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Chapter 1
Introduction

Andrew Sixsmith and Gloria Gutman

The challenge of population aging requires innovative approaches to meet the needs
of increasing numbers of older people. Emerging information and communication
technologies (ICTs), such as pervasive computing and ambient assistive living, have
considerable potential for enhancing the quality of life of many older people by
providing additional safety and security, supporting mobility, independent living,
and social participation. This book presents a snapshot of the current state of the art
and serves as a pointer to directions for future research and emerging technologies,
products, and services.

The idea for the book originated at the International Society for Gerontechnology’s
7th World Conference held in Vancouver, Canada, May 27-30, 2010. Globally, this
series of conferences is the foremost platform on the topic of technology and aging;
it brings together internationally recognized research leaders from around the world
to speak about new developments in R&D in their respective jurisdictions as well as
collaborative work across borders and boundaries. The aim was not to produce a
book of conference proceedings but rather to invite chapters some of which would
be based on presentations in selected symposia at the conference and others spe-
cially written for the book so as to reflect the diversity and the most theoretically
and technically challenging directions in the field. The resulting book explores these
and some of the key application areas.

Rather than presenting specific technical (engineering and computing) problems
and solutions, the book is written so as to be accessible to the nontechnical reader.
Underpinning the chapters is a gerontological perspective that critically explores the
needs of older people in society and their implications for design and technology
solutions.

A. Sixsmith, Ph.D. (<) ¢ G. Gutman, Ph.D.

Gerontology Research Centre, Simon Fraser University, Harbour Centre,
#2800-515 West Hastings Street, Vancouver, BC, Canada V6B 5K3
e-mail: Sixsmith@sfu.ca; gutman@sfu.ca
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2 A. Sixsmith and G. Gutman

As the title suggests, a key concept behind the book is that of active aging which
currently occupies a central position in the international discourse on policy for
aging, particularly in the 27 European Union countries which declared 2012 the
European Year for Active Aging and Solidarity Between Generations (YA2012).

1.1 Active Aging and Gerontechnology: 2002 and Now

The idea of active aging first became prominent among gerontologists in 2002 with
the publication of Active Aging: A Policy Framework, a contribution of the World
Health Organization to the Second United Nations World Assembly on Aging held
in Madrid, Spain. This landmark document drew attention to the fact that population
aging was the product of two converging trends: more and more people living to be
old at the same time dramatic decreases were occurring in fertility rates; that popu-
lation aging was to occur in both the developed and the developing worlds; and that
if it was to be a positive experience for countries and individuals, “longer life must
be accompanied by continuing opportunities for health, participation and security”
(WHO, 2002, p. 12). Active aging was identified as the process for achieving this
vision. This term, adopted by WHO in the late 1990s, was meant to convey a more
inclusive message than healthy aging—in particular, to draw attention to the fact
that health care was only one of a number of determinants of how people and popu-
lations age (Kalache & Kickbusch, 1997). It was also meant to include persons with
less than optimum physical and/or mental health. The latter is clearly reflected in
the definition of active provided in the policy framework document:

The word “active” refers to continuing participation in social, economic, cultural, spiritual
and civic affairs, not just the ability to be physically active or to participate in the labour
force. Older people who retire from work and those who are ill or live with disabilities can
remain active contributors to their families, peers, communities and nations. Active aging
aims to extend healthy life expectancy and quality of life for all people as they age, includ-
ing those who are frail, disabled and in need of care (WHO, 2002, p. 12).

While the intention was laudatory, one of the unintended consequences of this
definition is that since 2002 much of the effort by individuals working in the field of
aging, and especially in the subfield of gerontechnology, has been to concentrate on
providing assistive technologies and devices for the frail and disabled. While this is
an important line of research, in this book, our intention is to explore how technol-
ogy can positively contribute to the health and quality of life of all seniors and to put
the spotlight on seniors as proactive participants in a digital society. These critical
ideas are developed in Chap. 2 of this volume where it is argued that the research
and development agenda needs to expand and address the needs of several key sub-
groups within the seniors’ market including healthy and active seniors, people with
chronic diseases, people with dementia, and people with mild cognitive impairment.
In addition, more effective translation of existing research knowledge is needed if
we are to develop useful new products and services that will, in fact, be accepted
and used by seniors.
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In the chapters that follow Chap. 2, we have attempted to highlight gerontechnol-
ogy developed for the four groups identified above. We have also attempted to
identify other gaps in the knowledge base. For example, Chap. 3 looks at ethical
issues which attend the use of assistive technologies. Three areas are examined:
first, ethical approaches commonly in use and their limitations for application in the
field of assistive technologies; second, the ethical issues which arise around the
design and execution of research with users of assistive technologies; and third,
the contribution of assistive technologies to the search for that mainstay of moral
philosophy, the good life. The latter is broached through a discussion of quality of
life indicators.

In Chap. 4 the focus is on the use and acceptance of technology by seniors. The
chapter begins with a description of e-health applications that facilitate self-care, in
particular online health information seeking. Interesting data are presented on the
extent to which seniors search the Internet for health information and what they
search for and important questions are raised as to how they deal with the vast
amount of information that is available. Discussion then turns to monitoring tech-
nologies that may permit early detection of illness—with the goal of enabling
preventive measures to be put in place that will delay or deter the onset of disability.
A key issue here is privacy trade-off and what information people are willing to
share about themselves and their day-to-day functioning and with whom.

Chapter 5 introduces the concept of resilience which can be understood as the
capacity to adapt to and recover from adversity. The context that it is applied to is
natural and human-made disasters which are a source of large-scale adversity that
disproportionately impacts older adults. The authors examine the potential for tech-
nology to promote disaster resilience for older adults. Technological solutions that
could be applied to practical problems are considered for each phase of the emer-
gency management cycle (prevention/mitigation, preparedness, response, recovery).
The technologies considered include tracking and mapping systems, intelligent
building systems, medical and assistive devices, communication and notification
systems, needs assessment strategies, medical support strategies, security strategies,
and reconstruction strategies. This chapter concludes with a discussion of factors
that may influence the acceptance, uptake, and application of technology to increase
disaster resilience in this population.

The Active Aging Policy Framework requires action on three basic pillars:
health, security, and participation. Assistive technology provides a platform to sup-
port participation, but some devices work better than others and/or even within a
particular disability group, are more effective for some users than for others. While
there has been significant progress in developing measures of the effectiveness of
assistive technology, some important challenges remain because there are many
things that contribute to a person’s level of participation. Chapter 6 reports the expe-
rience of developing the Assistive Technology Outcomes Profile for Mobility
(ATOP/M) and lessons learned for measuring the participation of older individuals
who use mobility assistive technology.

The focus of Chap. 7 is on technology developed for persons with dementia and
their carers. This chapter outlines the services that are commonly provided
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following diagnosis including how assistive technologies and in particular devices
that are categorized as telecare are increasingly becoming part of the service offer.
Some of the benefits and potential issues with telecare are posed. This is followed
by illustrations of how new technology can be developed to meet the changing
needs of people with dementia in a wide range of domains including recreation and
leisure. This section includes examples of technology developed in partnership with
people with dementia in a way that maximizes their retained abilities while playing
down the aspects of functioning they find difficult. It then goes on to examine the
potential of using everyday technologies to assist people with dementia. Finally, it
looks towards a future where the full potential of technology is harnessed to enhance
quality of life for people at all stages of the dementia trajectory.

Chapter 8 describes a European research project, SOPRANO (Service-oriented
Programmable Smart Environments for Older Europeans), which developed sup-
portive environments for older people based on the concept of Ambient Assisted
Living (AAL). AAL uses pervasive information and communication technologies
(ICTs) to enable older persons to live independently in their own homes and to
increase their quality of life. The focus of this chapter is on the steps that need to be
taken to meet these objectives, starting from a user-centered approach to define the
AAL system and ending with the actual implementation of developed technology
and services in real-life situations.

Computer-generated graphics are becoming more advanced and sophisticated,
and realistic simulations of the built environment offer a useful tool to researchers
and designers. Potential changes to the built environment to create more age-
friendly settings can be tested using a simulation before actual design changes are
implemented. People are able to experience the virtual environment and provide
their opinions, and researchers can observe their interactions in a safe and secure
context. Chapter 9 discusses these and other practical applications of a computer-
generated virtual environment as a tool for age-friendly design visualization and
communication.

Chapter 10 explores the importance of happiness in older adult’s lives and the
contribution technology can make to people achieving it. In this context, happiness
can be seen as shorthand for the positives in life, the things that make life meaning-
ful and fulfilling. Besides health and well-being, these include satisfying relation-
ships, opportunities for continued achievement, as well as hope and optimism for
the future. Building on the foundations of positive psychology, this chapter exam-
ines ways in which technology can contribute to making the lives of older people
happier and ultimately worth living.

An issue that continues to be a pressing one is the problem of social isolation
amongst seniors. Chapter 11 returns to the participation pillar of the Active Aging
Framework and explores the potential of videoconferencing to help older adults
remain socially engaged. While this and other forms of ICT may be seen as poten-
tial solutions to isolation, it is important to consider the ways technologies trans-
form social relationships, often in unintended ways. For example, many potential
users of videoconferencing expressed concern about the possibility of overreliance
and reduced face-to-face interaction with caregivers, family, and/or friends.
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Chapter 12 provides an overview of some of the initiatives and activities in the
area of gerontechnology that have emerged in Europe, North America, and the
Asia-Pacific region and research at different levels: national, regional, and interna-
tional. The chapter begins with a description of an international program, Everyday
Technologies for Alzheimer’s Care (ETAC), funded through a partnership between
the Alzheimer’s Association and the INTEL Corporation and designed to develop
technological solutions for people with Alzheimer’s disease, their caregivers, and
families. The second section focuses on emerging research on technology and aging
in the Asia-Pacific region. The third section focuses on national level programs and
describes work being carried out in the UK funded by government agencies such as
the Environment and Physical Sciences Research Council (EPSRC). The fourth
section describes the very extensive program of work being funded by the European
Union under the Ambient Assisted Living Joint Program. The chapter concludes by
identifying some of the key common themes within the various research programs
described and discusses the drivers, emerging directions, and opportunities in a rap-
idly expanding global research landscape.

References
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Chapter 2
Technology and the Challenge of Aging

Andrew Sixsmith

2.1 Introduction

The aging of populations is a global phenomenon. At the present time, approximately
10 % of the world’s population are aged 60 years and over, but the proportion is
projected to increase to about 20 % by 2050. While the population worldwide is
growing at around 1 % per annum, the number of people aged over 80 is growing at
4 % per annum. Moreover, the phenomenon of population aging is not limited to the
developed countries. Currently 64 % of older people live in less developed regions,
but this figure will rise to 80 % by 2050 (HelpAge International, 2012).

The aging of the population presents many challenges, not least how services
can be improved in order to enhance the health and quality of life of older people in
an era of strained financial resources. In this context, information and communica-
tion technologies (ICTs) are viewed as having a huge potential. ICTs for older peo-
ple have emerged as a major component of research and development (R&D)
programs worldwide (Sixsmith, 2012). For example, the European Union’s Ambient
Assisted Living Joint Program has invested significantly as part of a social inclu-
sion agenda to improve access and uptake of ICT-based products and services by
disadvantaged groups, such as older people, and to exploit the opportunities this
brings for European industry (EU, 2007). There is growing evidence from evalua-
tion research that technological supports can bring about significant benefits for
older people, while at the same time improving the cost-effectiveness of health and
social services (Bowles & Baugh, 2007; DH, 2011; Pare, Jaana, & Sicotte, 2007).
However, the research has so far been limited in terms of real-world products and
services (Meyer, Muller, & Kubitschke, 2012). This chapter is an attempt to pro-
vide an agenda of research on technology and aging by firstly identifying
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8 A. Sixsmith

opportunities for technologies for seniors and secondly by articulating some of the
key challenges that will need to be addressed if the full potential of ICTs is to be
exploited.

2.2 Heterogeneity and Old Age

One of the limitations of much of the research and technological development in
recent years has been the way old age has been perceived and how ageist assump-
tions appear to have been translated into the agendas for ICTs. Old age is often seen
in negative terms, equated with ill-health and disability. However, this stereotype of
old age contrasts with the high degree of heterogeneity within the older population.
If the potential of ICTs is to be fully exploited in terms of developing new products
and services, the opportunities afforded by a growing and diverse marketplace need
to be taken seriously. This section explores these opportunities in terms of four key
population groups: healthy and active seniors, people with chronic diseases, people
with dementia, and people with mild cognitive impairment. The focus is very much
on how ICTs can be used to enhance independence and active aging and identifies
some of the interesting lines of research and technological development that is
beginning to emerge.

2.3 Healthy and Active Seniors

To start the discussion on the opportunities afforded by population aging for devel-
oping new technology-based products and services, it is useful to start by saying
that most seniors are relatively healthy and disability-free, leading rewarding and
active lives. Of course, there is a strong association between aging and health out-
comes, but the majority of seniors are likely to report that they are in good health.
For example, surveys in British Columbia examined functional health status in
respect to vision, hearing, speech, mobility, dexterity, feelings, cognition, and pain.
The majority of seniors reported very good or excellent health (Wister, Sixsmith,
Adams, & Sinden, 2009), although this does vary with age, with two-thirds (66 %)
of those 65-74 years reporting very good or excellent health compared with 40 %
of those aged 75 years and over. Significantly, Canadian data suggest that the pro-
portion of older people who are disabled appears to have diminished over the last
few decades (Federal Interagency Forum on Aging, 2004). Data from the USA
show the age-adjusted rate of disability (limitations on activities of daily living)
declined from about 25 % in 1984 to 20 % in 1999; these improvements can be seen
in both men and women.

Despite the relatively good health and functional status of seniors, the key focus
of research and development of technologies for seniors has been on the sick and
disabled. This focus appears to be limited in its vision, and there is a need to move
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from a technological agenda that addresses ill-health and dependency to one that
promotes active aging in settings where older people want to live:

Until recently, many traditional assumptions associated with aging and elder care often cast
seniors in a more passive role, not a proactive one. For a variety of economic, sociological,
and technological reasons, this paradigm is now shifting. Broadband-enabled technologies
are providing seniors with an interactive lifeline to the world, empowering them to live
more robust, healthful, and independent lives....With the senior population set to double in
the coming decades, broadband and broadband-enabled technologies are poised to play an
invaluable role in transforming senior life and the senior care paradigm. Continued compe-
tition, innovation, and investment in the broadband market will allow current and future
generations of seniors to age in place, stay relevant and connected to their communities, and
take advantage of lifesaving applications (Davidson & Santorelli, 2008, pp. 1-2).

The actual and potential growth of ICTs is seen by Davidson and Santorelli
(2008, p. 14) to confer a number of social, economic, and health-related benefits on
seniors:

* Increased connection to family and friends

* “Feelings of relevance and...an interactive outlet to the world”

e Access to e-services, such as commerce, personal finances, medication, and
employment

* Improved health, wellness, and preventative care

* Enhanced health, safety, and security through telecare services

» Benefits to society at large through healthcare savings, workforce participation
by seniors, and senior-related content and services

Helping older people to remain independent and age in place is widely recog-
nized as important to the quality of life for individuals (Sixsmith & Sixsmith, 2008).
Solutions that help older people to remain at home are of interest to health
policymakers due to potential cost savings over more expensive care in institutional
settings such as nursing homes (Miiller & Sixsmith, 2008). In some ways, the chal-
lenge presented by healthy seniors in respect to ICTs is a social one. The agenda of
dependence is strongly reflected in the research and development agendas. This has
begun to shift in recent years; for example, the EU-funded Ambient Assisted Living
Joint Programs (see Chap. 12) has addressed some of the more positive avenues of
research and development mentioned above. A further social challenge is how the
benefits of access to ICTs can be made available to all seniors. Currently, a digital
divide in socioeconomic terms persists, where those who are mostly likely to benefit
from digital products and services are the least likely to be able to access them.

2.4 People Living with Chronic Disease

Chronic diseases are physical or mental conditions that have a long-standing dura-
tion, require ongoing medical care, and usually have significant impact on the per-
son’s functional capacity and quality of life. Chronic conditions include
life-threatening diseases such as heart disease, cancer, and respiratory disease.
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Indeed, these have emerged as the major causes of death in the modern era as opposed
to the contagious diseases of earlier periods of history. Other conditions such as
arthritis and osteoporosis may not be as deadly as the major killers but are nonethe-
less very serious in their impact on the health and well-being of millions of seniors.
For many older people, living with one or more chronic diseases is a fact of life. As
the population ages, the prevalence of chronic disease also increases, presenting
challenges in terms of how chronic disease is managed. Key questions to be addressed
in this area are as follows: how can we help people to remain living independently at
home rather than being admitted to acute care or long-term care? How can we help
people to maintain their health and avoid decline into dependency? How can we help
people to manage their own health conditions more effectively? How can technology
help healthcare professionals monitor and communicate with patients living at
home? The benefits of helping people to remain living at home are particularly
apparent for this group; even when faced with declining health, older people prefer
to remain living at home, while supporting people at home is a more cost-effective
solution than institutional care (Wiles, Leibing, Guberman, Reeve, & Allen, 2011).
Given this clear win-win scenario, then it is unsurprising that this area has received
considerable attention by both academic researchers and commercial organization
and a range of telehealth and telecare systems and applications have emerged that
may have a very positive impact on the health and independence of this group.

One major component of emerging ICT systems is activity monitoring, which
collects data from sensors in the home (e.g., infrared movement sensors) and body-
worn biomedical sensors to create a profile of a person’s typical pattern of living and
health status, such as when they get up in the morning or how they move around the
home. Research in this area has been carried out for many years, including early
work by Celler, Earnshaw, Ilsar, et al. (1995), Sixsmith and Johnson (2004) and
more recently Floeck, Litz, and Spellerberg (2012), and this work is now emerging
as telehealth and telecare systems, although these are still a long way from being
mainstream services. Activity monitoring data may be very helpful in identifying
incipient health problems, facilitating early interventions and helping people to self-
manage their conditions. Variations from the typical activity pattern, for example,
reduced levels of activity during the day, may be indicative of a decline in health
status. These systems may generate some kind of alert, for example, to a monitoring
centre, which would then organize a response by healthcare professionals or infor-
mal caregivers. This approach is useful for monitoring a range of situations, for
example, critical events requiring immediate response (e.g., heart attack) and non-
critical situations that require longer-term preventative interventions (e.g., exacer-
bations of a chronic illness). Work reported by Bhachu, Hine, and Woolrych (2012)
illustrates the potential of this kind of technology to help chronically ill people
remain living at home. A field trial of a system using activity monitoring and bio-
medical sensors was set up to provide information to help community nurses to
better manage patients with chronic obstructive pulmonary disease (COPD) and
particularly to avoid expensive and unnecessary hospital admissions. The trial pro-
vided good evidence for the effectiveness of activity monitoring, for example, by
providing easily understandable health data to the patients themselves and by
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prompting nurses to engage early with patients once changes in patterns of activity
were detected. Early results of a large-scale trial in the UK, known as the Whole
System Demonstrator, indicates that low-cost ICT-based services may have a sig-
nificant benefit in terms of avoiding hospitalization reducing mortality and improv-
ing quality of life of people with long-term illnesses (DH, 2011).

Activity monitoring may also be useful in managing chronic mental health prob-
lems. For example, GPS technologies are being used to track older people with
bipolar disorder in order to see whether changes in micro-geographical patterns of
activity are associated with mental status (Namazi, Sixsmith, Glaesser, & O’Rourke,
2012). Bipolar disorder is characterized by rapid and extreme changes in mood, and
it is hypothesized that manic and depressive periods will be reflected in the range
and type of geographical activity. The system also includes the capture of real-time
in-the-moment subjective data, where a mobile device will prompt individuals to
complete a questionnaire about their mood state. Again, the use of ICT-based tech-
nologies will help care professionals to better understand the needs of patients and
to provide more sensitive and timely interventions.

Despite the potential of these systems, certain concerns remain, especially in
respect to the loss of privacy and the intrusiveness of being monitored at home.
However, users are often willing to trade-off privacy for the additional feelings of
safety and security these systems afford (Beringer, Sixsmith, Campo, Brown, &
McCloskey, 2011). Older people are also often concerned that the introduction of
technology will reduce the level of human interaction. It should be emphasized that
these technologies cannot work in isolation and should be seen as part of an inte-
grated care solution that enhances the formal and informal networks of care that
already exist.

2.5 People with Dementia

Dementia is an age-related condition with as many as 35.6 million persons world-
wide living with the condition with numbers expected to increase to 65.7 million by
2030 (Wimo & Prince, 2010). Amongst 65-70 year-olds, about 2 in every 100 will
be affected, but this rises to 20 % amongst the over 80s age group. It should be
emphasized that dementia is not part of the normal aging process, affecting only a
fraction of the older population. However, it is a very debilitating condition for
many older people leading to a severe decline in cognitive status, such as severe
memory impairments, confusion, and disorientation in time and place and inability
to communicate. Cognitive decline means that they can no longer do everyday
activities like dressing or washing. The changes to the brain associated with condi-
tions such as Alzheimer’s disease are permanent and currently untreatable. Drugs
are not yet effective in curing or significantly affecting the progress of dementia,
and care interventions need to focus on managing the symptoms and providing
help and support to informal carers. Typically, the application of technology for
people with dementia has addressed issues of safety and security (Sixsmith, 2006).
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For example, wandering is seen as a major problem for both people living in the
community and in nursing homes, and there are commercially available systems to
trigger an alert if a person leaves their dwelling place. Another common problem is
to do with household safety, and technologies have been developed to detect and
control a range of potentially dangerous situations, such as flooding, extreme tem-
peratures, fire, and gas leaks. These are clearly important areas, but emerging AAL
technologies also have the potential to develop interventions that can positively
enhance independence and well-being. A major strand of research has focused on
how technology can help people to perform everyday tasks of living that are impor-
tant to continued independence. For example, Mihailidis, Boger, Czarnuch, Jiancaro,
and Hoey (2012) have developed the COACH system using computer vision and
artificial intelligence to support the user’s performance of the various components
of hand washing. An audiovisual interface prompts the person if help is required.
Work by Kearns, Nams, and Fozard (2010) focuses on the potential of sensor tech-
nology in the assessment of cognitive status. This examines the relationship between
the person’s ambulatory movement and the level of cognitive function by measuring
path tortuosity or the extent to which a person’s movement path deviates from a
straight line. Their research with residents in an assistive living facility found a
significant negative association between path tortuosity and measures of cognitive
status; simply put, the more erratic the pattern of movement, the lower the cognitive
function of the person. This system has the potential to identify early changes in
cognitive status allowing more targeted care interventions to support the person as
their dementia progresses.

