highlighted in
recent years.

The following are two limitations of the present paper: First, since the paper dealt
only with previous studies on employment of people with disabilities, it did not
consider general devices unrelated to disabilities or settings outside of training and
work. Second, the organization of devices focused on disability types and employ-
ment settings, and therefore did not compile devices from other perspectives, such as
type of difficulty or disability severity. These are challenges for future research.

It is hoped that the response to COVID-19 will be used as an opportunity for those
involved in employment support to take a fresh look at how ICT and AT devices
should be used for employment, thereby contributing to the realization of better
professional lives.
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Perspective Chapter: Assistive
Technology Ecosystem for
Effective Self-Care — Application to
Alzheimer’s and Related Dementia

Helen H. Chen, Meenu Sikand, Ying Zhu and Zeeyaan Bourdeau

Abstract

People living with Alzheimer’s disease and related dementias (PwADRD)
experience declined memory, language, problem-solving and other cognitive
functions caused by the disease. They face major challenges in self-care and assis-
tive living, including equitable access to assistive technology and care, the right to
choose where to live, protection of privacy and security, and the preserving their
personhood and social connections. Fast advances in telecommunication, Internet
of Things (IoT) technology, and artificial intelligence make it possible to devise an
assistive technology ecosystem to address these challenges. This chapter presents
an assistive technology ecosystem that enables autonomy, independence and inter-
dependence among PwADRD, their circle of care and society. Participatory action
research and design methodology underpin this ecosystem’s design and imple-
mentation. We also discuss funding policy and health system changes needed to
facilitate the affordability and sustainability of such an ecosystem and, ultimately,
to empower PwWADRD and their caregivers to have a meaningful quality of life.

Keywords: assistive technology ecosystem, people living with Alzheimer’s disease,
dementia, participatory action research design, self-care, independent living,
interdependence, IoT, artificial intelligence

1. Introduction

Alzheimer’s disease and related dementia (ADRD) is an acquired cognitive
disorder that causes a person’s progressive decline in memory, language, learning,
problem-solving and other cognitive skills [1]. Alzheimer’s disease is the leading
cause of dementia, with a larger prevalence in women and older adults - 72% of
people with Alzheimer’s are projected to be women by 2030; most individuals
who are diagnosed with ADRD are 65 or older, and after the age of 65, the risk of
ADRD doubles every 5 years, reaching nearly one-third at age 85 [2]. According
to the World Health Organization, approximately 55 million people around the
world currently live with dementia. In 2022, 10 million new cases of dementia
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were reported around the world [1]. In Canada, approximately 570,000 people
over the age of 65 currently live with dementia. In addition, approximately
124,000 people were recently diagnosed with the syndrome [2]. These numbers
are rising sharply owing to increased life expectancy globally as well as earlier
diagnoses. In 2015, about 15% of Canadians were 65 or older; and by 2030, one in
four Canadians will be an older adult [3]. This translates into an unprecedented
number of people living with ADRD (PwADRD) with a relatively small number
of people to support them.

PwADRD experiences a progressive decline in cognitive functions and sudden
changes in mood and behavior. These changes affect a person’s ability to perform
everyday activities. PWADRD experience challenges with self-care, limiting their
ability to perform or complete activities of daily living themselves. This led to
additional caregiving demands on family members and personal care workers who
provide care and support for those living in their own homes or congregate settings.
As of 2020, ADRD is among the top four diseases from the standpoint of global
healthcare pressure points and is anticipated to be in the top three by 2030 [4]. In
Canada, a recent study estimates that the combined Canadian healthcare costs and
out-of-pocket caregiver costs from ADRD amounted to $10.4 billion in 2016; by
2031, this Figure is expected to increase to $16.6 billion [4]. The alternative of living
in a residential facility is both very costly and unsustainable, which can expose
PwADRD to severe health risks (as exemplified in the COVID-19 pandemic). In
Ontario, the cost of memory care (a facility providing specialized care for those
living with dementia) is $4000-$6500 per month per person [5]. There is a first-
ever Canadian Dementia Strategy in Canada that has called for a shift to provide
integrated community-based care as the primary means of supporting PwADRD
and their care partners in Canada [6]. However, for a community-based system to
be successful, the health and well-being of both PwADRD and their care partners
must be properly supported [7].