Other research has focused on how technology can positively enhance quality of
life. For example, Sixsmith, Orpwood, and Torrington (2010) developed a music-
playing device specifically for people with dementia. Music can evoke powerful
memories, and people with dementia may recognize enjoy, and sing along with a
song even when they may be experiencing severe problems with their memory and
ability to communicate. However, access to music by people with dementia may be
very limited. For example, they may not be able to operate music devices such as
CD players or MP3 players. The music player was designed to be simple to use and
also provided prompts to encourage people to use the device. In another project,
Schmid et al. (2012) report on project MUSE, which developed a music-playing
chair for use in long-term care facilities. The chair was a smart device that uses
Radio-Frequency Identification (RFID) technology to recognize a person and play
personally relevant music from a preloaded playlist. MUSE and other music-playing
devices help people with dementia get access to music, and trials of the devices have
been shown to have a positive impact on mood and social engagement.

2.6 People with Mild Cognitive Impairment

Declining cognitive ability has a major effect on the health and well-being of older
people. As already discussed, there has been considerable attention given to the
growing numbers of people with dementia. However, many older adults may be
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living with mild cognitive impairment (MCI), which is defined as cognitive
impairment in at least one aspect of cognitive functioning, with no sign of dementia
and no significant decline in functional activities of daily life (Luis, Loewenstein,
Acevedo, Barker, & Duara, 2003). It has been estimated that perhaps as many as
20 % of people aged 65 and over may be experiencing MCI (Petersen, 2011). Piau,
Nourhashémi, Hein, Caillaud, and Vellas (2011) point to the lack of effective phar-
macological interventions for cognitively impaired people. Currently, there are no
effective disease-modifying drugs, and there appear to be none in the pipeline, under
trial, ornear to market. This situation highlights the importance of non-pharmacological
interventions to enhance the cognitive health of older people and provides a real
opportunity for developing ICT-based solutions that help with planning and manag-
ing everyday activities and ensuring a safe and comfortable living environment.

ICT-related research has not yet specifically addressed the needs of people with
MCI, and there has been a much greater focus on people with dementia and more
severe levels of cognitive impairment. Older people with MCI have a stronger
potential to learn to use new technologies than those with dementia, and introducing
devices and systems for people with MCI when they are more able to adapt and
interact with the technology may have more potential. Moreover, while many peo-
ple with MCI will progress to dementia, this is not inevitable, and a crucial need is
to develop innovative approaches that will help maintain or even improve cognitive
status, extend independent living and enhance quality of life. Providing ICT sup-
ports to enable self-care and self-management and facilitating cognitive stimulation
may allow those living with MCI to draw upon varying levels of support tailored to
their specific needs and situations and provide stimulation and engagement to main-
tain or improve cognitive function. Many of the ICT solutions already described
have considerable potential for people with MCI, and research funded by programs
such as Everyday Technologies for Alzheimer’s Care (see Chap. 12) has included
the development of prompting technologies to remind and assist older adults in
performing essential activities of daily living (ADLs). EU projects such as
SOPRANO (see Chap. 8) have been developing systems to assist with tasks such as
personal medication, exercise, nutrition, and home security.

One line of research which has recently emerged that may have special relevance
for people with MCI is brain training, where a person engages in serious gaming,
such as Nintendo’s Brain Age to promote cognitive function. Digital games offer
many potential benefits for people generally and people with MCI specifically for
improving cognitive and social function in a way that is motivating and enjoyable.
While the evidence base for these cognitive benefits and the understanding of the pos-
sible underlying processes remains weak, electronic games represent a huge opportu-
nity for involving people with MCI in activities that may help them to reengage
constructively with the challenges of everyday life. Astell (Chap. 10) argues that digi-
tal games can contribute to seniors’ well-being through social interaction, cognitive
stimulation, and physical activity that may motivate them to positively manage their
lives. Games can promote highly engaged and enjoyable experiences
(Csikszentmihdlyi, 1996; Hwang, Hong, Hao, & Jong, 2011), offer opportunities for
social interaction, and also support learning through progressive levels of practice
(Sauvé & Kaufman, 2010).
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2.7 The Challenge of Turning Research into Reality

Despite the considerable potential benefits of new technology outlined above,
research and development in the area has had surprisingly little impact. In this sec-
tion, a number of challenges to the research and development process are high-
lighted. While technical issues remain important, future efforts must primarily
respond to a number of nontechnical challenges to service and product innovation.
There is a need for a more collaborative transdisciplinary approach to the research
and development process, while at the same time facilitating better end-user and
stakeholder engagement in the research and subsequent knowledge translation.
More fundamentally, there is a need for better theoretical and conceptual approaches
if research is to be effective in driving technology innovation.

2.8 The Research and Development Process

It is becoming increasingly common for projects to have teams with numerous part-
ners, involving several countries and languages, commercial, government and aca-
demic organizations and multiple disciplines. Indeed, it is difficult to envisage
research in the area of technology and aging without this kind of collaboration.
However, it is important to consider the many practical and operational challenges
involved in the R&D process. Woolrych and Sixsmith (2012) document the prob-
lems encountered within the EU-funded SOPRANO project that aimed to develop
an Ambient Assisted Living (AAL ) system to help older people live independently
(see Chap. 12). Multinational projects, such as SOPRANO, encounter communica-
tion barriers in terms of language, sharing information, and everyday interaction.
Also, different organizations and countries present local challenges that require a
level of flexibility and local autonomy that is difficult to achieve within a rigid
research framework. Moreover, the different expectations of the various collabora-
tors (including funding bodies) need to be carefully reconciled and managed
throughout the R&D process. For example, how do technical problems or unex-
pected delays in one part of a project impact on the project as a whole, and how are
they dealt with?

However, the issues of collaboration and teamwork go beyond practical and
technical concerns; there is a need to look critically at the culture of research and
development and the language, concepts and mindsets that frame and determine the
development and implementation of new technology for older people. Research has
often been driven by technological agendas and a silo mentality towards the devel-
opment of ICT-based solutions (Miiller & Sixsmith, 2008). This has been a major
factor in limiting the practical outcomes, as systems and devices are often poorly
aligned with the needs, preferences and wishes of end users. Inter- and multidisci-
plinary approaches tend to bring different disciplines together in ways which com-
plement each other but do not generally achieve holistic understandings, focus on
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problem solving or explore methodological integration (Ramadier, 2004). In the
area of technology and aging, where complex, multidimensional problem-based
phenomena demand innovative approaches, a transdisciplinary approach is appro-
priate. Transdisciplinarity is characterized by a problem focus, evolving methodol-
ogy and intense collaboration (Wickson, Carew, & Russell, 2006), whereby
partnership working allows expertise, knowledge, and joint working practices to
transcend disciplinary boundaries. Approaches such as Action Learning (McGill &
Beaty, 2001) and Appreciative Inquiry (Cooperrider & Whitney, 2005) have been
designed to bring together all the relevant disciplines on equal basis to engage in
methodological development and interpretation of findings. Transdisciplinarity
highlights the implications of research findings for technological design, conceptual
development, creative processes, and professional practice much more rapidly than
individual isolated efforts.

A further requirement is to educate and train a new generation of researchers and
break down the traditional disciplinary boundaries (e.g., technical versus domain
knowledge) and promote transdisciplinary teamworking as the basis for effective
R&D. A number of these initiatives have emerged over the years. For example, the
European Union funded intensive courses on gerontechnology under their Erasmus
and Socrates programs. The International Society for Gerontechnology has for
many years run master classes where leading researchers in the field mentor gradu-
ate students to develop their ideas, skills, and career pathways. While these initia-
tives are valuable, they are somewhat disparate and peripheral within the overall
educational landscape, and there remains a need for a more programmatic approach,
where the necessary concepts, approaches, and skills are embedded in the main-
stream education of gerontologists, engineers, and computer scientists. There are
signs that this is beginning to happen with various credit-bearing degree courses
emerging, for example, Pace University’s intergenerational service-learning com-
puting course (http://csis.pace.edu/gerontechnology/).

2.9 User-Driven Approaches

One issue that has often been raised is that much of the research within the area of
technology and aging has been technology driven, without assessing how they
impact on the everyday lives of older people, often resulting in low take-up and
usage of the technology by potential end users. Without a more user-focused
approach, there is a danger that technologies will be ill-conceived and fail to match
the needs and situations of older adults. Commentators have been largely critical of
the attempts to involve users in the design and development of technology. They are
rarely involved at every stage of the process, highlighting a tokenistic approach to
user involvement with little representation in the development of the technology at
later stages (Fudge, Wolfe, & McKevitt, 2007). Indeed, within most technology
projects, the resources for user research are significantly less than those devoted to
the technical aspects of the research and development. While there is still a long
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way to go, there has been a recent shift towards user-centered research in response
to the above critique (Rubin, 1994; Steen, Kuijt-Evers, & Klok, 2007). Grounding
the whole R&D process in the real experiences of users can create technologies that
are usable, useful, acceptable, ethical, and supportive (Eisma, Dickinson, Goodman,
Syme, Tiwari, & Newell, 2004). Rather than constraining users within rigid techno-
logical frameworks, it is important that devices are context aware and able to
respond unobtrusively to the routines and activities of older people (Guo, Zhang, &
Imai, 2010). The emphasis needs to be placed on putting users in control of the
technology and using it to take control of their own lives and enhance choice and
independence (Davidoff, Lee, Yiu, Dey, & Zimmerman, 2006).

Adopting a user-centered research approach requires a level of flexibility in the
approach that can be difficult to achieve in practice. Woolrych and Sixsmith (2012),
in a reflection on involving users in the development of an AAL system, highlight
some of the difficulties that were encountered. In this case, the research was guided
by an Experience and Application Research (E&AR) approach to involve end users
(older people, carers, and service providers) in the entire R&D process (Sixsmith,
2011): requirements specification, development of use cases, prototyping, imple-
mentation, and evaluation. For example, early-stage prototypes (mock-ups) were
presented by actors in a scripted drama workshop to allow an audience of older
people to visulaize how the system might work and contribute their ideas to further
refinement and development. Working closely with users in this way requires rela-
tionship building with local providers and older people (van den Hove, 2006), with
a considerable commitment of time, effort, and resources. But beyond this, there has
to be genuine participation by users and stakeholders though appropriate communi-
cation and dialogue between all the parties involved. The benefit to the research
process is that users and service providers have local knowledge that is in turn help-
ful in recruitment and maintaining participation, for example, in field trials. Users
on the other hand need to be appropriately remunerated for their involvement, as
this can be a highly demanding role. There is an expectation that older users have
the time and desire to participate in research, when they often lead busy lives, for
example, with work, volunteering, family commitments, as well as their own per-
sonal activities. The research process can also lead to consultation fatigue that may
result in them dropping out.

One of the potential benefits of a user-centered approach is that it will result in
products and services that are more marketable because they accurately reflect the
needs of older people. However, while technologies may be more usable and
acceptable, this does not necessarily lead to innovation. A user-centered approach
also involves the identification of routes to market and knowledge translation.
Older users are likely to be consumers of multiple services and systems, and the
development of new technologies needs to take this into account, emphasizing
their complementarity and added value to existing services. It is essential to be
aware of all the various stakeholders involved, such as older end users, their fami-
lies, community organizations, service providers, and policymakers. These actors
will often have competing agendas and needs that have to be carefully explored
and accommodated within the development of technology-based solutions. For
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example, service-provider organizations are likely to have strongly defined cultures
and processes that in themselves create challenges to the adoption of innovatory
technologies. In this context, the process of technology development has to be
predicated on a good understanding of the business models and processes of ser-
vice providers. At this point, it is difficult to envisage that new technologies will
simply replace the face-to-face care that is typical of most personal services for
older people and ICTs should be seen as part of an integrated spectrum of care
(Miskelly, 2001).

2.10 Knowledge Translation and Technology Exploitation

It is both interesting and ironic that despite the considerable research and develop-
ment into new systems and devices to help older people, the uptake remains low
despite the benefits that they can potentially provide. The technology-push approach
has typically failed to appreciate the significant challenges to creating viable service
processes and business models that include technological innovation. Making tech-
nology solutions a reality in terms of real-world products and services requires
addressing these challenges in a way that creates positive outcomes for all the stake-
holders involved. Indeed, our ideas of knowledge translation must go beyond the
typical end-of-project dissemination approach to one that includes stakeholder par-
ticipation and business modelling as fundamental to the whole R&D cycle so that
technologies are congruent with the real-world opportunities and constraints.
Research by Meyer and colleagues (2012) explores the international markets for the
different generations of telecare systems and highlighted international differences
in penetration. They argue that barriers to the creation of effective markets remain
considerable worldwide, with factors such as funding and reimbursement systems
and organizational issues within care services constraining service innovation.
Despite this, the case for ICTs being part of the spectrum of care is increasingly
compelling, but there is a need for a more holistic approach to technology develop-
ment and deployment that includes key activities: user requirement analysis, care
process design, and business case modelling. The aim here is to ensure that systems
and devices are aligned with all the key stakeholders involved in the consumption
and delivery of technology-based services.

Health and social care provision exists within a context of complex economic,
social and political factors while user and financial considerations are pushing the
delivery of services away from traditional settings such as long-term care facilities
and hospitals into the homes and communities in which older people live. While
ICTs have the potential to play an important role in the delivery of home-based
services, the realization of this potential is also dependent on government policy to
facilitate and encourage the uptake of new technologies within the caring services.
Marin and Mulvenna (2012) examined technology policy initiatives in the UK.
A key component in the effective implementation of technological solutions is a
research and development cycle that is evidence-based and closely aligned to
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national policy objectives. In the UK, a range of initiatives have been demonstrated
to have significant cost savings and improved delivery of services. The development
of strong evidence-based policy has been a major driver of the introduction of new
technologies in local health and social services.

The discussion in this and the previous section has focused on how to transform
research and prototypes into useful real-world products and services. The key chal-
lenge is how to achieve user-centered product development alongside greater pen-
etration of the market. This route to market is not straightforward, and indeed, some
of the considerations outlined above suggest that there are contradictory factors at
play. As Woolrych and Sixsmith (2012) note, providers are often highly conserva-
tive institutions that are resistive to innovation, and the ongoing failure to translate
research into viable products and services points to structural weaknesses within
service delivery systems as much as weaknesses in the viability of new systems and
devices. ICTs offer avenues for developing innovative solutions for older people
that go well beyond existing concepts of elder care, and it is beholden on those
working within the field of technology and aging to adopt a critical perspective that
will itself challenge the status quo rather than simply reflect the business-as-usual
approach that is implicit in current lines of research.

2.11 The Need for Theory in Gerontechnology

A final issue is the way we think about technology both within the research process
and in respect to how our ideas and concepts about technology and aging are
reflected in the ways we support older people. In the 1980s, James Birren referred to
gerontology as being data rich yet theory poor (Birren & Bengtson, 1988). While
theoretical perspectives appear to have become more significant within recent geron-
tological literature generally, if one scans the rapidly growing literature on aging and
technology, it would be fair to say that it is almost devoid of theory. There have been
some attempts in the nascent field of gerontechnology to map out its disciplinary
boundaries and dimensions, but even cursory comments on theoretical ideas and
issues pertaining to research in the area are noticeably lacking.

Theory is important for a number of reasons. Firstly, it allows us to develop,
define and articulate our basic ideas about a problem domain. Describing
technology and aging research as atheoretical does not necessarily mean it is non-
theoretical but that its theoretical ideas and principles remain largely tacit and
unsystematic. Without a well-worked-out theoretical basis, there is a danger that
our understanding of an area will at best remain limited and at worst embody some
of the ageist attitudes that exist within society. Secondly, theories are, or should be,
important drivers of empirical research, for example, in helping to develop research
questions and hypotheses and to determine methods and research instruments.
Theories can be used to create conceptual frameworks and models of the domain
being investigated, and the development of these models is an important step to
ensure that the basic approach is sound. These conceptual models are especially
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important when the problem is inherently complex. Thirdly, theories are useful in
interpreting the results of research and are important for the advancement of knowl-
edge in an area. Without the development of theoretical narratives (theories are
essentially high-level descriptions of the how and why of a phenomena), then it is
difficult to arrange our ideas and build on previous knowledge.

Without these theoretical structures, research efforts in the area of technology
and aging will remain impoverished with a consequent impact in terms of
technology-based products and services for older people. Potential directions for
theory development include theories of innovation to explain the way new systems
and devices emerge from concept to realization. A more theoretical exploration of
the ideas of needs within the older population is also a useful avenue. For example,
theoretical ideas of person—environment fit (Lawton & Nahemow, 1973) may help
to align the design of technological aids to the personal and situational factors of the
older user. However, the emerging field of gerontechnology remains at the very
earliest stage of theoretical development. A potential starting point in the develop-
ment of theoretical ideas within gerontechnology is a fourth role of theory as a
means to reflect and critique on our knowledge of a problem area. The process of
reflection and critique is fundamental to scientific enquiry and the advancement of
knowledge and is dependent on theoretical reasoning.

This critical perspective has developed since the 1970s within gerontology
(Biggs, Hendricks, & Lowenstein, 2003) with a focus on how everyday life is often
structured by social processes. Within the perspective, the attitudes, roles and rules
that govern everyday life are mediated language, knowledge, practices and institu-
tions and even the physical environment in which we live—all of which are socially
constructed rather than given within an immutable world. For example, the idea of
ageism has been used to describe the way society tends to marginalize and disem-
power older people (e.g., through mandatory retirement), while at the same time
representing this as the natural order of things. It is possible to reconceptualize
technology in exactly the same way, where we can see technology not in terms of
attributes such as usability or function but in social and behavioral terms, struc-
tured by socially constructed processes of development, commercialization, and
patterns of usage.

At the societal level, recent years have seen significant technological change
within ICT in areas such as digital media, mobile telecommunications and Internet
access to information/communication, where ICTs occupy an increasingly impor-
tant place in society. These technologies have significant potential benefits for
socially excluded groups. Older people, for example, could benefit from access to
lower-cost goods and services available online (McLean & Blackie, 2004). However,
access to and engagement with ICTs is unequally distributed across society leading
to a digital divide (Korupp & Szydlik, 2005). This inequality has been further anal-
ysed as digital exclusion (Cushman & Klecun, 2006), with a much larger proportion
of seniors not using ICTs compared to the general population, due to factors such as
lack of skills in using new technologies. Skills are acquired through both formal and
informal routes to equip the older person with functional abilities in using technolo-
gies, and without them, participation in many domains of everyday life can be
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compromised excluding older people from wealth of potential benefits that emerge
through continuing technological change.

Secondly at the behavioral level, it is important to consider the ways technolo-
gies, even those that are designed to aid old people, can in themselves contribute to
social processes or marginalization. The prominent British social gerontologist,
Peter Townsend, developed the concepts of structured or induced dependency to
explain the way society and its institutions (e.g., retirement, poverty, institutionali-
zation, and the restriction of social roles) contribute to the creation and maintenance
of dependency within the older population (Townsend, 1986). Townsend also sug-
gested that the dominant conceptual framework for understanding policy and prac-
tice was what he characterized as acquiescent functionalism:

.. a body of thought that attributed the causes of the problems of old age to the natural
consequences of physical decrescence and mental inflexibility, or to individual failures of
adjustment to aging and retirement, instead of the exertions of state economic and social
policy partly to serve and partly to moderate market forces. Social inequality was thereby
“re-configured” in the language which is now being applied to universal social services
(Townsend, 2006).

The critique was particularly aimed at a dominant social policy agenda that had
emerged in the early and mid-twentieth century that had in many ways marginalized
the position of older people within Western societies. A family of theoretical ideas,
neoliberal economics, democratic pluralism, sociological functionalism, and ideas
within social psychology implicitly saw the stages of industrial development and
modernization as progressive, benign, and beneficial for society. The acceptance of
these ideas reinforced a concept of old age that accepted the structural inequalities
within society and the dependency of older people as an inevitable consequence of
this process and the combined ideas within acquiescent functionalism served to
validate a policy of dependency. While a very strong critique of this perspective
emerged in the later decades of the twentieth century, there remain features of
institutionalized agism that persist in shaping the lives of older people in contem-
porary society.

As mentioned, the underlying idea from critical gerontology is to try and recon-
ceptualize technology as something that is fundamentally social in nature. For
example, much of the technology development effort has been focused on enhanc-
ing the care and support provided to older people. Sixsmith (2012) suggests that the
increasing use of surveillance technologies to monitor the activities and health sta-
tus of older people is justified on the grounds of providing help and support to those
in need. However, little attention has been given to how these technologies might
impact on users’ everyday lives beyond technical issues of confidentiality and data
protection. While these systems ostensibly aim to help older adults live more safely,
their development and deployment has generally adopted an agenda of dependence,
focusing on issues of clinical needs, impairment, and incapacity. This is particularly
important given that monitoring technologies have extended surveillance into
the fabric of everyday life. Even though users are generally accepting of these
technologies, the intrusion of the clinical gaze into everyday life changes the power
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relationships between the carer and the client and observer and observed. The
exposure of hidden, intimate spaces to external observation has a regulatory effect
(Foucault, 1995) both on the everyday behavior of the person being observed and
the actions by the observer/carer necessitated by the new categories of knowledge
afforded by surveillance.

Technology-based solutions tend to be constrained within an existing provider-
led agenda of care that has typically focused on reactive services rather than preven-
tative interventions, and an uncritical adoption of technology may actually contribute
to a process of induced dependency. Moreover, the technology/care agenda also
fails to recognize the way technologies can transform everyday life and social rela-
tionships. Personal and social constructs and characteristics such as gender, educa-
tion, ethnicity, and disability play key roles in older adults’ relationship with
technology, impacting on their social inclusion and quality of life. A vital element
in understanding this is the older person’s own views and experiences of technol-
ogy, which can often be at odds with mainstream conceptualizations (Freeman &
Lessiter, 2001; Sixsmith & Sixsmith, 2000). In particular, technology is often
framed in terms of supporting frail and disabled older people. While this ostensibly
aims to help older adults live independently and enhance their quality of life, the
approach has generally focused on issues of impairment, age-related decline, and
the problems associated with later life rather than positive aging. Such research
largely fails to address the very diverse experiences of older people and their mean-
ingmaking around technology in everyday life, although exceptions to this model of
technology and decline do exist, for example, McCreadie and Tinker (2005) iden-
tify older adults’ own meanings of the consequences of assistive technologies for
their identity. This work suggests that people’s life experiences and technological
biographies within the context of the lifecourse may also impact on their engage-
ment with a changing technological landscape (Avgerou & McGrath, 2007). Further,
much of the everyday experience of interacting with technologies happens at the
level of practical activity embedded amongst all other everyday experience. The key
issue here is identifying how people engage with an everyday world that is pro-
foundly familiar and largely taken for granted, so that the findings can become the
basis for developing suitable technological interventions that can be embraced by
older adults because they can readily recognize their potential for maintaining a
good quality of life and also feel well equipped to utilize them in the ways, and for
the purposes, that suit the individual within the context within which they live.

2.12 Conclusion

The fact that most people in the developed world (and increasingly in the develop-
ing world) can now expect to live into old age is one of the great success stories of
recent history. In many ways, modern society and its political and economic institu-
tions are still coming to terms with the very dramatic progress that has been made
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in the last 100 years or so in terms of reduced mortality and fertility rates, better
standards of living, health, and hygiene, and rapid advances in medical treatment.
However, the discourse on aging and old age within society is often highly negative.
While older people often experience a range of problems associated with the aging
process, their depiction is typically stereotyped and overgeneralized and fails to
recognize the positive experiences of older individuals and their contributions to
society.

The technological solutions outlined in the first part of this chapter highlight the
many potential ways information and communication technologies can be har-
nessed to enhance the well-being of older adults. However, the research agendas
that have emerged may in turn be constrained by a number of practical, method-
ological, and conceptual weaknesses. Perhaps the most significant is that technol-
ogy research has often used the same language of problematization and desperation
that has been described as an apocalyptic gerontology that is informed by a dis-
course of dependency and the overwhelming impact of aging on modern societies
(Gee & Gutman, 2000). The idea of dependency characterizes old age in terms of
illness, frailty, impairment, and incapacity, implying a simple relationship between
population aging and the demands placed on health and welfare services. However,
as Lloyd-Sherlock, McKee, Ebrahim, Gorman, Greengross, Prince, et al. (2012)
highlight, simple measures of health (e.g., morbidity) are not always good indica-
tors of functional status. The relationship between health, functional status (the abil-
ity to perform tasks of daily living), and the demands placed on healthcare systems
is far from straightforward. For instance, there are considerable variations within
and between countries in the health and functional status of older populations.
Lloyd-Sherlock and colleagues also point to the mounting evidence that relatively
cheap and simple interventions can have a very significant impact on the person’s
ability to live independently and manage their health conditions at home and better
information and advice about health issues, preventative measures, and support for
carers can all have a major impact. However, most countries have failed to make
these kinds of interventions generally available, representing almost a negligent
attitude within the policy and practice arenas to make an impact on the health and
well-being of many millions of people, while at the same time creating much of the
service demand for which the rising population of older people is blamed (Lloyd-
Sherlock et al., 2012):

...instead of being portrayed as a problem, increased human longevity should be a cause for
celebration. Moreover, population aging provides opportunities to rethink health policy for
the benefit of all (Lloyd-Sherlock et al., 2012).

Much of the discussion in this chapter has aimed to defuse the so-called demo-
graphic timebomb and to emphasize how we can potentially utilize technology for
the betterment of society by enhancing the independence, health and quality of life
of older people. Yet it is important not to underestimate the huge shift this will
require in the mindset about old age and the reorienting of the research and develop-
ment agenda. While technical challenges still exist, the most significant and intran-
sigent challenges are likely to be more social and attitudinal in nature.
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Chapter 3
Older Adults and the Adoption of Healthcare

Technology: Opportunities and Challenges

Sara Czaja, Scott Beach, Neil Charness, and Richard Schulz

3.1 Introduction

The population is aging at an unprecedented rate in both developed and developing
countries. The number of people aged 65 and over worldwide was 506 million in
2008 and is projected to be around 1.3 million by 2040 (Kinsella & He, 2009). In
the USA alone by 2030 there will be about 72 million people aged 65 and over who
will represent 19.3% of the population. A critically important feature of population
aging is the growth in the number of people aged 80 and older who represent the
oldest old (Fig. 3.1). Worldwide the 80+ population is expected to increase by
233%. In the USA people age 80+ will number about 6.6 million by 2020 and will
represent 35% of the older population by 2040.

The growth in the number of older people especially those who represent the
oldest old has vast implications for the healthcare system as the likelihood of devel-
oping a chronic disease or disability, and the need for healthcare services generally
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Fig. 3.1 Oldest old as a percentage of all older people: 2008 and 2040 (Source: An Aging World:
2008. U.S. Census Bureau, International Population Reports, P95/09-1. U.S. Government Printing
Office, Washington, DC (2009))

increases with age. For example, within the USA, about 80% of older adults have a
chronic condition such as heart disease, diabetes, or arthritis, about 50% have at
least two conditions (Center for Disease Control and Prevention, 2010), and large
numbers of older people have functional limitations that interfere with the perfor-
mance of daily living tasks (Fig. 3.2). Further, about 5 million Americans aged 65
and older have Alzheimer’s disease, and this number will increase in the coming
years especially with the growth in the oldest old (Alzheimer’s Association, 2010).

Clearly strategies are needed to ensure that older adults and families who are in
need receive the care and services they require and to promote health, well-being,
and independence among older people. Poor health is not an inevitable consequence
of growing older. Although there is a greater propensity towards developing chronic
conditions and disabilities with age, current generations of older adults are in many
ways healthier than prior generations. In addition, many older adults lead active
lives and are actively involved in the management of their health. As discussed
below healthcare technologies provide opportunities for enhancing the ability of
older people to be actively engaged in health self-management.

At the same time that the population is aging, there are marked changes occur-
ring within healthcare systems. In this new environment, individuals and their fami-
lies are expected to assume an increasing role in the management of their own
health, perform a range of healthcare tasks, and interact with a vast array of medical
devices and technologies within home and community settings. For example, elec-
tronic links between healthcare professionals and older patients provide healthcare
providers with easier access to their patients and allow them to conduct daily status
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Fig. 3.2 Percentage of persons with disabilities in activities of daily living by age group: 2007
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checks or to remind patients of home healthcare regimes. Technology applications
are also commonly used within home settings to monitor a patient’s physical, emo-
tional, or cognitive functioning. Current technologies can also facilitate the ability
of caregivers to monitor older relatives who are in need of care and support. These
applications offer the potential of allowing many people who are at risk for institu-
tionalization to remain at home. In addition, with the rapid introduction of elec-
tronic medical records (EMRs), many of which have patient portals, patients will
have access to varying degrees of their medical information, perform tasks such as
communicate electronically with providers, schedule appointments, renew prescrip-
tions, and access health management information through links to medical websites.
There are also a myriad of health websites available that provide consumers with
access to health information and services and the ability to buy medical supplies,
equipment, and even medications/supplements. Technology also offers opportuni-
ties for increased social connectivity which can be extremely beneficial for many
older people such as those who are isolated or live alone or geographically distant
from family members. Social isolation is associated with poorer quality of life,
life satisfaction, and well-being, poorer health status, and distress and mental
illness (Cantor & Sanderson, 1999; Cobb, 1976; Dykstra, 1995; Ellaway, Wood, &
Maclntyire, 1999; Ellis & Hickie, 2001).

Overall, technology holds the promise of improving access to health care for
older people and empowering them to take an active role in health self-management.
However, although the rate of technology adoption is increasing among older peo-
ple, existing data indicate that there are still age-related gaps in usage. For example,
in the USA in 2010 about 42% of people age 65+ were Internet users as compared
to 78% of people age 50-64 and 87% of those 30—49 years old (U.S. Census Bureau,
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2011). Older adults using computers and Internet tend to be better educated, white,
have greater social resources, and fewer functional impairments than non-adopters.
Home broadband adoption is also lower among older people. In 2010, only 31% of
people aged 65+ had broadband access at home which limits the scope and potential
of the online experience and the ability to use many health applications (Smith,
2010). Use of technology also tends to be lower among people with chronic condi-
tions. According to recent data from the Pew Internet & American Life Project (Fox
& Purcell, 2010), living with a chronic disease has an independent negative effect
on someone’s likelihood to have Internet access especially if they have more than
one chronic condition. Further, although 82% of adults in the United States have a
cell phone, only 57% of people aged 65+ years report cell phone ownership (Lenhart,
2010). Communication devices are increasingly becoming more integrated with
computer network resources providing faster more powerful interactive services,
and an increasing number of health services are becoming available for mobile
devices. The wide deployment of technology within health care implies that lack of
technology use will have increasingly negative implications and contribute to
healthcare disparities. For the full benefits of health technologies to be realized for
older people and their families, it is necessary to understand user characteristics,
needs, and preferences in order to maximize the usefulness and usability of these
technologies for these populations. This chapter will discuss the potential of health-
care technologies for older adults, factors that influence the adoption and use of
these technologies, and strategies to enhance technology uptake. An emphasis will
be given to health applications on the Internet and monitoring technologies given
the broad use of these applications and their potential for improving the health and
independence of older adults.

3.2 [E-Health Applications and Older Adults

In the last decade the rapid growth in communication technologies and the Internet
has created new possibilities for individuals to assume a more pronounced role in
their own health and health care. In fact, recently the term e-health has emerged
which refers to the interaction of an individual (e.g., consumer, patient, healthcare
professional) with digital information and communications technologies such as the
Internet and mobile devices to access or receive health information, guidance, or
support on a health-related issue (US Department of Health and Human Services,
2011a, 2011b). There are numerous tools and resources that fall under e-health
including social networks and support groups; online health information; online
health self-management tools; and online access to personal health records.

One of the most common forms of e-health is health information seeking by
consumers. A number of websites are available that provide consumers with infor-
mation on illnesses/diseases, medications and treatments, healthcare providers, and
health resources. Social networks and blogs related to health issues are also
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becoming popular. Government agencies are also increasingly using the Internet to
exchange information and for services. In the USA, 80% of Internet users and 57%
of the total adult population search for health information online from health
websites. The most common types of information searched for are information
about a disease or medical problem, medical treatment or procedure, or information
about doctors or other health professionals (Fox, 2011a). Seeking health advice or
receiving support from peers online is also becoming a significant source of health
information.

In general, although people with chronic conditions are less likely to go online
than those without chronic conditions, those with chronic conditions that are online
are avid seekers of online health information. Twenty-three percent of Internet users
living with a chronic condition such as high blood pressure, diabetes, heart disease,
or cancer indicate that they have gone online to find others with similar health con-
cerns as compared to 15% of Internet users without a chronic condition. However,
overall older adults and those with lower educational and income levels are less
likely to look for health information online than are other groups (Fox, 2011b).

The Internet can be very beneficial to older adults as it provides them with the
opportunity to become more informed and thus better prepared to discuss treatment
plans with their physicians (Taha, Czaja, & Sharit, 2009), seek advice from others,
for example, from other medical experts or organizations or through social network-
ing sites directed at people with similar health issues, and explore the risks and
benefits associated with decision options. The Internet may also be beneficial for
family caregivers who are providing care for an older person with a chronic illness
or disease such as dementia. Networks can link caregivers to each other, healthcare
professionals, community service, and educational programs. Recent findings from
an interview study of approximately 1,500 caregivers indicated that 53% use the
Internet as a source of information about caregiving (National Alliance for
Caregiving, 2009). The following section discusses some of the potential issues
associated with health information seeking for older adults.

3.3 Issues Surrounding Online Health Information
Seeking and Older Adults

Although the Internet holds promise in terms of improving access to healthcare
and health information for older adults, to date many Internet-based health appli-
cations have been designed without consideration for needs, capabilities, and pref-
erences of this user group. For example, the US government’s Medicare.gov
website is intended to support health-related activities, such as finding information
and solving problems related to healthcare benefits. However, a recent investiga-
tion of the usability of this website revealed that, despite having had experience
searching for information on the Internet, older study participants encountered
greater difficulty and generally performed poorly using it, compared to younger
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users (Czaja, Sharit, & Nair, 2008). We also conducted focus groups to gain insight
regarding the health information needs of older adults and sources of health infor-
mation and to determine if there are differences in perceptions and use of health
information between Internet and non-Internet users (Taha et al., 2009). Overall,
the Internet users had very positive perceptions about health information online
and indicated that access to the information increased their ability to take care of
themselves. For those participants who did not use the Internet for health informa-
tion, the most common reasons for nonuse were related to lack of skill, concerns
about security and the quality of the information, and perceptions that the Internet
is too complicated.

One major concern within the e-health arena is the vast amount of information
that is available to consumers. For example, in September 2011 if one typed the
word dementia into the Google search box, there were 40,200,000 hits and arthritis
resulted in 88,400,000 hits. This can be daunting for older adults, many of whom
have limited Internet experience and limited knowledge of credible sources of
information. The credibility of information on health websites varies considerably.
Results from the Pew Internet & American Life Project (2008) indicate that most
consumers do not consistently check the source and date of health information they
find online. Other concerns related to the ability of consumers to integrate and
interpret the wealth of available information. The content on many health-related
websites is highly technical and difficult for nonmedical specialists to understand.
Our data (Czaja et al., 2006) indicate that older adults often have difficulty inter-
preting information provided on health websites and often find the language to be
difficult to understand. Information seeking is an activity that places demands on
many cognitive abilities. One of our studies (Sharit, Hernandez, Czaja, & Pirolli,
2008) found that reasoning, working memory, and perceptual speed were signifi-
cant predictors of performance of health-related Internet search. This is potentially
problematic for older adults as these abilities tend to decline with age. Our data
indicated that older adults who had better performance had higher cognitive abili-
ties than those who performed at a lower level (Czaja, Sharit, Hernandez, Nair, &
Loewenstein, 2010).

Clearly interventions are needed to enhance the accessibility and usability of
Internet-based health applications for older adults. There are guidelines available
that can be directed at making websites usable for older adults (Zaphiris,
Ghiawadwala, & Mughal, 2005). For designers, however, adherence to these guide-
lines is not always straightforward, especially with guidelines that are general in
nature and deal with issues related to the cognitive demands associated with web-
sites. Clearly more research is needed to identify strategies and tools to help people
effectively filter, organize, and integrate information. In addition, it would be help-
ful if designers had basic information on the needs and preferences of older adults
and age-related changes in abilities that have relevance to the design of healthcare
technologies. In this regard, designers should also adopt a user-centered approach
to design and include representative samples of older adults in product usability
evaluations.
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3.4 Monitoring Technologies

3.4.1 The Potential of Monitoring Technology for Older Adults

Technologies that monitor behavior and communicate with professionals and family
members offer great promise for enabling older adults to maintain independence by
aging in place and to ultimately enhance quality of life. Such systems could, for
example, know how well a person slept last night, identify potential health problems
before they become serious or catastrophic, know whether they are able to carry out
daily routines, and assure a daughter who lives in a distant city that they are doing
well today. Various monitoring systems for older adults and their caregivers are
already on the market, and many more are being developed.

Home-based monitoring technology for older adults offers a variety of potential
benefits. The Center for Aging Services Technologies (CAST) categorizes these
systems into three broad domains (1) safety, (2) health and wellness, and (3) social
connectedness (Alwan, Wiley, & Nobel, 2007). Home-based safety monitoring
technologies include fall detection and prevention systems, both push-button and
accelerometer-based wearable (e.g., Life Alert) and sensor-based embedded envi-
ronmental systems (e.g., QuietCare); mobility aids for wheelchairs (e.g., to enable
stair climbing) and robotic walkers to enhance safe navigation; stove use detectors
(e.g., Stove Guard); and smoke and temperature monitors. Health and wellness
monitoring technologies include wearable activity monitors using accelerometers
and sensors (e.g., Bodymedia); non-wearable, embedded sensor activity monitors to
track activities of daily living (ADL), instrumental activities of daily living (IADL),
and other behaviors (e.g., Healthsense); hybrid wearable/environmental systems
with radio-frequency identification (RFID) readers and tagging of environmental
objects to monitor ADL performance; ambulatory monitors to record and transmit
physiological data (e.g., cardiac event and Holter monitors); passive environmental
non-wearable systems like bed monitors for clinical sleep assessment; medication
compliance systems that monitor intake and provide prompts and reminders; and
cognitive assessment/orthotics devices.

Potential benefits of health and wellness monitoring for older adults include
improved health outcomes and quality of life, empowerment and self-directed
health, and prolonged independence, while informal caregivers may benefit from
being more informed about their loved one’s health, improved health-related com-
munication, opportunities for prevention and early detection and intervention, and
reduced burdens and strains of care. It should be noted that while these systems are
becoming more commonplace, evidence for their actual impact on caregivers and
older adults’ health outcomes is generally weak (Alwan et al., 2007). Social con-
nectedness monitoring is a relatively new area of application and involves the use of
sensors to facilitate awareness and interaction between remote family members
(e.g., INTEL’s presence lamp). Older adults may benefit from improved quality of
life via increased social interaction, and reduced isolation, with the potential for
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improved health outcomes as a result, while informal caregivers can benefit from
improved communication with their loved one.

A more recent development is the design and implementation of smart home
applications. These involve integrated networks of sensors—which may include a
combination of safety, health and wellness, and social connectedness technologies—
installed into homes or apartments to simultaneously and continuously monitor
environmental conditions, daily activity patterns, vital signs, sleep patterns, etc.
over the long term. One example is the system being developed at the University of
Missouri (TigerPlace) by Skubic, Alexander, Popescu, Rantz, and Keller (2009).
The goal is to capture physical and cognitive behavioral patterns and develop algo-
rithms to detect deviations from normal patterns in the hopes of early detection of
health problems and prevention of health declines. The potential benefits of such
technology are evident, although some would argue that the constant monitoring
and “big brother” qualities of whole-home systems may outweigh any benefit and
lead to low acceptance or abandonment of the technology. The next section dis-
cusses more general issues surrounding older adults’ potential acceptance of moni-
toring technology.

3.4.2 Issues Surrounding Acceptance of Monitoring
Systems by Older Adults

All technology, including the monitoring technologies discussed here, involves
potential barriers to acceptance that must be overcome to facilitate widespread
acceptance, adoption, and continued use. These include a broad range of user char-
acteristics (socio-demographics, health status, social support, experience with and
attitudes towards technology) and resources (sensory, cognitive, psychomotor);
system characteristics (user interface, instructional support, aesthetics, engage-
ment, functionality); and the fit between the user and the system. This section dis-
cusses a reduced set of the key potential barriers to acceptance of monitoring
technologies by older adults. We start the discussion with the issue of privacy,
which is certainly a potential stumbling block for technology that involves monitor-
ing, surveillance, and potential sharing of data on a range of behaviors and vital signs
with family, healthcare providers, and others. We present some of our own work in
this area with surveys of disabled and nondisabled baby boomers and older adults,
followed by discussion of a recently developed privacy framework that confirms and
extends our work (Lorenzen-Huber, Boutain, Camp, Shankar, & Connelly, 2010).
The section concludes with a discussion of the other key issues for the acceptance
and adoption of monitoring technologies by older adults. These include perceived
need for the technology by the older adult, perceived system usefulness, system
demands, and the effects of monitoring technologies on social interaction and social
connectedness.
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Privacy: Monitoring technologies can potentially create concerns about informa-
tional privacy—what type of information is recorded, how it is recorded, and with
whom it is shared. In a recent national Web-based survey of 1,518 disabled and
nondisabled baby boomers (age 45—64) and older adults (age 65+), our research
group found variation in attitudes across these dimensions (Beach, Schulz, Downs,
Matthews, Barron, et al., 2009; Beach et al. 2010). We varied what type of
information was being recorded (vital signs, moving about the home, taking
medications, cognitive abilities, driving behavior, toileting) and crossed this with
three methods of recording (video with sound, video without sound, sensors)
separately with the target recipient of the information (self, family, doctor,
researchers, insurance companies, government). Figure 3.3 shows potential users
were less accepting of the use of video cameras, either with or without sound, than
of sensors (using a 10-point scale with 1=completely unacceptable and
10=completely acceptable). Note that the acceptability of recording toileting
behavior via video was very low, although recording this highly sensitive activity
with sensors was seen as moderately acceptable.

Figure 3.4 shows less acceptance of sharing information about toileting behavior
and, to a lesser extent, driving behavior and that insurance companies and the gov-
ernment are least acceptable as potential recipients of health information, while
family members and doctors are most acceptable. Also, note that sharing informa-
tion about driving behavior is less acceptable outside of family contexts. The other
major finding of the study was that both baby boomers and older adults reporting
higher levels of disability were more accepting of having information recorded and
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shared than those with lower levels or no disability. We found a dose-response
effect where those reporting both ADL and IADL difficulties were most accepting,
followed by those reporting only IADL difficulties, and followed by those who were
nondisabled. The study provided empirical evidence of the implicit trade-offs
between reduced privacy and improved health and suggested that such trade-offs
may be more likely among those most in need of help (Beach et al., 2010; Beach,
Schulz, Downs, Matthews, Barron, et al., 2009).

In a follow-up survey of 403 gerontology research registry and 217 wheelchair
registry members aged 45 and older, our group explored privacy trade-offs and
monitoring technology more explicitly and extensively (Beach, Schulz, Downs,
Matthews, Seelman, et al., 2009; Beach et al., 2010). Figure 3.5 shows the percent-
ages willing to accept home monitoring of varying levels of intensity and sharing
information with varying targets in order to prevent going to a nursing home.
Respondents were less accepting of video monitoring—especially when done in the
bedroom and bathroom—than sensors, even if this monitoring would prevent insti-
tutionalization. Respondents were also less accepting of sharing information with
insurance companies than with family or a doctor even if it helped prevent institu-
tionalization. These findings suggest that some privacy trade-offs may just “not be
worth it” for a significant subset of baby boomers and older adults. Lastly, the sur-
vey found that more disabled and more educated respondents were more willing to
make privacy trade-offs but that assistive device use (primarily wheelchair) was not
related to willingness to make these trade-offs.

Lorenzen-Huber and colleagues (2010) have recently proposed a framework for
privacy, technology, and aging that confirms and extends our work. These authors
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conducted focus group interviews with 65 older adults (age 70-85) who were
allowed to observe and interact with various prototype technologies at Indiana
University’s Living Lab model home. The technologies ranged from the MD2 medi-
cation dispenser compliance system, to a mirror motive system that displays remind-
ers and coordinates social engagement, to an ambient plant with sensors and lights to
facilitate awareness between remote family members (eight total technologies).
They found that older adult concerns about privacy were highly contextualized,
individualized, and influenced by psychosocial motivations in late life. Factors that
influenced perceived privacy included (1) the perceived usefulness of the technol-
ogy (including awareness of their own perceived vulnerability or need for the tech-
nology), (2) social relationships, (3) data granularity (including level of granularity
and data transparency), and (4) sensitivity of activity. Data granularity refers to the
level of detail captured by the monitoring system—for example, full video versus
obscured or ambient images from sensors. The researchers found that older adults
were generally opposed to highly granular data collection like video, confirming our
work cited above. Data transparency is concerned with what data are collected,
stored, transmitted, or shared and with whom. Although they found that older adults
were very naive about these issues, our work shows that concerns about privacy can
vary when some of these parameters (what is recorded, how, and with whom it will
be shared) are made clear. Their findings on sensitivity of activity—older adults
were very concerned with being able to control the devices (i.e., turn them off),
depending on what they were doing—mirror our findings that the acceptability of
recording/sharing information differed by specific behavior (toileting and driving
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less acceptable). The Lorenzen-Huber et al. (2010) framework also points
to the interrelationships between privacy concerns and other key issues for the
acceptance and adoption of monitoring technologies by older adults, including per-
ceived need for the technology by the older adult, perceived system usefulness,
system demands, and the effects of monitoring technologies on social interaction
and social connectedness. We conclude this section with a brief discussion of each
of these issues.