Technological advances make it possible to devise an IoT ecosystem to address
self-care-related challenges while simultaneously improving the quality of life
of PWADRD and their care partners and mitigating the global economic burden
[6, 8]. While some disparate [oT solutions have been developed across the globe
by research groups such as those associated with the Active Assisted Living (AAL)
Programme (http://www.aal-europe.eu/) and AGE-WELL (https://agewell-nce.
ca/), a single ecosystem that can support the implementation of assistive technolo-
gies at scale is still lacking for PwADRD in their chosen dwelling, particularly at
their own home. Furthermore, interoperability, data-sharing, and privacy and
security are identified as major challenges in AAL.

2. The voice of the users — participatory action design methodology

Participatory Action Research is an innovative research design which can be
implemented when developing resources for PwADRD. The qualitative research
methodology is collaborative between researchers and participants [9]. This
approach is effective in addressing stigma related to dementia by engaging mem-
bers of the community to take action and inspire and empower social change [10].
A participatory design implements a community-based approach to planning
and executing research studies. The partnership between the researchers and
the community is essential when experimenting with assistive technologies for
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use by individuals with dementia. Tierson and colleagues found that implement-
ing a participatory action research design enhanced their understanding of the
experiences lived by PWADRD [11]. Furthermore, Goeman et al. found that the
researchers benefitted from the high level of social interactions with PwADRD
[12]. Through this engagement, the researchers developed greater insights into the
needs of PWADRD and their caregivers. The studies demonstrate that the inclusion
of PWADRD enabled researchers to receive first-hand, instantaneous feedback
from the stakeholders who would benefit from their findings. Hence, this research
approach leads to input from PwADRD based on their real-life experiences using
the technologies. Overall, it facilitates the development of more effective products
and services for PwADRD.

When developing participatory designs, it is important to recognize the chal-
lenges faced by researchers when considering the progressive cognitive decline
experienced by PwADRD. Researchers may also experience challenges building
strong relationships with the local community [13]. In addition, there is also a level
of difficulty experienced by PwADRD in communicating feedback on the pilot
technology. This may pose an additional challenge for the researcher in identify-
ing potential user needs. However, best practices can be implemented to mitigate
these challenges. Using a community-based approach, researchers may consider
incorporating innovations such as Al technologies or personas to assist PwADRD
in communicating their feedback. An additional example may include visual aids
to help create familiar environments and enhance an individual’s ability to recall
past events. These approaches demonstrate the inclusive nature of participatory
design when experimenting with assistive technologies [14]. This research approach
leads to a strengthened network between PwWADRD, researchers, and technology
developers.