Perceived Need A fundamental issue in the acceptance of monitoring (and all)
technologies by older adults is perceived need. A recurring finding in the research
with older adults and technology is that many of these potential users simply do not
think they currently need, and will probably never need, this type of assistance. For
example, Barrett (2008), analyzing data from the Healthy @ Home survey sponsored
by AARP using national Web panels of 907 older adults (age 65+) and 1,023
caregivers, found that seven in ten older adults say various safety and health and
wellness devices may not be something they need, while eight in ten caregivers
thought they would have some or a great deal of difficulty persuading the people
they help to use the technology. In a more detailed secondary analysis of the Healthy
@ Home data, Schulz et al. (2010) found that believing a device “would not be
something I need” was a significant (negative) predictor of possible use of health
and wellness technology. In addition, believing that a safety technology “would
make me look like I need help” was also predictive of lower likelihood of use.
Lorenzen-Huber et al. (2010) also noted that their focus group participants tended
to say that while other older adults would benefit from monitoring technology, they
did not perceive a personal need. This may be the most fundamental barrier to the
adoption of not only monitoring but other quality of life technologies by older
adults, and it certainly deserves further study.

Perceived Usefulness Closely related to perceived need is the perceived usefulness
of the technology. Older adults are more willing to adopt and use technology that
they feel will be useful in meeting their needs. This is a key aspect of many
technology uptake and acceptance models (e.g., Davis, 1989) and is certainly
applicable to monitoring technology. Older adults are much more willing to be
monitored if they perceive it as providing clear benefits.

System Demands Another key set of factors is system demands, including things
like the complexity of the system and resulting difficulty in learning how to use it
and maintain it. There is a large literature showing that older adults are generally
less comfortable with and less often use technology than their younger counterparts
(e.g., Czaja et al., 2006). Our own work showed that only 52% of our baby boomer
and older adult registry survey participants were willing to use technology that
required 5—10 h of training (vs. 81% for 2-3 h), or about 1 h of maintenance per day
(56% vs. 94% for a few minutes of maintenance per day), even if the technology
could help them perform ADL tasks (Schulz et al., 2010). We did find that those
who were more disabled were more willing to make these trade-offs. However,
these findings reinforce the need for simple, intuitive user interfaces that require
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minimal training of end users and other stakeholders. Another crucial system
demand is the cost of the system. Multiple studies have shown that cost is perceived
to be a major barrier to the potential adoption of technology for older adults and
caregivers (e.g., Barrett, 2008; Schulz et al., 2010). However, a detailed discussion
of this topic is beyond the scope of this chapter.

Social Connectedness The last issue we discuss is the impact of monitoring (and
other) technologies for older adults on social interaction and connectedness. One
of the most dramatic findings from our own work is that older adults are strongly
opposed to systems or devices that reduce opportunities for social interaction,
even if they would provide assistance with ADL or IADL tasks. Only 28% of the
surveyed registry participants were willing to make such trade-offs (Schulz et al.,
2010). Lorenzen-Huber et al. (2010) also found that the older adults in their focus
groups were very concerned about monitoring technology intruding on their adult
children’s lives, that technology should never replace human contact, and that
they should remain full participants in any exchange of data with family or
healthcare providers. Finally, as noted in the introduction to this section, there are
monitoring technologies that focus on maintaining and increasing social
connectedness. All of this work reflects the fundamental desire for many older
adults to remain socially integrated and connected and that technology that
reduces these opportunities is not likely to be acceptable. Clearly there is a need
for more research in this interesting area which has broad implications for a wide
range of quality of life technologies.

3.5 Issues Regarding Stress with, Training
for, and Acceptance of Healthcare Technology

As previously discussed, for healthcare technology to be useful and usable for older
populations, the following issues need consideration: stress associated with initial
use, training for use and for maintenance, and barriers to acceptance of technologies
into a daily routine. As an example, consider the case of an older adult diagnosed
with Type II diabetes, something that is occurring with increasing frequency in the
population (Boyle et al. 2001; Mainous et al., 2007). The person is instructed by
their physician to change their diet, to increase their exercise levels, and, in extreme
cases, to use a glucose meter to monitor blood sugar levels. When first told about the
diagnosis, how likely are they to understand and remember what they are being
told? What kind of instruction will facilitate proper adherence to the treatment regi-
men? Finally, what are the barriers to integrating the treatment regimen into a daily
routine? Also, who will teach them to use and maintain the glucose meter? As dis-
cussed in the following section, these issues can be very stress inducing which can
ultimately interfere with a person’s willingness or ability to engage in a new task or
interact with a new type of technology.
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Stress Classic models of stress and coping (e.g., Folkman, 1997; Lazarus &
Folkman, 1984) emphasize the importance of the cognitive appraisal process in
judging whether a situation will be perceived as stressful or not. A useful way to
conceptualize stress effects is to consider the degree of match between the demands
on the individual and the resources that they believe that they can bring to the task
(e.g., Figure 1 in Charness, 2010). If the demands are in balance with the perceived
resources, then there will be little experience of stress. If there is concern that
demands are greater than resources, stress will be experienced in the form of
physiological arousal (elevated blood pressure, heart rate) as well as in cognitive
changes (increase in negative emotion and possibly increased workload when
performing the task if someone is worried about their performance).

Importantly, long-term stress is associated with negative changes in health. For
instance, the stress of caregiving for someone with dementia may result in increased
morbidity and mortality (Schulz & Beach, 1999). But even short-term stress can
interfere with someone’s ability to perform a task correctly and may be differen-
tially harmful to older adults. Stress can narrow the field of attention, making it
more difficult for individuals to cope with the demands of a complex task. Not sur-
prisingly, new technology, including healthcare technology, can evoke stress in a
user, particularly when that user is an older adult unfamiliar with the technology.
Though older adults are not averse to learning to use new technology if it is per-
ceived to be usable and useful (Mitzner et al., 2010), they are less likely to use it
compared to younger adults (Czaja et al., 2006) and more likely to experience stress
when using it (Sharit & Czaja, 1994).

There is also evidence that older adults are more likely to experience an elevated
physiological response to stressors than younger adults, at least when the outcome
measures include heart rate, pulse, and blood pressure (Uchino, Berg, Smith, Pearce,
& Skinner, 2006; Uchino, Holt-Lunstad, Bloor, & Campo, 2005), though this is not
always the case (Dijkstra, Charness, Yordon, & Fox, 2009). A potential solution to
older adult sensitivity to stressors, including the introduction of new healthcare
technology, is to provide them with time to settle in with a new procedure and, more
importantly, to provide them with the training and practice necessary to use the
device or system properly. They also need access to technical support. Anxiety
associated with a previously unknown situation may dissipate with appropriate edu-
cation about the situation and some practice with the new task or device. It is also
important to reassure the person that they will be capable of mastering the new
activities and to provide sufficient time for them to learn. One possibility to consider
is demonstrating device use with an age-matched model.

Training Unfortunately, much training for use of health-related technology is just in
time training. That is, a device is introduced (prescribed) and the senior must
immediately learn to use it without any further instruction or support. This type of
just in time training can be quite stressful and lower a person’s belief that they will
be able to eventually use the device or system irrespective of the person’s age. Take
the case of someone newly diagnosed with diabetes. The emotional reaction that
they have to the diagnosis is stressful by itself and can be expected to interfere with
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their ability to attend to the healthcare professional’s instructions about changing
diet and exercise levels. At the same time this person has to think about accessing
and using a new device, a blood glucose meter. Aside from an expected narrowing
of perceptual and cognitive focus, it is also likely that repetitive or ruminative
thoughts (Watkins, 2008) will reduce the cognitive resources available to process
any instructions being given soon after the diagnosis. (This reaction can be
conceptualized within the stress framework described above.)

So, training techniques should incorporate ways to reduce any emotional distress
that the senior may be experiencing, possibly by training relaxation techniques
(e.g., Dijkstra et al., 2009). Another factor worth considering is that older adults
learn more slowly than younger adults (e.g., Charness, Kelley, Bosman, & Mottram,
2001), so sound training practice should take the slower learning rate into account,
possibly by arranging for self-paced training. It is not yet clear what the best train-
ing methods are for older adults (e.g., Charness & Czaja, 2000) in part because few
studies have investigated the upper end of the life span (those most vulnerable to
acute and chronic health conditions), with most being concerned with older worker
populations (e.g., Callahan, Kiker, & Cross, 2003). Aside from self-paced learning,
learning in small groups seems to be differentially beneficial to older adults.
However, training that used to be provided directly by the healthcare professional is
increasingly being off-loaded to the client, via instruction sheets, manuals, and even
video sources. It is a safe bet that such instructional materials will be distributed
more frequently via the Internet. However, current cohorts of older adults are among
the least likely users of the Internet, with only about 42% of those age 65 and over
in the United States report using the Internet in the past year (Pew Internet and
American Life Project, 2008).

Acceptance and Maintenance There are a number of macroscale factors influencing
acceptance of health technology. Models of technology acceptance (e.g., the TAM
model of Venkatesh & Davis, 2000) stress that acceptance of a new technology in a
work environment depends on a potential user’s beliefs about how useful the
technology will be as well as on how easy to use it appears to be. This model can
be applied to health technology with some minor modifications. The perceived
importance of the device for health probably varies more than the perceived
importance of a device for work (where you may have the option of leaving your
job environment or even deciding not to adopt the device). You are more willing to
use something if you are likely to die without it, for instance, a glucose meter for
a Type 1 diabetic. Another factor is the cost of the device (money, time invested in
use). In the absence of societal/governmental support for purchase, it may be too
costly for an individual to purchase or lease a device. As in the technology
acceptance model (TAM), a critical factor is its usability, how easily or comfortably
the device can be deployed, used, and maintained. For instance, for someone with
mild sleep apnea, a continuous positive airway pressure device may be so unwieldy
and interfere so much with sleep initially that its use will be discontinued. Another
factor that is not often considered (except perhaps by marketers) in acceptance is
the aesthetics of the device, including any stigma associated with its use.
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Obtrusiveness has been specifically identified as a potentially important factor in
home telehealth (Hensel, Demiris, & Courtney, 2006).

Given that a device has been purchased, how likely is the user to persist with its
use? One important factor is the user’s attitudes toward the device. Models such as
the theory of planned behavior (Ajzen & Fishbein, 1977) postulate that behavioral
intentions follow from attitudes toward the behavior, subjective norms about the
behavior (e.g., the opinions of family and friends), willingness to comply with those
norms, as well as beliefs about one’s ability to engage in the behavior (e.g., self-
efficacy: Bandura, 1982). So, assume that a senior has been given a diagnosis and
instruction on how to manage the disease process (e.g., for a chronic condition such
as adult-onset diabetes). How likely is it that the senior will persist with the sug-
gested routine? Of the factors in the Ajzen and Fishbein model, subjective norms
and self-efficacy seem likely to play the biggest roles. For instance, subjective
norms could be important in adhering to diet. If friends go along with the idea that
a diabetic can cheat a little on desserts, they may do so at the party. The assistive
device literature has identified both positive and negative factors in discontinuing
use of a device. A summary with minor changes can be seen in Table 3.1, reclassi-
fied by perceived usefulness, usability factors.

Gitlin (1995) outlined some of the factors that have been identified for discon-
tinuance by older adults. Factors include (1) improvement in the person’s capabili-
ties so that the device is unnecessary, (2) inability to use because the device depended
on another device that has been discontinued, (3) lack of knowledge of how to use
the device, (4) poor fit for the device to the user’s environment, and (5) the device
broke or was lost. For example, a complex telehealth device (such as videoconfer-
encing equipment) is likely to fall prey to inter-device dependence issues and lack
of knowledge problems. What the work on acceptance points out is that even if a
device is initially perceived as useful and usable, and can be obtained at a reason-
able cost, changing abilities and attitudes are potential barriers to incorporating
health technology into a daily routine.

3.6 Conclusions

The growth in the number of older people, especially those who represent the oldest
old, has vast implications for the healthcare system given the increased propensity
towards illness and disability with advancing age. As discussed throughout this
chapter, healthcare technologies hold promise in enhancing the ability of older
adults and their families to access needed healthcare information and services and
ultimately the ability of older people to live independently in the community. For
example, home-based monitoring technologies offer numerous opportunities for
increasing the safety, health and wellness, and social connectedness of older adults.
These technologies also offer many benefits to healthcare providers and family
caregivers. Internet-based health applications also provide opportunities for older
adults and family members to be more involved in health self-management and to
have greater access to resources and information and social support.
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Table 3.1 Positive and negative factors in assistive device discontinuance

Negative factors in discontinuance Positive factors in discontinuance
Usefulness Usefulness
Never used or installed Increased function makes it unnecessary
Seen as unnecessary Replaced by an alternative solution
Negative views of device Usability
Depression Replaced by personal assistance
Failure to acknowledge/accept disability Replaced by better equipment

Device selected without adequate consultation
Lost device
Usability
Decreased function makes it unusable
Device too difficult to use (size, weight,
energy consumption)
Unsafe to use
Poor aesthetics
Stigma
Overly complex instructions
Lengthy setup time
Malfunction or failure of device
Pain/discomfort in use
Maintenance cost
Device damages property
Wrong device obtained
Lack of sufficient training
Difficulty accessing device
Device requires personal assistance
Device depends on another device

Generally older people are receptive towards using these technologies especially
if use of these devices, systems, and applications increases their potential to remain
independent. However, as pointed out in our discussion, technology uptake is not
ubiquitous among older people. There are a number of existing barriers to wide-
spread adoption for current cohorts of older adults including large and diverse user
groups with varying needs and abilities, lack of knowledge about the potential ben-
efits of technology; low technology self-efficacy and anxiety; cost and accessibility;
training opportunities; and system design characteristics. Many older adults are
unaware of existing technologies, the benefits these technologies have to offer, and
how to access these devices and applications. Further, many people do not have
access to training and technical support and have some anxiety about their ability to
use and maintain technology systems. Other concerns are related to issues regarding
privacy, security, and reliability. Finally and importantly, system designers need to
be aware of existing design guidelines for older users and adopt a user-centered
design approach where older adults and family caregivers are actively involved in
the design process. Clearly there is a need for more research in this area to answer
questions regarding optimal system designs, training strategies, implementation
processes, and cost-effectiveness issues.
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Currently, the potential for technology to enhance the well-being and indepen-
dence of older adults is not being actualized. For the full potential of technology to
be realized for older adults and their families, the needs and abilities of older people
must be considered in the design of technology systems and the design of imple-
mentation and training strategies. Unless older adults have full access to these
healthcare technologies, they will be at an increased disadvantage in today’s
technology-oriented healthcare environment and the potential for age-related
healthcare disparities will be increased.
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Chapter 4
Assistive Technologies: Ethical Practice,
Ethical Research, and Quality of Life

Andrew Eccles, Leela Damodaran, Wendy Olphert,
Irene Hardill, and Mary Gilhooly

4.1 Introduction

Much has been written about the benefits—for example, greater independence,
autonomy, and dignity—which can derive from the use of assistive technologies with
older people (Loader, Hardey, & Keeble, 2009; McCreadie & Tinker, 2005; Pols &
Moser 2009). These benefits have been well researched, clearly expressed in the
literature, and remain uncontested here. Apart from benefits to individuals and car-
ers, assistive technologies can release funds for other applications, and where this is
in care settings funded through public expenditure, the cost savings that might arise
from their application may afford the opportunity for more effective targeting of
taxpayers’ resources. As the Audit Commission, the guardian of public expenditure
in the United Kingdom (UK) noted, the use of technology represents the unusual
possibility of providing cost savings at the same time as better service provision
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(Audit Commission, 2004). The merits then are evident. But there is a need also to
be alert to the ethical questions that arise as a concomitant to the use of new tech-
nologies and to address what Mort, Roberts, and Milligan (2009) have argued is an
“ethical and democratic deficit in this field which has arisen due to a proliferation in
research and development of advanced care technologies that has not been accom-
panied by sufficient consideration of their social context” (p. 85). This chapter will
raise these ethical issues, alight on the potential deficits, and highlight some of the
policy and practical issues that might warrant further inquiry. It does so by address-
ing three key areas. First, it considers ethical approaches commonly in use and their
limitations for application in the field of assistive technologies. Second, it explores
the ethical issues that arise around the design and execution of research with users
of assistive technologies. Third, it raises the question of whether or not assistive
technologies contribute to a better quality of life (QoL) for recipients, not least
because QoL is explicitly included as an intended policy outcome of the deployment
of such technologies (Scottish Government, 2009; Telecare Services Association,
2010). The chapter draws its examples primarily from the experience of the UK (and
its devolved polities), where the policy objectives of governments for extending the
use of assistive technologies are particularly ambitious. We are mindful of the meth-
odological pitfalls of cross-national applicability, but the discussion should have
broader resonance, as ethical approaches and practices come to terms with a techno-
logically fast-changing world. Our use of the term assistive technologies embraces
the definition of any item, piece of equipment, product, or system, whether acquired
commercially off the shelf, modified, or customized, that is used to increase, main-
tain, or improve the functional capabilities of individuals with disabilities
(Technology-Related Assistance for Individuals with Disabilities Act, 1988
P.L.100/407); more practicably, as Cowan and Turner Smith (cited in McCreadie &
Tinker, 2005) note, it refers to any device or system that allows an individual to
perform a task that they would otherwise be unable to do or increases the ease and
safety with which the task can be performed. We note in particular that some of the
more interesting ethical challenges have arrived with the advent of telecare sensor-
based technologies, which open up important issues around privacy, autonomy, and
the potential for replacement of human care through remote monitoring.

4.2 The Policy and Practice Context

The policy drive toward the use of assistive technologies, particularly for the care
and well-being of older people, has developed rapidly in recent years. In the United
Kingdom, since 2005, there have been government programs for telecare develop-
ment, with a similar program of telemedicine technologies being implemented in
the delivery of health care in the community. Telecare policy now sits at the strate-
gic heart of the delivery of care services. Care policy in the UK is a complex mix of
family input, use of the private sector, voluntary organizations, and the State (see
Phillips, 2007 for a useful overview). Of these, the State has long played the key
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role in health care provision and albeit in more complex ways in terms of funding,
a major role in social care. This role played by the State in the UK should also be
seen in the context of comparatively (certainly in European terms) low levels of
obligation placed on family members to take responsibility, either in a legal or cul-
tural sense, for their aging parents. Thus governments, straddled with costs but also
seeing opportunities for innovative forms of care for older people are pushing the
gerontechnology agenda. The telecare development program of the Scottish
Government (2008), for example, proposes that by the year 2015, “all new homes,
public and private, and all refurbished social housing, will be fitted with the capac-
ity for care and health services to be provided interactively via broadband from day
one of occupation (and) remote long term condition monitoring undertaken from
home will be the norm” (p. 6). This policy is explicitly linked to demographic
change and the rise in numbers of older people, particularly those over the age of 75,
relative to the population as a whole. The nexus between an older population that
may need care and a workforce able to provide this care and fund it through taxation
has been expressed as the dependency ratio (European Union Public Health
Information, 2009). A policy discourse has developed around this ratio, in which
major technology providers (e.g., Tunstall, 2009) note an impending demographic
time bomb, to the extent that this discourse readily assumes the necessity of techno-
logical solutions for future service delivery. This is contestable territory. To have an
explicit government policy objective that telecare services grow as quickly as pos-
sible (Scottish Government, 2008) indicates that the role to be played by these tech-
nologies is already beyond debate. But there are important ethical issues raised by
the increased use of assistive technologies which do indeed need the space to be
debated.

4.3 Ethical Frameworks

The ethical angle is often absent or of limited import in policy discussions around
increased use of assistive technologies. This might be explained by the fact that dif-
ferent professions engaging in human services already have ethical codes of prac-
tice (although the codes themselves are then open to interpretation). But are these
codes enough to deal with rapid and innovative technological change? A review of
the ethical frameworks currently employed by the various agencies engaged in the
provision of assistive technologies suggests they are limited in scope. This, in part,
reflects the practical reality that ethical frameworks have to be understood by prac-
titioners and their terminology has to resonate with the care assessment process
(Bouma, 2010). In the UK context, the practice of health and social care is addition-
ally molded by a broader canvas of managerialism and performance targets
(Meagher & Parton, 2004), factors which may sit awkwardly with the imprecision
and uncertainty that ethical questions pose. The key framework in widest use is
grounded in a biomedical approach and rests on four key principles: autonomy,
beneficence, non-maleficence, and justice (Beauchamp & Childress, 2001). These
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are profoundly important concepts, but they need to be tempered by a broader range
of ethical enquiry and contextual understanding, for example, the way in which they
will be understood across different cultural settings or different professions. Indeed,
the essentially medical nature of this approach may suit aspects of health technol-
ogy, for example, telemedicine, but sit more uneasily in social care contexts. The
biomedical approach usefully illuminates ethical issues about medical interventions
at specific junctures in people’s lives but the ongoing, and often shifting, needs of
individuals in domiciliary care require a more subtle ethical enquiry. For example,
what Wilmot (1997) calls the primacy of autonomy sits at the heart of much of the
assistive technologies agenda. Unpacking arguments around autonomy is rarely
straightforward, and the importance placed on autonomy may underplay the signifi-
cance of our interdependence with each other. Furthermore, the ASTRID frame-
work (Frisby, 2000), drafted primarily for dementia care, notes that greater
independence arising from autonomy might also bring with it greater isolation,
what Wilmot would term unwanted autonomy. While there is clear evidence that the
use of technology, not least communication technology and the development of
virtual communities, can actually alleviate isolation among older people (Blaschke,
Freddolino, & Mullen, 2009), where there is the potential for technology to increase
isolation there lies the concomitant risk of higher instances of depression (see Lowe,
2009). Although the notion of autonomy has a central place in discussions around
ethical practice, it takes on different meanings for different groups of people. For
example, in societies where there is a Confucian tradition, the full worth of being
autonomous is only recognized in relation to a more complex array of interdepen-
dence and reciprocities with others (Tao & Drover, 1997). Thus there needs to be
space in the consideration around the use of assistive technologies for their cultur-
ally sensitive application, especially given that the biomedical four principles that
underpin the ethical frameworks are in such common use. More evidence on how
these assessment decisions, balancing care, risk, and potential harm, are in fact cal-
culated in relation to assistive technologies is needed. As Hanson, Osipovic, and
Percival (2009) note in their study of the impact of sensor-based technology: “In
order to make ‘sense of sensors’ alongside the data provided by the devices, one
needs rich contextual information that is normally accumulated through social inter-
actions between caregivers and care receivers, a two-way communication process
that can best be described as a ‘dialogue of care’” (p. 111).

4.4 Alternative Ethical Approaches

The argument here is that the predominant ethical framework in use around the
implementation of, for example, telecare technologies serves an important but lim-
ited function. That it remains essentially a biomedical framework but is often
being used in the context of social care prompts the need for other sources of ethi-
cal enquiry. This does not necessarily mean that the already complex task of
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assessment for the use of assistive technologies should be subject to a further
accretion of ethical codes and guidelines, but a broader range of ethical thinking
should be an important part of policy formation and consideration of policy imple-
mentation around the role of assistive technologies in health and care services with
older people.