3. Independence and interdependence in active assistive living

In this section, we argue that health can only be understood in a relational context.
Robinson Crusoe, living alone on his desert island, might have the most desirable
and healthy physique. However, his loneliness and lack of human interaction meant
he was healthy in only the narrowest sense. Human identity is found in our relation-
ship with others, from the beginning to the end and beyond - in the memories we
have and other legacies we leave. The division between ‘you’ and ‘me’ in these caring
relationships becomes diminished. The vulnerability of one becomes the vulner-
ability of others; the disability of the one becomes the disability of the other [15]. The
definition of independence by the healthcare system focuses on individuals and an
individual’s performance capacity [16]. While the independence of PwWADRD is an
important and measurable outcome of any intervention, we also argue that Assistive
Technology (AT) should focus on advancing the interdependence of people with
disabilities. This has been challenged by activists and scholars within and outside the
AT community [17]. There is increasing recognition of the importance of social and
cultural factors in AT use and growing evidence that social relationships can enable
PwADRD to lead meaningful lives and improve the well-being of their caregivers
[17, 18]. Therefore, “independence” is no longer suffice as the primary goal of AT
design. Researchers have proposed approaching AT design through a comprehensive
holistic lens, considering individuals’ autonomy, independence, and interdependence
in the AT ecosystem [17].
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Autonomy describes one’s ability to make decisions on behalf of self and refers
to one’s individuality, dignity, integrity, responsivity, and self-knowledge [16].
Autonomy as a human right is considered a fundamental ethical principle of health-
care and is generally valued by the individual [19]. Autonomy does not stop at the
individual level, as one’s choices are influenced by their development, family and
social networks, and spirituality [16]. Recent research has also shown the impor-
tance of autonomy to PwADRD with increasing self-advocacy for participation and
choice in decisions regarding their care [19]. Independence describes one’ ability to
perform tasks and activities and is often a key goal for healthcare interventions in
Western culture [19]. This emphasis on independence places value on self-reliance,
discouraging individuals from reaching out to others for help, which in some cases,
can be a key factor in allowing individuals to stay within their homes and communi-
ties. Interdependence is the interconnectivity of individuals with each other and
with their environments. Lindemann suggests that interdependence is a natural
part of community living: “Colleagues, professional staff members, and other adults are
unconscious of the numerous accommodations that society provides to make their work
and lifestyle possible. ATMY, extended hours in banks, shopping centres and medical
offices, EZpass, newspaper kiosks, and elevators are all accommodations that make
contemporary working life possible. There are entive industries devoted to accommodating
the needs of adult working people. Fast food, office lunch delivery, daytime child care,
vespite care, car washing, personal care attendants, interpreters, house cleaning, and
yard and lawn services ave all occupations that provide services that make it possible for
adults to hold full-time jobs” [20]. Independence and interdependence are comple-
mentary concepts. By taking into consideration the fundamental importance of
autonomy, independence, interdependence, and health as a relational concept, AT
design can be more intentional when considering the impact of social interactions,
the role of cultural norms, as well as the contributions of those impacted by AT use.

The latest research suggests that interdependence can create new opportunities
in AT research and development in crowd work, ability-based design, and navigation
[17]. An interdependence lens can also expand ability-based design and navigation
research by incorporating features that adapt to different social contexts and rela-
tions. It allows people to reduce the barriers created by their disabilities through
collaboration with others and by relying on each other’ strengths. By employing
the participatory action methodology introduced in the previous section, AT design
pays attention to the relations between people and technologies, individuals’ dual
roles as recipients and contributors to AT and systemic bias. Participatory action
methodology sheds light on the transient nature of interdependence and the fluid
nature of disability [14]. By understanding that accessibility depends on factors
specific to a situation, AT design can account for individual experiences and uncover
a broader range of influential factors. The traditional view of people with disabili-
ties as only recipients of support constantly undervalues their contribution to the
advancement of accessibility for all. Interdependence encourages researchers and
developers to assess relations between people without AT to identify potential biases
and support more meaningful access. For example, observations of how blind and
sighted partners navigated new environments revealed challenges due to navigation
research informed by misconceptions of blind navigation held by sighted people.
Additionally, interdependence suggests the possibility of simultaneous relations
influencing the accessibility of a particular situation, where people receiving access
may also be providing it. By viewing access as an ongoing process where people offer
and receive access from each other, AT design can better understand the duality of
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each participant’s role. Interdependence considers all participants being mutually
reliant, thus bringing our focus to engaging people with disabilities to co-create
accessibility solutions. In addition, society has traditionally considered the actions
and contributions of people with disabilities as less important. It fails to recognize the
efforts required to navigate complex insurance and funding programs and special-
ized technology interfaces. Interdependence addresses the systemic undermining of
people with disabilities by assuming all participants as crucial to the relationship,
resulting in designs that challenge ability-based hierarchies. For example, Incloodle
features a cooperative photography application that supports equal participation of
neuro-typical and neuro-divergent children [21].

The following section presents an IoT ecosystem that enables active assistive living
for PwADRD. Autonomy, independence and interdependence are the underlining
principles of this ecosystem.

4. Active assistive living IoT ecosystem

Currently, the state-of-the-art in care for PwWADRD involves self-care with
the support of care partners who may be: (i) healthcare support workers either
at home or in an assisted living facility; or (ii) family and friends. In both cases,
there are opportunities to use AT to support autonomy, independence and inter-
dependence, provide a better quality of life and control rapidly increasing costs.
Although there are integrated digital solutions at major urban research hospitals
for post-operative care, and multiple apps for self-care, there are no ecosystem
solutions that are secure, energy-efficient and user-friendly for most Canadians
with self-care needs.

We propose a first-of-its-kind suite of IoT devices and associated ecosystems
optimized to support the independence of PWADRD. The system, as conceived,
supports PWADRD in current best practices such as: “Eat properly,” “Exercise,” “Rest
when you are tived,” “Take medications as prescribed,” “Stay connected to family members
and friends,” “Live in the moment, appreciating the small joys of life, such as seeing flowers
coming into bloom and watching birds at a feeder”, “Do one thing at a time,” “Write things
down,” “Follow a routine,” “Use a dispenser for pills,” and “Set the timer when using the
stove or oven.” [22]. Figure 1 illustrates the key features of the system. As indicated, a
suite of Internet of Things (IoT) devices can: (a) listen/sense, (b) record, (c) learn,
and (d) provide feedback that promotes engagement in the above kinds of best
practices in self-care. The ecosystem aims to move from existing environments where
individual devices are deployed to an integrated, adaptive environment with the
potential for linking information with the healthcare system. While the introduction
and use of such technology clearly have transformational promise, both from the
standpoint of quality of life and economic savings, we must guard against inherent
technical limitations.

4.110T ecosystem and integration

A key challenge with a person-centric technology is that it often requires
custom deployment for individuals. This makes the ecosystem static and unable to
adapt to disease progression or a person’s changing circumstances. An PwADRD
can go through several transitions as the condition progresses, experiencing mild
decline early on to more severe challenges later in the disease trajectory. The
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Figure 1.
IoT ecosystem enabling self-care.

individual can also experience day-to-day and even within—day variations in
symptoms. The proposed ecosystem seeks to address this explicitly by providing
the capability to continuously learn the progression of the disease and adapt and
extend mechanisms to address concerns in a non-intrusive manner while docu-
menting the trajectory and day-to-day patterns for healthcare providers for care
and evidentiary purposes.

The ecosystem consists of hardware and software components. The hardware
is comprised of heterogeneous IoT devices, intelligent routers that integrate these
devices, and a heterogeneous processing platform. The software components
include integration software within the person’s home, implementations of learning
algorithms to provide self-adaptation, and service-related software to use the cloud
as well as exchange sensitive information with health service providers and other
care partners. These components can be further categorized into the following roles
and responsibilities: (1) IoT devices that sense important information about the
person’ interaction with their environment; (2) processing platforms that allow for
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processing of the sensed information and automatic recommendations based on sen-
sor data; and, (3) use of an integrated service for automated analysis and monitoring
through which care partners and the ecosystem interact with each other. The system
also needs to allow users flexibility as to how their data is used and shared.

The IoT devices include the proposed devices mentioned above, and devices that
are currently available in the market. For example, door and motion sensors are key
to addressing concerns related to navigating surroundings and getting lost. These
sensors provide information that the processing platform uses to execute learning
algorithms to determine whether the initial care plan constructed by care partners
is helpful to the person, and if not, then adjustments are dynamically proposed.
Certain personalization and adjustments of the caregiving plan can be automatically
deployed, but some require authorization. This authorization would be enabled via
the integrated service system, where the suggested adjustments are communicated
to the care partners who approve them before the ecosystem seamlessly alters the
deployment software. Note that this would require limited physical intervention from
the care partner. Consider a user whose disease progresses over time where initially
the user could operate the stove without any assistance but gradually requires remind-
ers and at more advanced stages, needs automated turn-off capabilities. During early
stages, the care plan may want the user to be independent and operate the stove them-
self; hence, the sensor only monitors that the stove is turned off when the user is not
near the stove for an extended period of time. However, when the learning algorithms
identify several instances where the user has forgotten to turn off the stove, automatic
reminders could be sent via the ecosystem. In such situations, care partner interven-
tion may not be required. At later stages, the functionality of the ecosystem will adapt
according to a person’s progression of the disease and the availability of care resources
in the circle of care. The proposed approach addresses the need to provide accurate
indicators of disease progression to the care providers and the timely adaptability of a
person-centred care plan, particularly in terms of self-care at home.