One such alternative ethical approach comes from the tradition of an ethic of
care (Tronto, 1994). This is particularly relevant to community-based health and
social care, where assistive technologies are at the forefront of new ways of deliv-
ering care services, as it is here that interaction between professionals and service
users may exist on relationships developed and sustained over a longer period than
in the acute medical settings that inform the biomedical approach. Barnes (2006)
notes the way in which social care workers often go beyond tasks to develop rela-
tionships over and above contractual obligations, relational approaches to care that
are contextual and not necessarily rule based nor uniform in application. Some
older people value independence highly and might regard being the recipient of
care inconvenient, at best, and indeed potentially demeaning. Others, for example,
people who are socially isolated after they have lost lifelong partners, might wel-
come human intervention. This relational aspect to care may thus be played out
quite differently in different settings. It may also, adversely, prompt reluctance by
social care professionals to engage with technology and its possibilities for the
recipients of care services. In emphasizing the importance of relationships in
human services, we need to guard against assumptions that technologically based
care is axiomatically inferior to care based on human relationships. As Pols and
Moser (2009) argue “in discussions about the use of new technologies in health
care, including the most recent versions appearing as telecare, there is the fear that
cold technologies will be implemented at the cost of warm human care” (p. 160).
However, they conclude from their research that “the opposition between cold
technology and warm care does not hold, but that there are different relations
between people and technologies within different use practices allowing different
affective and social relations” (p. 159). So, again, it is the specific context in which
decisions are made that is crucial. There is a risk in polarizing this discussion
around human delivery of care services and technological provision. Human care
services have historically been under fiscal pressure and have often denied recipi-
ents much real choice in delivery. Indeed recent evidence from the inquiry into
home care provision in the UK by the Equality and Human Rights Commission
paints a bleak picture of often impersonal, very time-limited, and inconsistent care
delivery in which the potential for relationships to develop between carers and
older people appears to be increasingly remote (Equality and Human Rights
Commission [EHCR], 2011). Holding this up as an inherently better model of care
delivery, when technology might enable some tasks to be undertaken more reliably,
is illogical. Of course many of the care tasks discussed in the EHCR report cannot
easily be replaced by technology; nonetheless, especially as fiscal pressures on care
delivery for older people increase, we should be wary of assuming that human care
services as currently configured are axiomatically somehow better. That said,
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where technologies can provide for care needs, they will be operating in a social
care agenda where greater choice is the new mantra; but if service users do not
want these technologies, is this a genuine choice which can be upheld at a time
when households are increasingly being equipped with connectivity as part of gov-
ernment strategy (Scottish Government, 2008) on meeting future health and social
care needs?

4.5 Remote Monitoring and Decision-Making

Further ethical issues arise beyond the immediate environment of technology use.
The remote monitoring of service users—for example, through monitoring using
home-based sensors—raises questions about the response to an alert in the control
center which oversees the monitored spaces. Straightforwardly, decisions on how
to triage alerts for intervention can be based on users’ existing medical histories;
thus, an alert from someone with a known heart condition might take priority over
other signals for help. Beyond this, we need to understand how judgments based
on responding to the demands of remote sensors are made. Intuitionism (Driver,
2007) offers up lines for reflection here. Human beings have intuitive responses to
right and wrong courses of action in the face of immediate human dilemmas that
are not based on calculation or recourse to abstract concepts. But are the care needs
of service users who are monitored remotely perceived in the same way as they
would be if there was immediate human involvement? Will decisions about a
course of action be different when the immediacy of care needs is filtered through
a process of remote monitoring and subsequent triaging? There is research from
the use of telemedicine (Finch, Mort, Mair, & May, 2008) which suggests that
human engagement involves sensitivity to user conditions that technology may not
pick up remotely. In the social care context, for example, the replacement of a brief
early morning visit by domiciliary carers with a remotely based telephone inquiry
about clients’ well-being might elicit the response from a service user that every-
thing is fine. Feeling fine might be a culturally influenced response of not wanting
to make a fuss rather than an accurate account of actual circumstances. However,
domiciliary carers on home visits may intuitively sense when a clients’ circum-
stances are not ideal, especially if they have developed a relationship with clients
over time. Thus do remote decision-making processes make a difference to the
quality of care and by what calculation do we maintain a supply of care workers
for periods when remote monitoring is insufficient to the task of addressing care
needs? These are particularly relevant issues in the context of older people, where
conditions of health may alter rapidly in a short space of time. Equally, how robust,
in the highly pressured world of service delivery, are the review processes that
ensure equipment is being used properly and is still fit for the purpose it held at the
time of installation?
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4.6 The Virtuous Practitioner

Such is the complexity of factors—risk, protection, and empowerment—that attend the
use of these technologies that frameworks of ethical practice in themselves may be
of limited practical use and the virfues associated with working in the field of human
services may have to come to the fore (Banks & Gallagher, 2009). This approach
would link awareness of ethical codes and frameworks (which, in practice, are vari-
ously interpreted and variously employed) to the essential virtuousness of practitio-
ners through their professional training and vocation, vocation being the underpinning
sense that an individual might have about why they feel suited and committed to the
work they do (see Cooper, 2012, for further discussion of this). Thus the difficulties
of interpreting contexts for the use of technology might be less problematic in the
presence of the virtuous practitioner, who might be expected to take the morally
sound course of action. This might prove more difficult when it comes to assistive
technologies, however, unless there is a highly developed common understanding of
what constitutes a virtuous approach in relation to the use of technology in care set-
tings. Equally, the increasingly fluid world of assessing for care needs across profes-
sional boundaries (where there may be different ethical codes, or at least
understanding of these codes) may mean that recourse to virtue per se by dint of
professional training or vocational calling is not a given. For example, in the UK, the
greater incidence of interprofessional working has seen the development of shared
assessment tools for the assessment of health and care needs. These assessment tools
now include sections for consideration of the use of assistive technology-based solu-
tions to these needs. The thrust of recent policy has been to assume that common
datasets are sufficiently straightforward to collect, such that inconsistencies across
professional disciplines will be minimal. However, research on shared assessment
(Eccles, 2008) has noted inconsistencies in assessment, for example, understanding
of consent, obtaining agreement from service users for information to be shared and
in the quality of the narrative element of assessment (which might explore the social
context in which technologies might be employed). The interest here, then, is in the
consistency of assessment that recommends the use of assistive technology.
Professional attitudes to care, ethical frameworks, and the use of these frameworks
and vested interests in maintaining the status quo all suggest inconsistency of
approach. This is not, in itself, surprising as the impact of professional domains has
long been recognized (Irvine, Kerridge, McPhee, & Freeman, 2002) but how assess-
ments are made and how older people have their care managed in the context of the
use of technology across these different domains would merit further enquiry.
Decision-making may well be virtuous, but consistency of understanding of what
constitutes virtue is open to question, as is just how virtuous decision-making can
be, not only across professions but in the wider context of a culture of different per-
formance indicators across these professions (Loader, 2005). As previously sug-
gested, there is a deficit around our knowledge of how ethical considerations play
out in the course of technology-based health and social care practice. The provision
of telecare technologies undoubtedly has the potential to offer significant benefits to
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individuals. However, the process through which informed consent to, for example,
monitoring and surveillance is gained routinely highlights the inadequacies of the
biomedical model in its neglect of social and behavioral aspects. Although emphasis
is given to gaining informed consent, there are few tools and techniques in use to
help people understand the far-reaching implications of surveillance (e.g., the fact
that complete strangers in remote control rooms may be observing the individual’s
behavior in his/her own home). The significant potential benefits offered by such
technologies are not in question, but the threat of radically changing the character of
the home from being a space which has been traditionally regarded as safe, secure,
and private (Twigg, 1999) does not appear to be acknowledged or evaluated in the
context of existing models of telecare delivery. As a consequence, and in the absence
of any alternative model of practice, the provision of information, meaningful expla-
nation, and opportunities for gaining understanding and learning about the implica-
tions of implementation of telecare technologies do not appear to be an essential part
of the process of gaining informed consent to the presence and use of telecare in the
home. Furthermore, it does not appear to be part of the contractual arrangements
between telecare/telehealth providers and customers (in the UK context), yet con-
sent forms are routinely signed by end users (often vulnerable older and disabled
people) without these issues being explained or discussed, nor without the opportu-
nity to develop understanding of the profound implications for their lives. Relatives
and or health/social care professionals generally advise or recommend accepting
provision of the equipment. In some cases, older people are given to understand that
if they decline such provision in their home, then the only alternative is to be put into
a care home. Thus ethical questions raised by the delivery of technology-based care
need to be acknowledged and debated, but the pressured world of policy making and
service delivery in health and social care for older people is one in which there is
unlikely to be time adequately to reflect on them.

4.7 Research on Assistive Technologies

We now turn to ethical issues that arise more specifically from research around the
use of assistive technologies with older people. We start by noting the inconsisten-
cies of approach in ethical considerations around assistive technology research in
UK universities before discussing research in the human—computer interaction
(HCI) design field in the higher education and commercial sectors and the telecare
delivery sector.

There continues to be a growth of interest and attention to research ethics inter-
nationally. In the UK, this came about in large measure as a result of the wider
impact of the Alder Hey inquiry that reported in 1999. The findings revealed by the
inquiry were that hospitals within the National Health Service (NHS) were retaining
patients’ organs without family consent. The inquiry was sparked by the death of
11-month-old Samantha Rickard, who died in 1992 while undergoing open-heart
surgery at Bristol Royal Infirmary. Questions about the quality of pediatric cardiac
surgery at Bristol led to a public inquiry. The inquiry learned about the large number
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of hearts held at the Alder Hey Children’s Hospital in Liverpool. An investigation
was opened in December 1999, and in January 2001, the official Alder Hey report
(also known as the Redfern report) was published. It had been found that the unethi-
cal and illegal stripping of every organ from every child who had had a postmortem
had been ordered by pathologist Dick van Velzen, while he was in post at the hospi-
tal. It was also found that over 104,000 organs, body parts and entire bodies of
fetuses, and still-born babies were stored in 210 NHS facilities in addition to
480,600 samples of tissue taken from dead patients (BBC News, 2001).

Although this inquiry was concerned with clinical research, its impact and rami-
fications have since been felt more generally across the social sciences. In 2010, the
UK Economic and Social Research Council (ESRC) produced a second ethics
framework that must be followed by researchers bidding for research funds (ESRC,
2010). This framework includes stipulations such as:

e Research staff and participants must normally be informed fully about the pur-
pose, methods, and intended possible uses of the research; what their participa-
tion in the research entails; and what risks, if any, are involved.

* Research participants must take part voluntarily, free from any coercion.

* Harm to research participants must be avoided in all instances.

The importance given by research councils who provide funding is clear thus, for
example, the ESRC (2010) notes:

Breaches of good ethics practice ... could result in the immediate suspension of the indi-
vidual project and other projects based at or under the co-ordination of the contracting
institution, and a halt to the consideration of further applications from that institution (p. 4).

Other reasons for the heightened interest amongst social scientists of ethical con-
cerns, particularly regarding research involving older people, may include fear of
litigation in the event of negative consequences, growing concern about the scale of
care provision required for older people, and the associated drive to implement
telecare technologies as a response.

In line with this growth of interest and attention to research ethics internationally
(UNESCO-CEPES, 2004) and in the wake of the Research Assessment Exercise
(RAE) of 2005 in the UK, Higher Education institutions established Research
Ethics Committees (RECs). All proposals for research involving people now have
to be approved by the REC of the researcher’s institution prior to data collection
and/or fieldwork commencing. However, as will be seen, the many ethical frame-
works that have evolved in higher education institutions are diverse in the approach
they take and in the underpinning principles they reflect.

4.8 Older People’s Participation in Research

The ethos regarding the participation of older people in research has changed over
the past decade from one where they are regarded primarily as subjects, required
to provide data for research, to a far more inclusive approach where they are seen
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as research participants. This change has brought with it the growing recognition
among some of the research community that the needs and characteristics of older
participants in research are deserving of respect and due consideration. It might
reasonably be expected that the increased emphasis given over the past decade to
the formulation of ethical frameworks and procedures would reflect this concern to
safeguard and promote the physical and psychological well-being and dignity of
these participants. Recent research (Sus-IT Project, 2010) into the ethical frame-
works of a sample of eight UK higher education institutions sheds light on this. It
should be emphasized that the documentation scrutinized may not have been the
primary ethical policy/procedure documentation available from these institutions,
but nevertheless, it was the documentation that participants were aware of and
considered most relevant to their work. The documentation was examined for text
on four key considerations each of which was considered essential for the ethical
engagement of older people in research and informed by long experience of sev-
eral of the investigators, established expertise of colleagues at the University of
Dundee and by key literature (ESRC, 2010; The Belmont Report, 1979; The
British Psychological Society, 2009; The Nuremberg Code, 1949). These four
principles were:

1. The risk of harm: significant psychological or emotional distress to participants

2. Maximizing benefit (principle of beneficence)

3. Principle of respect for persons, that is, acknowledgement of the dignity of
individuals

4. Special consideration of older people in research practices, procedures, and
methods

How were these principles used in conducting research in the UK universities
under consideration? Drawing on the first category, the attempt to minimize risk to
research participants, it appears to be standard practice for participants to be risk
assessed in terms of their physical and mental health prior to participating in any
research study. The ethical procedures did in most cases explicitly state that any
risks that may arise during the study must be explained to participants prior to the
study. The ethical framework documentation varied, with only two institutions giv-
ing brief instructions regarding how to complete an ethical research protocol. Some
ethical framework documentation also mentions the risk that the researcher can
pose to the participants. The framework supplied by one university specifies that it
is necessary for the researcher to undergo Criminal Records Bureau checks and
reference checks prior to consent being given for them to conduct research. The
second key consideration, the principle of beneficence, was not mentioned in five of
the eight sets of ethical framework documentation. The third key consideration,
respect and dignity, did not feature in four out of the eight ethical frameworks exam-
ined. The fourth key consideration, explicit consideration of the needs and charac-
teristics of older people, was found in only three of the eight sets of ethical
documentation received. One institution clearly states that people over 65 years of
age are, by definition, vulnerable, but what is meant by vulnerable groups can vary
from university to university, and it is not always apparent whether or not older
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people are automatically considered to be in this category. This is relevant because
ethical procedures for dealing with vulnerable people are more demanding. Thus for
all the extra layers of ethical safeguards imported into the research process in recent
years, there remain significant variations in how research with older people is scru-
tinized in its ethical dimension.

4.9 Research in the Human—-Computer Interaction Design
Field: Higher Education and Commercial Sectors

The significant changes in the social, legal, demographic, and economic landscape
over the past 15 years present considerable opportunities for the human—computer
interaction (HCI) design community to better support people who previously were
underrepresented in and consequently whose needs were insufficiently considered
in technology design (Newell & Gregor, 2002). There are, however, specific issues
around the participation of older people in research, particularly when technology is
also involved. These range from effective choice and application of research meth-
ods to dealing with discovery of potentially sensitive data and situations involving
participants. HCI research rarely reflects demographic reality. Twenty percent of the
population in the developed world is over age 60, yet most HCI research is focused
on younger people, often university or college students. Rather than representing
the population as it actually is, much experimental HCI research is skewed heavily
toward the characteristics (and attitudes) of the highly educated young (Dickinson
& Gregor, 2006). Equally, not all HCI methods are suitable for use in contexts
involving older people as participants, given that older people have an extremely
wide range of characteristics and impairments compared to other age groups of
participants. Older people are a heterogeneous group. They vary widely in their
ages and lifestyles and in their levels of education, independence, and income. They
also vary in their range of physical and cognitive abilities (skills). Conducting
research with older people gives rise to many challenges. For instance, challenges
may arise as a result of individuals’ visual impairment, auditory impairment, cogni-
tive changes, and mobility difficulties. Indeed, individuals may be affected by one
problem or a combination of several which may increase over time. A user-centered
design approach may recognize diversity in characteristics between user groups, but
may be less focused on identifying diversity within groups, and particularly so for
older people, diversity within an individual’s capabilities over the short and long
term. The effects of aging will be manifest at different rates relative to one another
for each individual. This pattern of capabilities varies widely between individuals
and, as people grow older, the variability increases (Myatt, Essa, & Rogers, 2000).
In addition, any given individual’s capabilities vary in the short term due to a variety
of causes including illness, blood sugar levels, and just plain tiredness.

Aging is associated with specific changes in characteristics such as visual and
auditory perception, fine motor control and some aspects of memory and cognition
(see Hawthorn, 2000 for an overview). While many of these changes are only
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apparent in psychological tests, some can influence participants’ ability to read or
hear experimental instructions, use a mouse, or remember steps through an inter-
face. The cultural and experiential gap can be particularly pronounced when involv-
ing older people in the development of new technology (Eisma et al., 2003; Malik,
Alistair, & Edwards, 2008). Conversely, superior social skills can mean that older
participants may be more likely to involve the facilitator in the task (Dickinson &
Gregor, 2006). This collection of phenomena presents a fundamental problem for
the designers of interfaces to computing systems, whether they be generic systems
for use by all ages, or specific systems to compensate for loss of function (Zajicek,
2004), but also has more general implications for researchers involving older people
in their research. Age-related capability change has implications for research
method selection and design. A lack of familiarity among researchers and designers
working with older people can often mean there is a lack of sensitivity in the way in
which research with older people is conducted. Although there are data to show that
older people can be successfully recruited into beneficial health promotion pro-
grams, it is often challenging. In planning health promotion studies, investigators
need to be aware of the numbers of older people they may need to screen and differ-
ent strategies for increasing recruitment success.

There are some key characteristics of older people which need to be reflected in
the conduct of research in which their participation is sought, and hence user research
methods involving older people should be carefully chosen so as to ensure partici-
pants are treated in an ethically sound manner while also maximizing the quality and
fidelity of data gathered. Dickinson, Arnott, and Prior (2007) provide some valuable
advice, based on personal experience, of conducting HCI research with older people
in an ethically and experimentally sound manner, covering selection of appropriate
research methods, recruitment, research location, and management of participants
before, during, and after the research activity. It is also important to consider user
involvement. Lack of user involvement is one of the factors that have been found to
lead to abandonment of traditional assistive technologies (Damodaran, Olphert, &
Hardill, 2010). An important component of older people’s participation and engage-
ment in the design process is decision-making, and its implementation requires the
adoption of a participatory approach to socio-technical design. Therefore, older peo-
ple who are the main intended beneficiaries of specific digital assistive technologies
should be able to participate in decision-making not only concerning the technical
aspects and system features but also in relation to the policies that affect the delivery
and availability of the digital assistive technology (Olphert, Damodaran, Balatsoukas,
& Parkinson, 2009). Research, including innovative work on the Sus-IT project has
demonstrated the enthusiasm and ability of some older people to participate in code-
sign activities and to shape design and policy decisions.

Related to the issue of dynamic diversity and age-related capability change, and
the implications on research methods used, is the ethical issue of how this can be
accommodated in information and communication technology (ICT) and other
product design in a way that allows objective research involving older people.
Pairing individuals who have accessibility needs with the assistive technology most
appropriate to these needs is a particular issue. Aside from any economic difficulties
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in procuring and using a particular assistive technologies, there is a fundamental
issue of awareness. It is assumed that an ICT user with a severe, congenital disabil-
ity is likely to be fully aware of the assistive technologies they need and has had
appropriate support in procuring, installing, and learning to use this technology.
However, the obscurity of assistive technologies, and an unwillingness to recognize
and address an accessibility need, mean this is less likely to be the case for someone
whose visual acuity, dexterity, and short-term memory has gradually declined over
many years. The visibility issue is a paradox, given that accessibility features of an
ICT can benefit more than people who might be covered by conventional definitions
of disabled (Forrester Research & Microsoft Corporation, 2003). Dynamic diver-
sity, the unexpected variations over time in an individual’s visual, motor, and cogni-
tive capability (Gregor, Newell, & Zajicek, 2002), has been recognized as a key
complication in supporting more efficient HCI, and this is most acutely present
when considering the unpredictable impact of the aging process on capability. One
approach to accommodating the dynamic nature of human capability and the affects
it can have in performance with respect to ICT use is to combine user profiling with
adaptive interfaces (Gajos, Wobbrock, & Weld, 2007; Sloan, Atkinson, Machin, &
Li, 2010). Monitoring user activity and making minor adaptations to system behav-
ior, for example, by giving added prominence to recently or regularly used docu-
ments or applications, is a common approach to improving usability, and extending
this approach has clear potential for enhancing accessibility.

The ethical challenge to supporting inclusion, through user profiling and adapta-
tion, centers around the capture, storage, and analysis of performance-related data.
In a system where regular capability measurements are taken while an individual is
using the system, either through automated or semiautomated means, and minor
adjustments are made (see Sloan et al., 2010), the altruistic motivation is to allow an
existing ICT user to continue to use their ICT independently and successfully and to
minimize the chance of age-related capability decline leading to technology aban-
donment. The technical quality of such a system is dependent on the accuracy of
capability measurement made and the success of the reasoning process undertaken
to apply an appropriate solution to accommodate an identified capability change; in
other words, the system should correctly identify the capability change experienced
and apply the best possible solution to ameliorate any negative effects of such
change. The result should be a series of fine-grained adjustments that are effectively
imperceptible to the user, allowing them to continue to interact with their ICT with-
out significant loss in productivity or enjoyment. An example of such fine-grained
change is the system identifying that the user is now having difficulty reading small
text sizes and accommodating such difficulties by enlarging the text across the sys-
tem. Gathering and storing performance-related information in this way has impli-
cations, however, particularly given that the data gathered may illustrate an
individual’s changing capabilities over time—most likely to be a reduction in capa-
bility. Further, there is a possibility that regularly sampled capability data may point
to an underlying medical condition. To what extent should a system designed to
optimize a user’s interaction with an ICT deal with data of medical significance?
How can a system minimize the negative implications on personal sense of
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well-being of an individual reviewing data showing their personal capability decline
over time? In a study by Sloan et al. (2010), older participants did not raise signifi-
cant concerns regarding the implications of the data being gathered by the profiling
and adaptation system. But longer-term exploration of the impact on personal sense
of well-being is an essential aspect of the evaluation of any such system. Possible
approaches to addressing the ethical implications of these questions might include:

1. Seeking informed consent after their first use of a capability monitoring and
adaptation system
2. Seeking approval for every adjustment made based on a capability measurement,
although depending on the frequency of interruptions, this approach may have
negative implications on productivity
. Secure and anonymous storage of profile information
4. Presentation of profile information in a way that minimizes misinterpretation by
the individual concerned or any other approved viewer
5. Limiting capability measurements to those that directly map to an accessibility
adjustment supported by the host system

(O8]

The first step in this process is to identify the potential implications of a system
aimed at sustaining independent access by people with accessibility needs and con-
sider carefully the data to be collected, in terms of nature, analysis, and storage.

There is thus a need for a paradigm shift from current ICT design approaches that
focus on technical aspects of system design (e.g., based upon a waterfall model) and
that would engage older people at specific stages of the design process, such as
usability evaluation or task-requirements analysis, to a socio-technical approach
that values human participation throughout the design process and elaborates on the
dynamics of older people’s needs across time. Socio-technical theory approaches
technology as a complex system, where technical elements interact with social and
organizational aspects of the system. Thus, the social or organizational context can
influence the development and implementation of technology. Older people should
be an integral component of the socio-technical system, and their role within it
should be extended from merely participating in the evaluation of assistive tech-
nologies to decision-making, learning, and knowledge sharing as well as communi-
cating their beliefs, aspirations, and expectations about these technologies to other
groups of stakeholders (Olphert et al., 2009).