4.2 10T device research

This IoT ecosystem requires a heterogeneous mix of portable and wearable IoT
devices. By leveraging existing circuit and system technologies wherever possible,
focus can be placed on security, ecosystem integration, and energy management
aspects that are crucial to IoT device deployment in a field trial. IoT devices applied to
self-care are typically powered by a battery that imposes strict constraints on perfor-
mance and the quality and duration of service. We need to improve the energy effi-
ciency of existing technologies by modifying key circuit functions that harvest energy
and extend IoT devices’ battery and service life for low data rate (i.e., 1-100kbit/s)
ADRD applications outlined herein. The first improvement is a solar antenna (sol-ant)
capable of harvesting light (from the solar cell) and microwave energies (from the
antenna) simultaneously [23]. The second augmentation is energy harvesting, storage
and delivery via a power management sub-system that extends battery and service
lifetimes substantially.

A block diagram of the proposed autonomous wireless system is shown in Figure 2.
It consists of a wireless transceiver, baseband signal processing circuits, embedded
memory, a microcontroller, power management, and CMOS sensors. Autonomy for
the wireless system reduces maintenance (e.g., battery charging, replacement). The
wireless transceiver shares information collected by the CMOS sensors with smart-
phones, wireless hotspots, and sensor nodes in the ADRD ecosystem. The goal is to
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build an autonomous wireless system leveraging existing commercial technologies
augmented by the solar and power management sub-systems. Energy harvested con-
tinuously by the solar can be stored on a supercapacitor or used to recharge a button-
cell battery. The transceiver uses the button cell as a start-up power source, extending
its operating lifetime to 3-5 years. Poor energy efficiency reduces operational lifetime
and increases battery size, which is undesirable in the ADRD application. If a contin-
uous operating of 50 days from a 10-gram Li- ion button-cell battery (i.e., 120 W-h/
kg energy density) is desired, a transceiver (Tx/Rx) energy efficiency below 10 nJ/bit
is required, i.e., 10x better than conventional technologies such as WiFi, Bluetooth or
Zigbee. The aim is to extend the service time of the wireless transceiver operating at
1-100kbit/s, and push efficiency below 10 n]/bit by harvesting energy from multiple
sources using the autonomous power management system. Sources of energy avail-
able in a typical home are: light, thermal, mechanical vibration, and radio-frequency
(RF) energies.

A photovoltaic solar cell antenna (solant) capable of harvesting light and RF ener-
gies are capable of generating more energy from a surface area of just a few cm” when
operating indoors than other methods [24]. Unfortunately, solar and other renewable
energy sources are intermittent. Therefore, energy harvested from the solant must

Solar Cell Antenna

Power .\:
Tx Rx Manager
Super

Baseband .c | |cmos Capacitor
Memory Sensors

Autonomous wireless system

Figure 2.
Block diagram of the proposed autonomous wireless system.
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be stored on a high-density supercapacitor and in a rechargeable button battery via