4.10 Assistive Technologies and Quality of Life

As noted at the outset of this chapter, there is an assumption in the UK that increased
deployment of assistive technologies with older people can positively impact on
QoL. The term is employed explicitly, for example, in government policy documents
and in research papers on telecare provision. The final section of this chapter exam-
ines this assumption. The idea of QoL as an ethical issue emerged with Aristotle in



4 Assistive Technologies: Ethical Practice, Ethical Research, and Quality of Life 61

his Nicomachean Ethics, which argued that the study of ethics was essentially about
the (in Aristotle’s case, virtuous) pursuit of human well-being and in finding ways
to improve people’s lives. Thus, the policy documents that espouse a QoL connec-
tion are broaching a deeply ethical question. Thus broached, we now ask in what
way, if at all and if measurable, might assistive technologies actually impact on
QoL? Unless we can be clear about the criteria that underpin QoL measurement
itself, and how assistive technologies might connect to this, the claim that the use of
assistive technologies can enhance it is a bold one, as although the term quality of
life pervades discussion of health and social policy, there is little consensus on what
the term means, how best to measure it, and how best to increase it at an individual
and national level. Here, we explore definitional and measurement challenges asso-
ciated with QoL, and reflect on research about the role of assistive technologies in
QoL in old age.

Research on QoL began in the first half of the twentieth century and was aimed
at measuring population well-being, with measures such as gross domestic product
per capita considered to be aspects of life quality. However in the 1960s, there was
a shift to much broader indicators and the inclusion of QoL as a characteristic of
persons as well as national prosperity (Rapley, 2003). In tandem with this, there
was greater acceptance of the role of government in actively shaping societal struc-
tures for the greater good. A second phenomenon occurring in the 1960s was an
increase in the number of expensive medical treatments for a variety of diseases
and chronic conditions. Many of these treatments could not cure. Questions began
to be asked not only about how these interventions could be evaluated but how cost-
effective they might be. The late 1960s saw the introduction of the quality-adjusted
life year movement in medicine, and while it was accepted that many treatments
could not cure, they could perhaps be shown to increase patients’ QoL. The find-
ings from early studies were, however, paradoxical. Study after study found that
people in poor living conditions reported high life satisfaction and people with
serious disabilities reported a high QoL. Moreover, increasing wealth across the
world was not increasing perceptions of increased QoL, except amongst the very
poor. It was clear that social comparisons and aspirations were influencing percep-
tions of QoL. The many instances of the satisfaction paradox and the disability
paradox led to programs of research to delineate the domains of QoL. One of the
biggest and most expensive of these was the World Health Organization’s (WHO)
Quality of Life Project that was initiated in 1991. This project identified the follow-
ing broad domains: physical health, psychological health, social relationships, and
environment (WHO, 1993). The scales developed within the WHO project were
designed to consider the context of the culture and value systems of those who
were rating, as well as personal goals, standards, and concerns. Other research
projects have found similar domains, for example, Nazroo, Bajekal, Blane, Grewal,
and Lewis (2003) revealed six factors influencing QoL at older ages: having a role,
support networks, income and wealth, health, having time, and independence.
These attempts to determine the domains of QoL result in, or are a consequence of,
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a confounding of predictors and domains. Researchers often determine the domains
from findings about predictors; only a few have started with a theoretical perspec-
tive. Blane, Wiggins, Higgs, and Hyde (2002) are among the few that have; their
QoL measure was based on the theory of needs satisfaction and included the
domains of control, autonomy, self-realization, and pleasure. Broadening the scope
of the term QoL to include a number of domains has left us with a slippery, com-
plex concept which is now used to describe everything (Rapley, 2003), but which
has no agreed definition. With no agreed definition, there can be no agreed method
of measurement.

Given the difficulties in defining and measuring QoL, it is not surprising that it
has been challenging to find research evidence that assistive technologies enhance
QoL. Compounding the definitional and measurement problems is the wide range
of assistive technology available and the poor quality of many of the studies that
have been conducted. For example, in a recent review of the literature on environ-
mental control systems and smart home technologies, Brandt, Samuelsson,
Toytari, and Salminen (2010) found 1,739 studies, but only five effect studies and
six descriptive studies met their criteria for selection. Of these 11 studies, only one
examined QoL, and it was not a study of older people. Dickinson and Gregor
(2006) published a critique of the value of personal computers to older people’s
QoL and well-being in which they concluded that computer use appears not to
lead to improved well-being. As was the case with the review by Brandt et al.
(2010), they found few studies to review, and those that were available had many
weaknesses. Dickinson and Gregor (2006) also examined how the authors of sec-
ondary papers cited the findings and the extent to which they offered a sound cri-
tique. What was particularly interesting was that many authors citing the original
studies suggested that computers had indeed made a positive impact, when in fact
the original studies could not or did not support such claims. A literature review
by Ridley and Young (2005) examined the effectiveness of e-health implementa-
tion in the care of elderly people. The review identified 647 primary articles, and
66 met the review criteria. Most of the studies focused on teleconferencing for
particular health conditions. Ridley and Young concluded that there was sufficient
evidence that these technologies had positive outcomes. QoL was not actually
measured in most of these studies. Instead, the impact on QoL could only be
inferred from outcomes such as patient control, psychological support, greater
functional independence, reduced accident and emergency admissions, reduced
levels of depression, and reduced need for patient travel. The small numbers in
most of the studies reviewed, however, limited the impact of the studies. Studies
on the impact of telemedicine on the health and QoL of older adults were reviewed
by Jennett et al. (2003), who concluded that telemedicine can improve the QoL
and health of older people. However, a large number of telemedicine initiatives
have failed because they have been set up in isolation and without thought as to
their cost-effectiveness (Macduff, West, & Harvey, 2001), let alone their impact
on QoL.



4 Assistive Technologies: Ethical Practice, Ethical Research, and Quality of Life 63

4.11 Why Assistive Technologies Are Unlikely to Influence
Quality of Life Ratings

There are a number of ways of looking at the research findings on the impact of
assistive technologies (ATs) on QoL ratings. It could be, particularly in the face of
so little evidence, that ATs correlate positively with QoL ratings:

¢ ATs might have specific effects but not general effects.

¢ ATs do not influence QoL.

¢ QoL is a meaningless concept, and hence, it is nonsensical to assess the impact
of ATs on QoL.

Each of these hypotheses will now be considered in turn. It could be that ATs
have specific effects, and indeed, there is some evidence to support this view.
Alternatively, it could be that the current QoL measures are simply too remote,
blunt, and multifactorial to be affected by ATs. It could also be that a high QoL
brings about an interest in and use of ATs. This is certainly likely to be the case with
personal computer use. In all correlational research, we must be vigilant not to read
the correlation in only one direction. There is also a need to explore ways in which
a technological divide may exist between older people who are familiar and com-
fortable with technology and those who are reluctant to embrace it or find it harder
to access. Technology might lower QoL for the latter. Returning to the previously
discussed telecare development agenda in the UK, we can note the presumption in
the policy that telecare will enhance older people’s lives. But exploratory research
across different geographical areas of telecare implementation suggests a varied
picture of the willingness by older people to engage with technology, a key element
here being prior exposure (e.g., in the workplace) (Eccles, 2010). It should also be
noted that health, wealth, and social relations consistently emerge as factors that
predict ratings on QoL scales. Young people without chronic health problems have
been found to be somewhat less likely to rate health as a prime determinant of QoL.
For older people, however, poor health accounts for a high proportion of variance.
Given that age is the main risk factor for almost all illness, aging without experienc-
ing poor health is rare (Manton, 1989; Wood & Bain, 2001). Thus, while the expo-
nential rise in disease incidence indicates a greater need for ATs in old age, the
impact of poor health may be so great, and account for such a high proportion of the
variance in QoL ratings, that it becomes almost impossible (statistically) for ATs to
make an impact on QoL ratings.

In addition, as people age, social relations (particularly those with family mem-
bers) become very important. As people become frail and in need of family support,
social relations may suffer or become problematic. It is now fairly well established
that negative social relations have a greater impact on psychological well-being
than positive relations. Older people want to be independent and may resent offers
of help from adult children. Older people are frequently embarrassed at having to
ask for help. Another interesting possibility is that happiness and/or QoL is a
dispositional characteristic (Costa & McCrae, 1980; Costa, McCrae, & Zonderman,
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1987) that is not only stable across the life span but may be biologically determined
(Diener, 2000). Returning to the ethical issue—if QoL has no agreed definition, and
there are serious measurement issues, is it sensible, or indeed ethical, to view
improved QoL as an outcome of policy interventions involving ATs? As Rapley
(2003) notes, to use the QoL construct to gauge the success of ATs when QoL is
viewed as an individualized aspect of the modern psyche is paradoxical. If QoL is
individualized how can a case be made to assess it in the same way for everyone?
We suggest a more nuanced enquiry might be: What are the predictors of QoL, and
how might ATs connect to these?

4.12 Conclusion

This chapter has raised a number of issues around ethical research and ethical prac-
tice in the design and application of gerontechnology. As in any field where there is
rapid technological development with an application to human services, there is the
potential for ethical issues to arise that could not easily have been anticipated and
for the limitations of existing approaches to ethical codes to be exposed. This in
itself is not problematic. The issue is how this can be addressed, particularly when
technological advances continue apace, not least through the agendas pursued by
equipment manufacturers, but where ethical enquiry remains a less mainstream pur-
suit. We note evidence of the profound impact that gerontechnology can have in
improving some people’s lives. We note also the concern that where its uptake is
stymied by poor awareness, or adherence to long established ways of working in the
field of social care, this in itself may pose an ethical problem, as it means that older
people might not be gaining these advantages. We argue, furthermore, that there is
a risk of creating a false dichotomy between technology-based care and human
care, as if one is inherently superior to the other. Context is important here, and
independence is highly prized and may be impinged upon by reliance on carers, the
inconvenience of care organizations’ schedules, or the inability to age in situ.
Assistive technologies clearly confer benefit here. This said, we note a number of
areas where, drawing on our experience primarily of the situation in the UK, we
suggest that there are deficits and potential problems in ethical engagement. These
are fourfold. First, there is a need for more phenomenological research into how
people experience the use of technology. We note the proliferation of ethics com-
mittees involved in the research process but a concomitant weakness with their
understanding of some aspects of qualitative research, and we note also the appar-
ent risk-averse nature of ethical approval in some universities, where older people
may automatically be classed as vulnerable participants. Second, we have raised the
concern that technological solutions represent too much of an ideal fix for the twin
policy challenges of demographic change and rising costs of elder care. A powerful
discourse has developed here, evidenced particularly in the literature of leading AT
corporations and in policy forums of social care budget holders, where the potential
offered by these technologies becomes subsumed by assumptions of their necessity.
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We believe, drawing on the UK context, policy on the introduction of care technolo-
gies to be ill-served by the performance indicator regimes put in place by govern-
ment which may encourage an emphasis on rapid expansion of deployment at the
expense of suitability and context. An additional factor here is the often rapid
change in the circumstances of older people and the need for personnel to oversee
regular review of the suitability of technologies that have been installed. Third, we
believe the ethical frameworks employed by agencies that carry out assessments for
older people to be limited. There is a balance to be struck here between ethical
codes that are overly complex but are nonetheless fit for purpose. That notwith-
standing, the biomedical parameters predominantly in use lack sophistication in
their application to the complexities of long-term care conditions and additional
ethical enquiry based on, for example, more relational approaches would be worth
exploring. The ethical issues here are compounded by the increasing moves toward
interprofessional working, where similar tasks may be carried out by one of a num-
ber of agencies, each with their own particular codes of professional inquiry. Fourth,
we note the explicit connection in government policy documents between the
deployment of ATs and enhanced QoL. There are important issues raised here, not
least equity of access to technology and assumptions that technology use will be
equally well embraced, or readily useable, by older people. Equally, measuring
QoL indicators and connecting these to specific technological interventions is
fraught with methodological complexities. We would thus urge caution in the way
that this term is employed. There is certainly evidence that some people in some
circumstances enjoy better lives through the use of assistive technologies. To make
broader claims on this issue at this stage risks the ethical deficit of foreclosing fur-
ther critical enquiry and reflection.
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Chapter 5
Expanding the Technology Safety Envelope
for Older Adults to Include Disaster Resilience

Maggie Gibson, Gloria Gutman, Sandra Hirst, Kelly Fitzgerald,
Rory Fisher, and Robert Roush

5.1 Introduction

The concept of resilience is central to understanding how technology might have a
role to play in reducing the disproportionate vulnerability of older adults in natural
and human-made disasters. Resilience has been defined in various ways by differ-
ent theorists and researchers, but the common thread is the idea of adaptive capacity
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and the ability to recover from adversity (Norris, Stevens, Pfefferbaum, Wyche, &
Pfefferbaum, 2008). Resilience is not simply a personality style or a characteristic
of individuals but a product of the interplay among various determinants of popula-
tion health: income and social status, social support, education, employment, social
and physical environments, health practices and coping skills, developmental fac-
tors, biological and genetic endowment, health services, gender, and culture (Public
Health Agency of Canada [PHAC], 2003). Disasters are large-scale disturbances or
sources of adversity that tax the resilience not only of individuals but of whole com-
munities and broader societies. All members of a population can be at risk depend-
ing on the nature of the crisis. As would be expected given the multiple interacting
determinants that come into play, the pathways from risk vulnerability to disaster
resilience are complex (International Federation of Red Cross and Red Crescent
Societies [IFRC], 2004). Similar to other population health challenges, the avail-
ability of appropriate resources, effectively implemented, is likely to contribute to
more desirable outcomes for individuals and groups who are responding to and
attempting to recover from disasters (Lindsay, 2003). Disaster resilience is increas-
ingly in the public eye as the number of catastrophic natural and human-made
events continues to rise. This chapter examines the potential for technology to pro-
mote disaster resilience among older adults. They are a population subgroup with
increased vulnerability in emergencies not because of age per se, but because they
are more likely to live with a constellation of risk factors for increased vulnerabil-
ity, including health problems, dependence on healthcare and social services, lower
socioeconomic status, and restricted social networks. In addition, with increasing
age, higher proportions of older adults are women, a population subgroup with
heightened vulnerability across the life course (Powell, 2009).

Research shows that older adults are given low priority and little attention before,
during, and after disasters (HelpAge International, 2000), despite experiencing dis-
proportionate risk for morbidity and mortality. The neglect of older adults’ unique
concerns is thought to be systematic and discriminatory (IFRC, 2007). The consen-
sus from two international workshops on seniors and emergency preparedness con-
vened by the Public Health Agency of Canada was that there was a critical need to
ensure older adults are included in all aspects of emergency management (PHAC,
2008a, 2008b). Similar conclusions have been expressed in publications by AARP
(Gibson & Hayunga, 2006), the World Health Organization (WHO) (Hutton, 2008;
WHO, 2008), and the IASC (2008). The gaps identified in this literature are far
reaching and include lack of consideration of older adults’ vulnerabilities such as
their ease of access to healthcare and social services, economic subsidies and incen-
tives, and transportation. We argue that there is a role for technology in bridging
some of the gaps.

At the same time, it should be noted that there is also insufficient attention given
to the contributions that older adults can make to their families and communities in
disaster situations. For example, in Older People in Disasters and Humanitarian
Crises: Guidelines for Best Practice, HelpAge International (2000) notes that
“Older people play valuable roles as carers and resource managers, while the
knowledge they hold—of traditional survival systems, appropriate technologies,
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and alternative medicines—can be central to the development of community coping
strategies in and after crises” (p. 12). Older adults’ experience and their willingness
to participate in emergency response and recovery activities represent largely
untapped resources in both traditional and more industrialized societies. In industri-
alized societies in particular, there is potential for the increasingly tech-savvy older
generation to contribute to disaster resilience through participation in research and
knowledge translation that focuses on the applications of technology to emergency
management challenges.

To set the stage for discussion of the role of technology in building and facilitat-
ing disaster resilience among older adults, we begin by describing the four phases
of the emergency management cycle and the risk factors that contribute to increased
vulnerability for older adults. Our analysis is framed within the emergency manage-
ment cycle to highlight the potential for technological solutions to contribute to the
resolution of practical problems that disproportionately impact older members of
the population, and thereby to increase the likelihood that they will survive a disas-
ter and recover in its aftermath.

The technologies we consider include tracking and mapping systems, intelligent
building systems, medical and assistive devices, communication and notification
systems, needs assessment strategies, medical support strategies, security strategies,
and reconstruction strategies. The chapter closes with a discussion of factors that
may influence the acceptance, uptake, and application of technology in building
disaster resilience in aging individuals and the systems that they rely on for support
and protection.

5.2 The Emergency Management Cycle

The four phases of the emergency management cycle are prevention/mitigation,
preparedness, response, and recovery (WHO, 2008). Prevention and mitigation
entail proactive measures taken before an emergency situation occurs in the inter-
ests of eliminating or reducing the potential impacts and risks. Preparedness refers
to actions taken to become ready to respond to an emergency situation if and when
one occurs. Prevention, mitigation, and preparedness activities target risk reduc-
tion (WHO, 2007). Response refers to the actions that are taken during and imme-
diately after an emergency situation in order to manage the consequences, and in
particular to limit harm and loss, including loss of life. Recovery involves efforts
to repair or restore conditions to an acceptable level through measures taken after
a disaster.

Although it is useful to conceptualize emergency management within these four
phases for planning purposes, in actual crises, there is significant overlap. For
example, in a large-scale flood, different communities, discrete households within
communities, and individuals within those households may be at very different
stages of action. Some communities, households, and individuals will be well pre-
pared, have ample resources and strong social supports, and be able to move
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relatively quickly from response to recovery, while others may be scrambling to
prepare as the flood waters rise and/or be lost in bureaucracy when the window of
opportunity for restoration support is open. Gaps in emergency management can
contribute to a hazardous situation becoming a disaster involving widespread injury,
property damage, and death.

5.3 Vulnerability Risk Factors for Older Adults

Internationally, there is mounting evidence that older adults are at increased risk for
morbidity and mortality in emergency situations (Barney & Roush, 2009). For
example, the WHO (2008) reports that the highest age-specific death rates in Aceh,
Indonesia, that resulted from the 2004 Indian Ocean tsunami were among persons
aged 60-69 (22.6 %) and 70 and over (28.1 %). The European heat wave of 2003
caused 14,800 deaths in France alone, and it was older adults who had the highest
mortality (Kosatsky, 2005). Almost three quarters of the deaths from Hurricane
Katrina in the United States in 2005 were in those aged 60 and older (Gibson &
Hayunga, 2006). Physical and medical issues that increase the vulnerability of older
adults include mobility limitations, changes in thermoregulation ability, and chronic
disease. Impaired mobility reduces physical capacity to take evasive and defensive
action, such as evacuating a high-rise building using stairs (Shields, Boyce, &
McConnell, 2009). Age-related changes in thermoregulation place the older adult at
risk of either hyperthermia or hypothermia, although few die from these causes
(Goodwin, 2007). In fact, the major causes of death during cold weather are respira-
tory (e.g., chronic obstructive pulmonary disease, bronchitis) and thrombotic ill-
nesses (e.g., myocardial infarction, stroke). Relatively minor exposure to cold in
daily life increases hypertension and hemoconcentration (Donaldson, Robinson, &
Allaway, 1997). This may explain why deaths from arterial disease are more preva-
lent in the northern hemisphere in winter. Impaired cardiovascular reflexes are also
implicated in hot weather-related mortality. The risk here however is lowered blood
pressure.

Many older adults have chronic diseases such as pulmonary and cardiovascular
disease that require ongoing treatment. In 2009, nearly a quarter of Canadian seniors
(23 %) indicated that they had some form of heart disease (PHAC, 2010). Coronary
artery disease leads to angina and myocardial ischemia, causing decreased physical
endurance. Hypertension, cardiac arrhythmias, and congestive heart failure are also
common, causing reduced physical activity and fatigue. Cerebrovascular disease
can lead to stroke, resulting in residual deficits and weaknesses that may require the
use of mobility aids such as canes, walkers, and wheelchairs and/or the assistance
of others to maintain independence.

Osteoarthritis, affecting an estimated 85 % of persons aged 75 and older (PHAC,
2010), causes pain, limits mobility, and is a risk factor for falls. Osteoporosis, which
leads to loss of bone mass and an increased risk of fractures, is also common in the
older population, affecting an estimated 65 % of women and 6 % of men aged 65
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and over. Many older adults also have vision and hearing impairments that can
compromise their ability to respond to danger.

Dementia and frailty are specific risk factors for heightened vulnerability.
Dementia is the name given to a group of progressive neurological diseases that
slowly destroy memory and reasoning, erode independence, and eventually take
life. Alzheimer’s disease is the most well-known and common form of dementia
(Alzheimer Society of Canada, 2010). Impaired cognition resulting from dementia
reduces decision-making and follow-through capacity in a disaster situation. Frailty
is a clinical syndrome separate from the normal aging process in which impairments
such as sarcopenia, functional decline, neuroendocrine dysregulation, and immune
impairments occur in combination (Abellan Van Kan et al., 2008). The comorbid
aspects of dementia and frailty exacerbate each condition, making the provision of
both physical and mental health care even more problematic in disaster situations.

Risk factors related to health intersect with situational and socioeconomic factors
to increase vulnerability for older adults in emergencies and disasters. Social isola-
tion is one of the most important of the latter (Gibson & Hayunga, 2006; HelpAge
International, 2000). Older adults who live alone who have physical, cognitive, or
mental health conditions that limit their functional abilities may face insurmountable
barriers in meeting practical challenges such as obtaining heat, electricity, potable
water, food, and medical supplies and providing pet care in emergency situations.
They may be reliant on healthcare and social services that are disrupted by the event.
Older immigrants may be at particular risk for experiencing cultural, linguistic, and/or
literacy barriers that reduce their access to information and resources. Generally,
older adults have fewer financial and social resources to draw on. Moreover, lack of
awareness, ageism, and systemic discrimination contribute to the neglect of vulner-
able older adults in emergency preparedness initiatives and in community recovery
and rehabilitation activities post-disaster (Hutton, 2008).

Older adults who live in long-term care facilities also face distinct challenges
during and after disasters. Residents of these facilities have serious physical and/or
cognitive impairments, rely on others for assistance with activities of daily living,
and require 24 h skilled nursing supervision. One in five Canadians aged 85 years
and older currently reside in long-term care facilities (Statistics Canada, 2010).
However, it is estimated that by 2041, 120,000 beds will be needed in addition to the
current 200,000 long-term care beds across the country. The frailty and medical
complexity of facility-based residents are very different from what they were a
decade or two ago. Residents are admitted when they are closer to the end of life.
They are more functionally dependent and require greater assistance with activities
of daily living (Frohlich, De Coster, & Dik, 2002; McGregor et al., 2010; Smith,
Tremethick, Johnson, & Gorski, 2009). Many have a diagnosis of dementia.

The effects of Hurricane Katrina demonstrated the vulnerability of long-term
care facility residents during and after disasters. Common problems in these facili-
ties included inability to track and monitor all residents; loss of electricity for brief
or sustained periods of time; lack of sufficient and appropriate transportation for
evacuation of residents; disruption of communication systems with breakdowns in
telephone and cellular services; lack of food, water, medications, oxygen equipment,
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and other medical and general supplies; lack of sufficient numbers of staff; and lack
of adequately prepared staff (Deeg, Huizink, Comijs, & Smid, 2005; Dosa,
Grossman, Wetle, & Mor, 2007; Laditka, Laditka, Cornman, Davis, & Richter,
2009; Saliba, Buchanan, & Kingston, 2004). Evidence suggests that in the case of
Hurricane Katrina and other disasters, long-term care facilities receive less support
than needed from emergency response agencies (Brown, Hyer, & Polivka-West,
2007; Dosa et al., 2007; Hyer, Brown, Berman, & Polivka-West, 2006; Laditka
et al., 2009).

5.4 Gerontechnology and Emergency Management

Gerontechnology is an interdisciplinary field of research and application involving
gerontology-the scientific study of aging, and the development and distribution of
technology-based products, environments and services (Fozard, Rietsema, Bouma,
& Graafmans, 2000). In general, much of the work on human interaction with
machines, devices, and information systems can be usefully conceptualized as an
attempt to maximize the degree of fit between the hardware, software, and instruc-
tional components of technological systems and the user’s sensory, perceptual, cog-
nitive, and psychomotor abilities (Czaja, Sharit, Charness, Fisk, & Rogers, 2001).
As a discipline, gerontechnology has acquired depth and breadth over the past two
decades (Charness & Jastrzembski, 2009). In its essence, however, it continues to
primarily involve the integration of two broad fields—engineering and gerontol-
ogy—to achieve practical goals such as providing solutions to compensate for defi-
cits in motor functioning, sensory acuity, decision-making, social connectedness,
and the like that become more prevalent with age (Fozard et al., 2000). Results from
research on aging are used to inform the technical aspects of product design, hous-
ing, mobility, information and communications, safety and security systems, train-
ing and education, health and home care, and medical technology (Graafmans &
Taipale, 1998).

The functions of gerontechnology include preventing problems from occurring,
enhancing personal ability to overcome problems, compensating for losses that can-
not be overcome by enhancement, assisting with care provision where care is
needed, and promoting research on problems without current solutions (Fozard,
Graafmans, Rietsema, Bouma, & van Berlo, 1996). It would seem that gerontech-
nology could play a central role in reducing the disproportionate vulnerability of
older adults in emergencies and disasters and building disaster resilience. The core
functions of gerontechnology (prevention, enhancement, compensation, care, and
research) have relevance for meeting the needs of older adults within each phase of
the emergency management cycle. Gerontechnology methodologies of inquiry have
a critical contribution to make to the development of resources to enhance disaster
resilience and reduce risk for older adults. This potential is explored in the following
sections.
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5.5 Prevention/Mitigation

In emergency management, there is increasing recognition of the value of taking
actions in the present to preventing foreseeable problems from occurring in the
future (WHO, 2007). For example, Hwacha (2005) describes a consultation process
with provinces, territories, and stakeholders in Canada aimed at developing a
national disaster mitigation strategy, and Henstra and McBean (2005) highlight the
human and economic losses that are motivating this paradigm shift. Mitigation and
prevention have traditionally involved technology and engineering, generally at the
infrastructure level. For example, floodways are built to reduce the risk of flooding,
buildings are engineered to withstand earthquakes, and cyclone shelters are built in
strategic locations.

In the field of gerontechnology, there has been a conceptually similar prevention
and mitigation focus on developing technologies that enable older people to remain
in conventional housing in the community (i.e., in single family detached and semi-
detached houses, row housing, low- and high-rise apartment blocks) for much lon-
ger than might be expected based on their medical conditions. These technologies
include walkers, wheelchairs, and electric scooters for those with mobility limita-
tions, portable oxygen systems for persons with pulmonary disease, home dialysis
systems, and various types of personal emergency response systems (PERS). This
trend has implications for emergency management. Haq, Whitelegg, and Kohler
(2008) draw attention to weather-related disasters, expressing concern that the haz-
ards of climate change could negate the value of these technologies without careful
planning. In the next section, we highlight some infrastructure-enhancing technolo-
gies that have the potential to increase disaster resilience for older adults by mitigat-
ing foreseeable risks.

5.5.1 Tracking and Mapping Systems

The two major technologies for tracking and mapping that have been applied to
emergency management are global positioning systems (GPS) and geographic
information systems (GIS). GPS are satellite-based navigation systems that provide
reliable location and time information. GPS technology has become ubiquitous,
readily available in vehicles and cell phones. GPS are one of the primary compo-
nents of computer-facilitated dispatch/response systems. In the event of a disaster,
the nearest response units can be selected, routed, and dispatched once the location
is known. GIS are database systems that use software to analyze data that can create
maps and tables for planning and decision-making (Federal Emergency Management
Agency [FEMA], 2011). Use of GIS allows for information sharing of spatial data-
bases (e.g., hydro lines, streets, population distributions) on computer-generated
maps. In the United States, GIS are used in emergency management at the federal
level by agencies such as FEMA and at the state and local level by police, fire, and
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other emergency services. The use of Web-based GIS mapping has grown at the
organizational level and is also beginning to expand to the personal level (FEMA,
2011). This expansion means people may one day be able to link into an emergency
management system via their personal computer to learn how, for example, to evac-
uate from their town using the best route based on the trajectory of an imminent
tornado. Following the 9/11 terrorist attack in the United States, there was a spike in
the proposal and development of advanced GIS for emergency management. One
example was a proposed GIS-based intelligent emergency response system (GIERS)
that would use real-time three-dimensional (3D) GIS (Kwan & Lee, 2005). A 3D
system would allow identification of details such as occupancy of a single room in
a building that would increase evacuation speed.

GPS and GIS can be used together for a variety of purposes. For example, one
California healthcare organization has used the two together to dispatch helicopters
and ambulances, to identify the fastest routes for response vehicles, and to interface
with police and fire departments and emergency medical services (Hildreth, 2007).
Significant efforts are underway to apply these technologies to humanitarian emer-
gencies (Johnson, 2000; Kaiser, Spiegel, Henderson, & Gerber, 2003). It is critical
that the distinct needs of frail older adults in community settings and in long-term
care facilities are represented in the evolution of these systems as emergency man-
agement resources. Applying this technology to emergency management in large-
scale disasters, GIS and GPS technology could be used together to improve
evacuation of older adults to temporary shelters. Where disaster zones are known to
encompass neighborhoods with high concentrations of older adults who are likely
to need assistance evacuating from their homes, use of these systems can assist
emergency responders to effectively deploy scarce resources. If long-term care
facilities are included in the system, both sending and receiving facilities would
benefit from increased ability to place older adults appropriately, considering both
bed availability and care needs. The combined systems could be used to track per-
sons with dementia and others whose medical conditions impair their ability to
self-report their location before, during, and after an evacuation. Systems that
include the capacity for advanced vehicle locating (tracking the location of trans-
portation vehicles in real time) would permit response to any untoward situation that
might arise during the transportation of vulnerable older adults from one setting to
another. If the integrated systems are advanced enough, medical records could also
be incorporated within them. This would be of particular value to older adults, who
are likely to experience disruptions in medical care for preexisting conditions dur-
ing disaster situations. Maintaining treatment for common conditions such as arthri-
tis, cardiovascular disease, diabetes, and cancer is often dependent upon timely
access to healthcare records that document medical treatment routines. Information
sharing between agencies can be difficult due in large part to a strong reliance on
paper-based systems or on a computer system where data are not accessible outside
the facility. Past disasters in the United States have demonstrated that the lack of an
electronic medical record system delays the provision of health services for frail
older persons (Hyer et al., 2006), while the availability of such a system can expe-
dite resumption of services (United States Department of Veterans Affairs, 2005).
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Technological challenges for the use of GIS and GPS in emergency management
can include dropped signals, imprecise mapping, and difficulty linking systems and
matching coordinates. Cost-effective and widely accessible monitoring technolo-
gies that will allow superior communication and integrated response are needed
(Anderson & Gow, 2003). Overarching requirements for the success of this technol-
ogy as a resource for disaster prevention and mitigation include refining intercon-
nectivity between different systems to guarantee completeness and continuity of
information flow between organizations, facilities, transfer locations, and care doc-
umentation systems. Laws may need to be revised to permit electronic access and
sharing of information between tracking and mapping technologies. However, the
potential for these systems to reduce vulnerability for older adults in emergencies
and disasters is significant (Kiefer, Mancini, Morrow, Gladwin, & Stewart, 2008;
Smith et al., 2009).

5.5.2 “Intelligent Building” Systems

A promising development in gerontechnology is the use of intelligent building sys-
tems in residential settings such as long-term care facilities, assisted living facilities,
senior housing, and retirement communities. Although the definition of an intelli-
gent building has been debated over the years, in general, they use a combination of
communication, mechanical, electrical, and safety systems that are integrated to
create a space that can improve workplace productivity, promote building energy
efficiency, allow for remote operations, and ensure safety (Continental Automated
Buildings Association [CABA], 2002; Wong, Li, & Wang, 2005). In theory, emer-
gency management organizations can be linked to the safety system of an intelligent
building so that timely information is transmitted in emergency situations to appro-
priate emergency responders (police, fire department, paramedics). The intelligent
Building Response (iBR) project at the National Institute of Standards and
Technology Building and Fire Research Laboratory in the United States is working
on the creation of a standard for real-time transfer of information such as location
of building occupants and hazards (e.g., fire) from the intelligent building system to
emergency response organizations (National Institute of Standards and Technology,
2005). Currently, most of the information collected by intelligent building systems
remains within the building which does not allow emergency responders to fully
assess the situation until they arrive on the scene.

Smart houses, comprised of dwellings with automated systems that control tem-
perature, lights, sound systems, surveillance cameras, and so forth, are another
example of intelligent buildings that could be linked to emergency management
organizations (Tiresias, 2009). While currently the cost of owning and managing a
smart home is beyond the reach of many seniors, the potential benefits of this tech-
nology for building disaster resilience as well as for other purposes may become
accessible to larger segments of the aging population in the future.
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5.6 Emergency Preparedness

Mitigation and prevention activities can reduce or eliminate the threat posed by
hazardous events; however, not all emergencies can be prevented. Still, earthquakes,
tsunamis, ice storms, hurricanes, and other such events are predictable in their like-
lihood, if not their timing, and large-scale industrial accidents, pandemics, terrorist
activities, and other hazards of modern life are likely to continue to occur. Emergency
preparedness means being ready, willing, and able to respond to these events. The
critical questions for individuals are the following: What are the risks to my safety
where I live? What information do I need to have to minimize my risks? Where can
I obtain this information? In addition to self-reliance, however, there is a collective
responsibility for policies, strategies, and programs aimed at emergency prepared-
ness at the level of organizations, communities, and governments. This multidimen-
sional model for preparedness reflects the population health approach to
understanding disaster vulnerability and resilience (Berry & Hutton, 2009). In this
section, we consider applications of technology in aid of emergency preparedness
for both individuals and communities.

5.6.1 Individual Preparedness: Medical and Assistive Devices

Lack of a steady supply of electricity to ensure medications can be maintained at
required temperatures for viability and to power medical equipment such as respira-
tory and dialysis machines can quickly aggravate chronic diseases common to older
age (IASC, 2008). The 2003 blackout in the eastern seaboard of Canada and the
United States dramatically illustrated this challenge. A study of New York’s
healthcare system revealed a surge of hospital emergency room visits secondary to
respiratory device failure (mechanical ventilators, positive pressure breathing assist
devices, nebulizers, and oxygen compressors) (Prezant et al., 2005). It is essential
that personal preparedness plans for older adults include information on how to meet
the need for temporary backup electricity if this is required to support lifesaving
equipment or medications (Gibson & Hayunga, 2006). The same is true for electric
wheelchairs and scooters and other electronic assistive devices. How temporary
backup strategies function, how affordable they are for older adults, and how easily
and safely they may be used are all questions for the field of gerontechnology.
Everyday assistive devices such as eyeglasses and hearing aids are another essen-
tial component in emergency preparedness planning for older adults. Hearing loss,
due to presbycusis, is very common in older adults. Close to half of men aged 65
and over and nearly a third of older women in the United States reported hearing
difficulties in a 2002 study (Federal Interagency Forum on Aging Related Statistics,
2004). With aging, visual acuity is reduced due to presbyopia, and many seniors
need glasses to read. Vision may also be limited by cataracts or macular degenera-
tion, placing the senior at risk for adverse events such as falls. Older adults with
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severe hearing loss and/or without their hearing aids or batteries may not respond to
alarms in emergency situations and, if evacuated, are at risk for communication dif-
ficulties. Similarly, evacuees will experience difficulties if eyeglasses are lost or
forgotten. Alternate communication strategies and access to temporary assistive
devices should be part of the personal emergency preparedness plan put in place by
an older adult with sensory impairments. Cost and availability of innovative solu-
tions are challenges for gerontechnologists to consider.

5.6.2 Community Preparedness: Communication
and Notification Systems

Increasingly, there are examples of social media playing a role in emergency pre-
paredness (Merchant, Elmer, & Lurie, 2011). For example, aid officials in the
Philippines credited social media communications with persuading people to take
precautions in advance of an October 2010 typhoon (IRIN, 2010). The increasing
numbers of people, including older adults, who use the Internet attests to its poten-
tial as a communication tool for notification of emergencies and disasters (Czaja &
Lee, 2003). However, it is important not to lose sight of the digital divide. A recent
national survey indicated that only 54 % of Americans living with a disability use
the Internet, compared with 81 % of adults without a disability. Disability was asso-
ciated with being older, less educated, and living in a lower-income household (Fox,
2011). At the same time, recent research indicates that social networking sites such
as Facebook and LinkedIn are attractive to older adults because they are more likely
to be living with a chronic disease and reach out for support online (Madden, 2010).
The evolution of this trend as a resilience-building component within emergency
preparedness warrants close attention.

It is important to avoid overreliance on one technology for communication and
notification, however. Public emergency notifications should be made available
through a variety of modes and mediums. Older people need to receive emergency
notifications that are appropriate to their needs and in accessible formats (WHO,
2008). In the United States, television, radio, community technology centers, sirens/
loudspeakers and, when available, telephones with systems such as a 311 informa-
tion system or reverse 911 are all types of technology that have been used. These
systems are potentially the best source of technology to reach vulnerable popula-
tions (Kiefer et al., 2008). Reverse 911 automated systems can call large numbers
of homes in a designated area quickly as an aid to emergency notification (Gibson
& Hayunga, 2006). Contacting staff and family members during a disaster is a chal-
lenge for healthcare facilities, including long-term care homes, due to the limited
number of phone lines or cell phones. Families are often concerned about the well-
being of their older member and resort to phone calls for verbal updates. There are
opportunities for social networking technologies, reverse 911 systems, and related
technologies to fulfill the need for communication when the usual lines of commu-
nication are not operating or a request has been issued to avoid using phones.
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There is also potential for PERS to play a greater role in emergency preparedness.
This will be especially true, should these systems succeed in expanding their mar-
ket share in the future. Currently about 10 % of older individuals in the United
Kingdom, and around 1 % in North America, use such devices. Ever since the
advent of the first generation of PERS, technological developments have improved
the capability of users—older adults, response centers, and first responders—to
reach someone in need in the shortest possible time. This was and remains the guid-
ing principle of PERS for seniors when indicated by social and health-related fac-
tors such as living alone or having had a recent hospitalization for hip or lower limb
surgery (Roush & Teasdale, 1997), or for detecting changes in routine activities of
daily living that might be prodromal signs of an impending medical problem
(Glascock & Kutzik, 2006).

The next two generations of PERS expanded on the growing need to know where
vulnerable older adults live and what are their unique health and social circum-
stances and to be able to communicate with users who initiate a request for assis-
tance. Currently, fourth generation (4G) PERS devices and services in North
America are developing the capability for what is referred to as reverse alerts. This
refers to response centers or emergency agencies being able to both inform users of
an impending disaster—for example, a tornado that has just been seen nearby, rising
water, an approaching wild fire, or some biological outbreak causing illness in the
community—and confirm that the user has received the alert and is taking protective
measures.

This emerging bidirectional communications capability was reported at the 7th
World Conference of the International Society for Gerontechnology. One of the
authors of this chapter (SH) was commissioned by the PHAC Division of Aging and
Seniors to conduct an assessment of the use of PERS as an emergency preparedness
and management tool. The analysis of 28 North American PERS companies
revealed that (1) PERS communications systems are not generally designed for
mass broadcast nor are on-person alert devices usually designed for incoming
notices; (2) most PERS systems do not have structural and operational requirements
in place to respond to disaster management so that specific groups of older adults
could be contacted; and (3) geographic coverage is fragmented: that is, a region may
be covered by multiple PERS providers, resulting in even greater difficulty for a
local authority to distribute messages (Roush & Gutman, 2010).

While these findings point to the early development of bidirectional 4G PERS
capabilities, an inquiry to the Center for Aging Services Technologies (CAST)
revealed that only two PERS companies were known to have the capacity for reverse
alerts (Alwan, M. Results of CAST report on bidirectional capabilities of U.S.
PERS companies, personal communication, May 14, 2010). At the time of the
inquiry, one bidirectional system in a long-term care facility near Denver, Colorado,
had actually been used to alert residents that a tornado watch was in effect and the
residents indicated that they had received the message and were beginning to take
appropriate measures. The other system converts text such as a public emergency
message displayed on TV into a voice message and transmits it to the in-home
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device of the user. This company had also just developed an on the go feature using
GPS for compatible mobile phones to locate and warn people who are away from
home and may be in harm’s way.

5.7 Emergency Response

Evidence from the response phase of disasters suggests that the needs and resources
of the aging population are not well integrated within the guidelines and technical
response mechanisms available to the emergency and humanitarian community
(IASC, 2008). The UN IASC Cluster System provides an organizing mechanism for
system-wide preparedness and capacity for technical response to humanitarian cri-
ses. Within this system, age is a crosscutting issue that has been identified as need-
ing more attention (Day, Pirie, & Roys, 2007). Vulnerability risks that need to be
addressed include lack of attention to the chronic medical conditions common to
older adults (as discussed above) and security issues. These include the need for
protection from financial abuse and theft of personal belongings and property dur-
ing and after evacuation; psychological, physical, and sexual abuse; and other forms
of mistreatment and exploitation that may be underestimated as concerns for older
adults. Responding effectively to the needs of older adults within the disaster-
affected community is often hampered by lack of baseline statistical information on
the age distribution and health status of the population prior to an emergency. Data
that are collected in response to a disaster are often disaggregated by gender only
and do not include sufficient information on age (IASC, 2008). More effective data
collection processes are needed to ensure that registration, needs assessments, and
morbidity and mortality figures are collected and disaggregated by both age and sex
(Day et al., 2007).

5.7.1 Needs Assessment Strategies

There is a need for strategies that use participatory rapid assessment (PRA) tech-
niques (e.g., ranking, resource mapping) to facilitate efforts by older people to self-
assess their own needs and capacities when an emergency occurs (HelpAge
International, 2000). For efficiency, computer software and Internet-based services
should be applied to enhance this data collection and utilization (Kaiser et al., 2003).
Research on how to engage older adults in such large-scale technology-based data
collection, aggregation, and utilization processes is needed.

Technology-based solutions are also needed to support rapid response by local
organizations and relief agencies. A Community Disaster Information System
(CDIS) has been developed to enhance relationships between nongovernmental
organization (NGO) responders and local agencies and suppliers (Troy, Carson,
Vanderbeek, & Hutton, 2008). A pilot test, which was also used to identify ways to
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improve the CDIS, found it to be beneficial to the NGOs, to the individuals affected
by the disaster, and to organizations that provided services and resources. It also
encouraged collaboration between the local American Red Cross chapter and the
community. Although this system was not created specifically for the older popula-
tion, it could be adapted to ensure that the users both recognize the potential needs
of older adults and have improved access to the resources that are necessary to
provide an adequate response to these needs.

5.7.2 Medical Support Strategies

Advanced medical support technologies described under the headings of
Telemedicine, Telehealth, and Telecare are systems that integrate various communi-
cation and information technologies to perform a specific task: enhancing medical
access and support. In mass casualty events, decisions have to be made as to who
might live if immediate treatment is received, who might not, and who can wait.
Disasters are initially local events, managed by the on-site resources that happen to
be present when a situation arises. Where infrastructure allows, resources such as
telemedicine and telehealth can be invaluable as a triage aid (Balch, 2008).
Telemedicine can provide a visual link between a disaster site and experienced med-
ical personnel at a distant facility, serving as a conduit for transfer of clinical data
that can enable treatment to start on site (Chelmsford, 2008). In recent disasters,
these technologies have been used in conjunction with mobile communication strat-
egies to supplement local emergency response systems (Turnock, Mastouri, &
Jivraj, 2008). Improved outcomes that can result from effective use of telemedicine
strategies include a reduction in patient transports (particularly important in disas-
ters when transportation systems are compromised), improved care through better
matching of patients to dispatch locations, and synchronization of data between site,
dispatch, transport, and receiving center. A survey of 1,801 rural emergency medi-
cal services organizations in the United States revealed many had limited resources
for managing mass casualty events and a high perceived need for training (Furbee
et al., 2006). Telemedicine technologies can both facilitate emergency response
training and augment response capacity in the event of an actual emergency.
Where the potential of telemedicine as an emergency response strategy is largely
untapped is in the field of chronic disease management. Chronic disease exacerba-
tions comprise a sizable disease burden during disasters (Miller & Arquilla, 2008).
A post-Hurricane Katrina study documented challenges in providing services for
mental health disorders, diabetes, hypertension, respiratory illness, end-stage renal
disease, cardiovascular disease, and cancer (Arrieta, Foreman, Crook, & Icenogle,
2009). Maintaining continuity of medication was the most frequently mentioned
problem, with a host of contributing factors including lack of access to pharmacy
records and financial barriers. A substantial demand for drugs used to treat chronic
medical conditions was identified among Hurricane Katrina evacuees to San
Antonio, accounting for 68 % of medications prescribed (Jhung et al., 2007).
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As an example, the Ontario Telemedicine Network (Government of Ontario,
n.d.b) provides videoconferencing for health professional/patient consultation,
thereby improving access to diagnosis and treatment. Its Telehomecare program
uses monitoring equipment to link patients with chronic diseases to health profes-
sionals to allow better control of chronic diseases such as cardiac failure and diabe-
tes, while an emergency service program uses telemedicine in life-threatening
conditions including stroke, critical care, trauma, burns, and mental health crises.
Ontario Telehealth (Government of Ontario, n.d.a) provides a phone consultation
with a nurse and, if necessary a pharmacist, for health advice and support. It is con-
stantly available (everyday, all hours) and is particularly busy during pandemics.
Telehomecare can include community alarm systems, sensors to detect motion or
falls, and fire and gas alarms that trigger a warning to a response center (Department
of Health, 2005). As these information and communication technologies for medi-
cal support expand and become routinely available across healthcare and commu-
nity settings, their components can be enhanced to improve communication and
reach isolated seniors, enabling them to avoid decompensating in a crisis. These
technologies have the potential to become significant assets for building disaster
resilience among older adults with chronic conditions.