a charge pump. The 1-Farad supercapacitor stores enough energy from the solant to
bridge peaks in energy demand from the wireless transceiver. Energy from the battery
initially bootstraps the power management sub-system system (i.e., ‘cold start’ when
the supercapacitor is discharged). A DC-DC converter draws energy from the super-
capacitor to operate the wireless transceiver, sensor interface, and digital circuitry
when required. It converts a voltage ranging from 0.6-2.75 V to a regulated 0.9 V sup-
ply for the CMOS transceiver. The power consumption of digital and memory circuits
has an exponential relationship with the supply voltage. It makes sense to lower the
voltage and reduce the power consumption. It is attractive for large memories where
the leakage power is high. However, a simple voltage reduction is not without its
challenges. The memory access time is increased significantly with reduced voltage. In
addition, the memories’ ability to retain data is also reduced linearly with the volt-

age reduction. Data retention is further eroded due to manufacturing variations in
advanced technologies. Recent research demonstrated memories and digital circuits
working at 250-300 mV range for low-power and low-energy applications [24, 25].
However, additional investigation is needed for ultra low-voltage (less than 200 mV)
digital and memory circuits to further enhance power and energy efficiency to extend
the battery life.

4.3 Safety, security, privacy and trust considerations

Security and privacy are arguably the most important attributes that must be
provided at the level of the ecosystem rather than for components only. Of course,
the ecosystem is a composition of those components; thus, the security and privacy
of and from components are necessary but not sufficient for the system as a whole.
Systems security and privacy are well known to be significant technical challenges in
any system of reasonable scale and complexity. Challenges can be categorized as (1)
Security of individual components and privacy protection of data within individual
devices, (2) Security of the human users from the system, (3) Security of the sys-
tem, i.e., the composition of the individual components, (4) the privacy the system
provides to the data both at rest and in transit and (5) the ability for users to make
informed choices regarding privacy and system use. Towards (1), considerable work
has already been done on both tamper-resistance of devices and the security and
privacy such devices provide [26, 27]. The technique in this regard is to carefully iso-
late data and components that need to be trusted from those that do not and enclose
the former using, for example, tamper-resistant screws to preclude physical access,
and also hardware-enforced isolation built into the. Cutting-edge techniques such as
lightweight cryptography can ease computation and communication overhead and yet
provide adequate security guarantees [28].

Towards (2), a necessary design constraint is obtaining consent. The design and
engineering of the system, particularly its usability aspects, must (a) clearly solicit
user-consent, and, (b) do so in a simple, intuitive manner from the standpoint of
Human Computer Interaction [29-31]. Towards (3), it is well-established in the field
that the composition of two secure systems is not necessarily secure. Consequently,
sound techniques for secure composition are required. Towards (4), compliance
with privacy legislation, specifically the Personal Information Protection and
Electronic Documents Act (PIPEDA), as well as with the corresponding US Health
Insurance Portability and Accountability Act (HIPAA), will be critical. Properties
such legislation requires will be encoded precisely in a manner that can then argue
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strongly, or even prove, that they have been met. Regarding (5), developing and
implementing an at-home monitoring system has a multitude of complex ethical
challenges regarding understanding what the system does and being able to make
informed choices on what and when information is used. This open problem has
remained a significant barrier to the uptake and use of these types of systems.
Participatory action research with PwWADRD and their care partners can be used
to create new ways of supporting informed consent. This can be supplemented by
the progressive information and permissions paradigm that is currently used and
familiar to people living with dementia as an underlying framework [32-34].

The shift from deploying sets of devices to a secure learning ecosystem represents
a major advent in technology and system thinking. Attention to minimizing energy
needs and making the system cost-effective are essential in making the system
sustainable and affordable on a large scale. The ability to help individuals stay longer
in their own homes and delay the shift to a care facility as long as possible will benefit
their quality of life and make the best use of scarce economic resources. Currently,
waiting lists for long-term care are long, and the dangers of the rapid spread of
infection in these facilities are apparent. Although the application here is to ADRD,
the ecosystem could also be applied to other areas of healthcare where monitoring of
persons could be beneficial.

4.4 General purpose technology in the assistive technology ecosystem

Our society has generally become more inclusive. As a result, many technologies
designed for the general population have embedded functions to be used as assistive
technology. The Association for Advancement of Assistive Technology in Europe
(AAATE) has identified the convergence of general purpose (i.e. mainstream) tech-
nology and assistive technology as an ongoing trend where products will offer more
comprehensive ranges of functions that can benefit a larger portion of the population
[35]. An example of this trend is the replacement of disability-specific electronic aids
to daily living with mainstream smart home technologies such as Google Home and
Amazon Echo. As technology design continues to focus on adaptability and flexibility,
mainstream technologies will provide more affordable and better options for people
with disabilities to access features that would traditionally only be available in assis-
tive technologies. Using mainstream technologies in the IoT ecosystem presented in
this chapter also has the potential to save costs and reduce resource demands of the
healthcare system, thus significantly improving the ecosystem’s sustainability. This
has been demonstrated in a study conducted by the Centre for International Research
on Care, Labour and Equalities in England [35]. Other studies highlighted the poten-
tial of mainstream technology to support people’s care without damaging their sense
of self [36]. It is reported that the participant prefers mainstream technologies as they
are perceived as commonplace and a part of everyday life. This study also identified
the need to understand their contribution to social isolation and cautioned against
underestimating the demand for Wraparound services [36].

5. Systematic changes

Inevitably, the cost is a barrier to AT adoption. In Canada, healthcare is mainly
the province’s responsibility, and variations in funding mechanisms, eligibility
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criteria, types of funded devices, and extend of funding exist across provinces [37].
Within each province, based on the type of recipient and the program for which

they are seeking support, funding may come from federal and provincial programs,
private insurance, charity programs, foundational grants, and donations. The lack

of a holistic approach between funding sources makes it difficult for a PwADRD to
navigate the funding system, resulting in service gaps where groups need AT without
financial support. Restrictive eligibility criteria can further limit access by increasing
an individual’s burden to demonstrate financial and AT needs. Specific functional
disabilities may limit entitlement, leaving more generalized AT or AT not related to
the specific disability inaccessible, even if they have the potential to improve the user’s
overall quality of life.

These challenges are compounded by variations in eligible device types and
considerations for customization, maintenance, repair, and replacement. Certain
programs require the technology to have been on the market for a minimum of 1 year
before it is approved for funding [37]. Other programs may look at the context of how
the AT is to be deployed and will only supply AT as part of a package to meet a specific
need. Funding for general-use technologies is also inconsistent between programs,
with some promoting the use of consumer products while others exclude these from
consideration. To further complicate the issue, some programs will support custom
build and upgraded solutions, while others only fund basic models, with applicants
having to pay out of pocket for any upgrades. Lastly, programs may only fund AT
that supports essential daily living activities and limit their access to leisure purposes.
There is also little consideration for user training for fully utilizing the AT they have
received. Some programs will provide education and training support, but many
consider the device as a one-time expense with minimum funding for Wrap around
services. The treatment of AT access as isolated events can also create challenges as an
individual’s situation changes, triggering a need for reassessment of their AT needs.
Without a funding mechanism to support ongoing evaluation, the impact of funding
programs may be limited.

A holistic approach will be essential for various programs to continue their
important work of providing meaningful AT access. However, gaining access to
AT is only one of many steps towards PWADRD’s self-care and improved quality of
life. With the fast advent of technology, individuals and society continue to evolve
rapidly. Systematic changes are needed, not only in funding but also in infrastruc-
ture and human resource building, to support the adoption of the IoT ecosystem
outlined in this chapter. Along with AT, these system changes will empower and
engage PWADRD and their caregivers in its design, funding, use, and evaluation and,
ultimately, enable PwADRD to lead meaningful lives.

6. Conclusions

In this chapter, we presented an assistive technology ecosystem that enables inde-
pendence and promotes interdependence for PwADRD and their living environment.
More than technology alone will be needed to solve the challenges PwADRD, their
caregivers and our society face. Systematic changes, including user-centeredness in
technology solutions, employment of participatory action methodologies for technol-
ogy design and implementation, funding and care models are needed to create an
affordable and sustainable ecosystem as outlined in this chapter.
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