5.7.3 Security Strategies

Survival in the initial stages of a disaster is critically dependent on shelter. Obtaining
shelter is one of the six most common problems identified by older people in disas-
ters around the world (HelpAge International, 2000), in part due to misconceptions
that extended family, community services, and relief agencies can be counted on to
look after older adults (IFRC, 2007). Beyond survival, shelter is necessary for secu-
rity, personal safety, and protection from the climate and can enhance resistance to
ill health and disease. During and after evacuation, there is a need to prevent and
respond to the risk of gender-based violence and sexual exploitation. Some of the
frail and cognitively impaired older adults housed in the Houston Astrodome fol-
lowing Hurricane Katrina were reported to be victims of robbery and exploitation
(Dyer et al., 2006). Temporary shelters should be designed with security in mind
(The Sphere Handbook, 2004). The extent to which PERS and other technology
could play a role in enhancing shelter security for older adults is largely unexplored.
The use of surveillance systems raises concerns about privacy, but older adults’
acceptance of in-home monitoring and electronic tracking devices generally sup-
ports the trade-off between privacy and safety (Demiris et al., 2004; Landau, Werner,
Auslander, Shoval, & Heinik, 2010; Wild, Boise, Lundell, & Fousek, 2008).

A second major security concern is that older displaced persons are often not
included in tracing and reunification activities (IASC, 2008). Return, repatriation,
and reintegration programs should address the challenge and needs of unaccompa-
nied old as energetically as those of unaccompanied children (Day et al., 2007).
Finding people potentially affected by a disaster can be a daunting task, especially
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when searching for older adults with impaired cognition, who may not have the
capability to utilize communication tools. Many families could not locate elderly
members for days or weeks following Hurricane Katrina due to the lack of a track-
ing system (Dyer et al., 2006).

Following the 9/11 terrorist attack in New York, many lists of missing people and
survivors emerged on the Internet. Although the American Red Cross had a
Restoring Family Links program, many people either did not know about this
resource or chose to post their search elsewhere. After Hurricane Katrina, the People
Finder Project sought to merge all data into one database (Csikszentmihdlyi, 2010).
Data on missing persons were collected from the various web sites by volunteers
and a new tool, called the People Finder Interchange Format (PFIF), was used to
translate data into a single format that was placed into a central database. The com-
piled data were then sent to the American Red Cross.

Advancing on this technology, the Google Person Finder was developed follow-
ing the 2010 Haiti earthquake (Csikszentmihdlyi, 2010). The Person Finder scraped
web sites, blogs, and bulletin boards for information, photos, and data, translated it
using the PFIF, and sent it to a central database. As part of the People Finder, a
widget, or technical code, could be placed on web sites that allowed people to post
information or search for missing people. With these advancements in Internet tech-
nology, emergency response organizations and service agencies could work together
to create a simple tool to collect data on older adults who are missing in a disaster.

5.8 Disaster Recovery

In comparison to other components of emergency management, especially pre-
paredness and response, disaster recovery has received proportionately little atten-
tion (Phillips, 2009). The evidence from disasters across the world suggests that
recovery processes and supports are insensitive to the specific needs and issues of
older people. For older people, disruption to the healthcare infrastructure is a par-
ticularly critical issue, as chronic conditions can quickly become acute health crises
without sustained treatment and management. Other recovery phase tasks that pose
significant challenges for older adults include restoring housing, resettlement, and
reestablishing social and economic roles and activities (WHO, 2008).

5.8.1 Reconstruction Strategies

Restoring housing and resettlement is complicated for all people who have been
displaced due to a disaster. Longitudinal research in Canada on older adults who
lost their homes due to flooding in the province of Quebec revealed persistent nega-
tive effects on emotional and social functioning, including mourning for loss of
home (Maltais & LaChance, 2007). An analysis of post-disaster reconstruction in
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Kobe, Japan, following the 1995 Great Hanshin Earthquake chronicles the practical,
social, and emotional challenges encountered by low-income older adults in the
years following the disaster as they transitioned through various housing options
(Otani, 2010). The recovery and rebuilding of New Orleans following the devasta-
tion of 2005 is taking years, and it is likely that many of the more vulnerable seg-
ments of the population will be excluded from resettlement in their original
communities (Cutter et al., 2006). These evacuees may wish to return to their homes
but lack either the financial resources or emotional ability to do so. Affluent home-
owners and businesses, including coastal resort properties, have insurance and begin
to rebuild quickly. Lower-income neighborhoods with affordable housing, access to
public transportation, jobs for less-skilled individuals, and social service networks
take longer to reinstate, and the repatriation of displaced residents to these areas
may be less of a political and social priority.

Continuity of care from home to temporary accommodation and back to home
may be a complicated proposition where smart home technologies and other com-
munication and monitoring systems have provided the environmental support that
has enabled a frail older adult to maintain residency in the community rather than in
a care facility prior to the disaster. This scenario gives rise to a number of chal-
lenges. First, the circumstances encountered in shelters and temporary housing can
be particularly disruptive to an older person in fragile health and with compromised
mobility (WHO, 2008) with the result that the level of support that was adequate to
maintain functioning pre-disaster may no longer suffice post-disaster. Second, the
resources to reinstate the environmental supports may be limited, delayed, or totally
lacking post-disaster. Third, and perhaps most importantly, this is likely to be a
problem for a relatively small proportion of the older adult population and as a
result may be low on the priority list of agencies responsible for reconstruction and
resettlement.

What is more applicable to a greater number of older adults, particularly low-
income renters, is that the disproportionate impact of natural disasters may be attrib-
uted in part to the likelihood that they lived in substandard housing in unsafe
locations (WHO, 2008). Reflecting the population health approach to understanding
vulnerability and resilience, the intersection among health status, economics, and
disaster recovery is dramatically illustrated by the lot of older adults and people
with functional disabilities after Hurricane Katrina. The New York Times reported
that 3 years after the devastation caused by Hurricane Katrina, the majority of peo-
ple who continued to reside in temporary trailers were older adults and those with
mental disorders and physical disabilities (Dewan, 2009). Similarly, economically
disadvantaged older adults tended to reside in temporary shelter housing the longest
after the earthquake that devastated the Kobe and Osaka areas of Japan in 1995
(Otani, 2010). Reports from the 2011 tsunami and earthquake on Japan’s northeast-
ern coast show a similar pattern of delayed recovery for older adults, reflecting a
combination of health-related, economic, and social factors (IFRC, 2011).

The reconstruction of housing after disasters has a strong technocratic bias, with
an emphasis on safety from a construction and materials standpoint. Unfortunately,
projects often fail to address issues at the intersection of housing and livability,
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including the needs and preferences of the residents for whom the houses are to be
built (IFRC, 2001; Twigg, 2002). There is a role for gerontechnology in the field of
disaster reconstruction, both with respect to seizing the opportunity to incorporate
age-friendly technology within rebuilds and applying gerontechnology methods of
inquiry to maximize the fit between proposed new environments and old residents.

For residents of long-term care facilities, short-term recovery issues include res-
toration of vital services and systems. These may include temporary food, water,
and shelter for residents, ensuring they have medical care and prescribed medica-
tions, and/or restoring electrical services through emergency generators. Sustained
power outages can impact a resident’s life-support equipment and have an impact
on mobility (e.g., when electric wheelchairs are unusable and elevators are dis-
rupted). Short-term recovery occurs when the immediate threats are halted and both
basic services and vital needs are restored. Long-term recovery represents an oppor-
tunity to make use of new technologies to enhance the disaster resilience of a facil-
ity. The long-term care Hurricane Summit sponsored by the Florida Health Care
Association in February 2006 (Hyer et al., 2006) was convened to identify issues
warranting further coordination between long-term care providers and state and fed-
eral emergency operations centers (EOCs). Recommendations included identifica-
tion and development of computer system enhancements needed to bridge EOC
structures with long-term care facilities, development of redundant communication
systems, and development of centralized tracking systems.

5.9 Summary and Conclusion

Older adults are at increased risk in emergencies and disasters not because of age
per se but because they are more likely to have risk factors for vulnerability, includ-
ing health problems, increased dependence on healthcare and social services, lower
socioeconomic status, and restricted social networks. We have explored the poten-
tial for technological solutions to combat this disproportionate vulnerability and
increase disaster resiliency for older adults in all phases of emergency management.
Prevention-focused technologies that can be implemented to increase resilience to
disasters include integrating tracking and mapping systems (GIS and GPS) and
intelligent building systems with emergency response services. These resources
have the potential to be developed so that they support efforts by first responders to
locate and reach older adults who need assistance. Technological advances are
needed to improve the function and availability of medical and assistive devices at
the personal level, and of communication and notification systems at the community
level, under conditions of adversity. Known problems that impact older adults in the
recovery stage of a disaster include inadequate needs assessment, insufficient medi-
cal support for those with chronic illnesses, and inattention to safety issues includ-
ing personal security. Technology applications including computer-based assessment
tools, remote medical care systems (telemedicine, telehealth, telecare), and
computer-assisted monitoring and reunification systems have the potential to
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contribute to increased disaster resilience for older adults by addressing these
problems. In the recovery stage of a disaster, home reconstruction is a dominant
issue. There is a need to expand gerontechnology applications, including home
adaptations that enable older adults to regain or improve the level of functioning
they had in their homes (community or facility based) prior to the disruption that
accompanies a disaster.

There is a risk that greater reliance on technology in emergency management can
lead to a paradigm where the problems that are most readily addressed by techno-
logical innovations receive the lions’ share of attention, at the expense of the more
difficult vulnerability and response issues (Kiefer et al., 2008). The status quo—
disproportionate vulnerability for older adults in emergencies and disasters—is
unacceptable. The distinct needs of older adults in community settings, as well as
the unique circumstances of older adults who live in long-term care facilities, must
be represented in the evolution of technology as an important emergency manage-
ment resource. Several factors may impact the acceptability, uptake, and demand for
technology applications in building disaster resilience for older adults. There is a
shortage of outcome studies demonstrating the value of technology for promoting
disaster resilience, especially regarding cost-effectiveness and efficiency. Research
is needed to quantify the value that disaster technology can hold for older people,
both in community settings and in care facilities. For example, although the technol-
ogy to connect intelligent buildings with emergency management has been under
development for some time, the cost to create such a system can be prohibitive and
the technological requirements may be more advanced than what a long-term care
facility can manage in an already busy day. If not implemented correctly, an intel-
ligent building may also restrict the amount of flexibility a user may have to adjust
the system to their changing needs.

There is also a need for educational initiatives that raise awareness of technolo-
gy’s potential benefits as a component of the safety envelope for older adults. For
example, among long-term care administrators who have had previous problems
using technology, there may be resistance to trying new high-tech devices within
their sites (Yu, Li, & Gagnon, 2009). This applies to older adults as well. Simplifying
technology for a broad spectrum of users, with varied levels of computer literacy,
competence, and comfort, is an ongoing challenge. Much more research on domot-
ics, the field of studying interactions between users and electronic devices, must be
conducted (Harrington & Harrington, 2000). And since the older adults of tomor-
row will be much more tech-savvy than today’s older population, human factors
research must be conducted on what various cohorts of end users need and will use.

Practical, relevant research is needed, which takes into account user knowledge
and beliefs, the context in which older adults and caregivers interact with given
technologies, and the characteristics of the technology itself (Rogers & Fisk, 2010).
Designers of technology supports need to work closely with both older adults and
other stakeholders to learn how their products and services can be engineered and
marketed to promote their use in emergency management. Learning from their feed-
back would not only improve the design of the technologies but also enhance
the processes of technical support. Identification of best practices selected from
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among ongoing efforts, as well as continued planning and implementation of
outcome-oriented field pilot tests and larger-scale demonstration projects, is recom-
mended. If we are to expand the technology safety envelope for older adults to
include disaster resilience, it will be critical that research on the application of tech-
nology for emergency management purposes goes beyond focus groups and
self-report surveys to include disaster simulations and exercises, as has been recom-
mended for other assistive technologies (Gutman, 2003).

Age-friendly adaptations to current emergency management practices that would
enhance outcomes for older people would in many instances also benefit other pop-
ulation subgroups (IASC, 2006). This is both an argument for greater age sensitivity
and inclusiveness in emergency management as a routine practice and an endorse-
ment of the value of technology as a means to this end. Gerontechnology is funda-
mentally about technological development in context. The potential contribution of
technological innovation to disaster resilience will only be realized if it is informed
by an understanding of the nature and consequences of human aging and an appre-
ciation of the role and protection responsibilities of communities towards their older
members.
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Chapter 6

Measuring the Effectiveness of Assistive
Technology on Active Aging: Capturing
the Perspectives of Users

Jeffrey Jutai and Kenneth Southall

6.1 Introduction

The United States’ Assistive Technology Act (1998) defines assistive or adaptive
technology as ...any item, piece of equipment, or product system, whether acquired
commercially, modified, or customized, that is used to increase, maintain, or
improve functional capabilities of individuals with disabilities” (SEC. 3.
DEFINITIONS AND RULE subsection 3). This chapter uses the term mobility
assistive technology (MAT) to describe a category that includes both assistive
devices (applied to or directly manipulated by a person—e.g., a cane, walker, or
wheelchair) and special equipment (attachments to the original structure of the
physical environment—e.g., grab bars in the bathroom) that are designed to improve
mobility.

It is helpful to distinguish the effects of medical and assistive technologies since
the latter are especially important in supporting active aging (Jutai et al., 2009a).
Medical technologies are more narrowly defined and are designed for assessment
and intervention at the level of physical health and healing or, in the language of the
International Classification of Functioning, Disability and Health (ICF), body func-
tion and structures (World Health Organization [WHO], 2001).
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Medical devices are not designed to directly and appreciably improve quality of
life (QoL) and well-being. These improvements are much more influenced by MAT
which helps individuals to engage in life activities and participate in society.
Assistive technology provides a platform to support active aging as defined by the
WHO. The challenge, however, is to demonstrate the efficacy of particular devices.

6.2 Challenges for Outcomes Measurement

According to the ICF (WHO, 2001), participation refers to the involvement of an
individual in a real-life situation. A participation restriction is experienced when,
for example, a person has difficulty attending educational classes or other learning
activities or engaging in social activities with family, friends, neighbors, or groups.
Very commonly, these difficulties result from diminished mobility that occurs natu-
rally with aging or from illness or injury experienced while aging, and many forms
of rehabilitation are available to accommodate them. Participation measures, par-
ticularly those that measure subjective participation, provide important information
for individuals working in the field of rehabilitation since they assess how the indi-
vidual is doing in the community, which some would argue, is the ultimate rehabili-
tation outcome. In fact, participation has been termed the most meaningful outcome
of rehabilitation (Cicerone, 2004); however, it is probably also the most challeng-
ing to measure since there are many things that contribute to a person’s level of
participation (Dijkers, 2010).

6.3 Does Mobility Assistive Technology Enhance Participation?

This question is more difficult to answer than one might expect. Historically, it was
assumed that beneficial effects of assistive technology on participation must be
obvious and easily observable, but since they often are not, there is a dearth of stud-
ies showing positive outcomes (Fuhrer, Jutai, Scherer, & DeRuyter, 2003). Most
existing health and rehabilitation studies have one of three limitations (a) assistive
technology impact is not even considered, (b) where it is, there is a failure to recog-
nize that use of assistive technology lowers the functional impact score, and/or (c)
the impact is not attributed to specific assistive devices (Rust & Smith, 2005).
A review of 20+ years of published assistive technology outcomes research (Lenker,
Scherer, Fuhrer, Jutai, & DeRuyter, 2005) revealed several trends in outcome mea-
surement. Device usage and usability accounted for almost 70 % of the dependent
variables appearing in the literature, while outcome domains such as functional
level, participation, and quality of life accounted for less than 30 %. Of 212 out-
come variables used in 82 reviewed articles, 79 % (N=168) were measured using
non-standardized, study-specific measurement tools with scant reporting of the psy-
chometric properties of the tools used.
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As aresult of the field’s approach to measurement, the assistive technology out-
comes research literature is vulnerable to one of three fundamental flaws (a) genu-
ine treatment effects may be undetected because of measures that have weak
reliability; (b) tools lacking validity may result in systematic underestimation, over-
estimation, or misrepresentation of treatment effects; or (c) the impacts of MAT in
outcome domains of interest are simply not measured.

Other limitations of measurement tools include narrowly defined outcome
domains, lack of comparability of results across instruments, and unacceptable
trade-offs between instrument precision and practical implementation. Additionally,
many measurement tools cannot be used across the variety of settings in which
rehabilitation services are provided, nor along the continuum of care (Jette & Haley,
2005; Jutai, 1999; Jutai, Ladak, Schuller, Naumann, & Wright, 1996; Lenker et al.,
2005; Seale & Turner-Smith, 2003). The available pool of traditional measures, in
other words, is inadequate to measure outcomes of use of mobility assistive tech-
nologies. New tools and techniques are needed. MAT outcomes, including impact
on participation as defined by the ICF (WHO, 2001), must be understood and mea-
sured within the context of personal choices and activity-level factors. The inherent
complexities of this model can only be measured efficiently using dynamic assess-
ment techniques, such as computer adaptive testing (CAT) built on item response
theory (IRT) approaches (Gershon, Heinemann, & Fisher, 2006). Input from diverse
stakeholder groups is required to form a conceptual basis of MAT outcomes and to
assure relevance across a range of disabling conditions. Our research program,
described below, addresses these challenges.

6.4 Assistive Technology Outcomes Profile for Mobility

The Assistive Technology Outcomes Profile for Mobility (ATOP/M) is based on
state-of-the-art applications of IRT and CAT and designed for evaluating the impact
on activities and participation of increased mobility resulting from the use of MATs.
With the ATOP/M, the impact can be attributed to specific assistive devices. With
CAT, the respondent’s ability level relative to a norm group can be iteratively esti-
mated during the testing process and items can be selected based on their current
ability estimate. Thus, respondents will receive few items that are very easy or very
hard for them. This tailored item selection can result in reduced standard errors and
greater precision with only a handful of properly selected items.

The targeted populations for the ATOP/M are adults who have a mobility dis-
ability, as defined by the ICF (WHO, 2001) that limits their ability to move from
place to place independent of any form of assistance. The ATOP/M is applicable to
all relevant conditions that produce this disability and to all settings in which mobil-
ity devices may be used, including transfers to/from mobility devices.

An important feature of our research is that it has been very sensitive to the per-
spectives of MAT users. The ATOP/M includes information that users believe would
assist them in better adopting and using an outcomes measure. It presents items in
ways that users find understandable and sensible.
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6.5 Materials and Methods

The first step in developing the instrument was to assemble an item pool. A total of
148 items were drawn from the Patient-Reported Outcomes Measurement
Information System (PROMIS, 2008), the Community Participation Indicators
(CPIL, v. 4) from the Rehabilitation Research and Training Center (A. Heinemann,
personal communication, January 21, 2008), and over a dozen other instruments
(Jutai et al., 2009b). Items were mapped to the ICF to ensure adequate coverage of
relevant domains. Gaps in content were identified, and items were added from the
other instruments. Nine focus groups were then conducted in the USA and Canada
with multiple stakeholder groups to identify additional items that were needed and
to refine item wording and response format (Hammel et al., 2012). The participants
included 45 mobility device users, 10 caregivers of device users, and 10 individuals
involved in delivering mobility device services. MAT users had a wide range of
diagnoses, including cerebral palsy, multiple sclerosis, spinal cord injury, acquired
brain injury, stroke, and amputation. Mobility devices used included canes (quad,
single point, side), walkers (wheeled, side), wheelchairs (manual and powered),
scooters, prosthetic legs, and crutches. The focus group discussions were analyzed
thematically. Items were subjected to binning and winnowing by an expert panel
and then cognitively tested with 20 device users.

The ATOP/M pool was field tested in a web-based survey of MAT users to cali-
brate items. A total of 1,037 subjects were recruited from a national data registry.
Sample characteristics were as follows: the age range was 16-95 years, 41 % were
male and 81 % were white. Canes (32 %), power (18 %) and manual (13 %) wheel-
chairs, and walkers (14 %) were the most commonly used devices. Users had a wide
range of conditions responsible for their mobility difficulties, including cerebral
palsy, multiple sclerosis, spinal cord injury, acquired brain injury, stroke, and ampu-
tation. Examples of ATOP/M items are presented below.

Rasch analyses were conducted to create full-length and short-form instruments,
and an item bank for CAT applications was developed. The criterion for determin-
ing the reliability of the measures, separation reliability, was a value of 0.80, a value
that distinguishes at least three distinct strata of respondents (high, average, and
low) and a relatively wide range of task frequency (expected to be at least 4 log-odd
units) for the items. The internal validity of the scale was assessed using fit statistics.
External validity was assessed by comparing the ATOP/M domain and subdomain
measures for groups of respondents who differed in the type of assistive device they
used. External validity was assessed by comparing the ATOP domain and subdo-
main measures for groups of respondents who differed in the type of assistive device
they used.

The full-length ATOP/M consists of 68 items distributed across two domains,
each having two subdomains: Activities (Physical Performance and Instrumental
Activities of Daily Living) and Participation (Social Role Performance and
Discretionary Social Participation). The naming of the domains and subdomains is
consistent with the taxonomy published by the PROMIS project (Cella et al., 2010;
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Hahn et al., 2010). The Activities domain is defined as one’s ability to carry out
various activities that require physical capability, ranging from self-care (activities
of daily living) to more vigorous activities that require increasing degrees of mobil-
ity. The ATOP/M items have a capability stem and a corresponding capability set of
response items (e.g., “Are you able to...normally, without any difficulty, with a little
difficulty, with some difficulty, with much difficulty, unable to do”) and are given in
the present tense. The Activities domain has two related subdomains: Physical
Performance (mobility and lower extremity function) and ability to carry out
Instrumental Activities of Daily Living. The Participation domain is defined
as involvement in one’s usual social roles in life’s situations and activities. It
includes two subdomains that describe social roles such as work and family
responsibilities and more discretionary social activities such as leisure activity and
relationships with friends.

Respondents are asked to answer each item under two different conditions—with
device and without device. The instructions are presented as follows:

With device

For the following questions, you will be asked to think about how you usually do the
activity, with the use of a device. This device can be the primary one that you
identified during the previous part of the interview or any of the secondary mobil-
ity devices you identified.

Without device

You will now be asked to answer the same series of questions but this time thinking
about your ability to do the activity without any device.

The following are example items.
Activities

Physical Performance: Are you able to get around your neighborhood or town?
Instrumental Activities of Daily Living: Are you able to do yard work like raking
leaves, weeding, or pushing a lawn mower?

Participation

Discretionary Social Participation: Are you able to participate in active recreational
activities?

Social Role Performance: Are you able to go to classes or participate in learning
activities?

The ATOP/M yields two scores, one reflecting respondents’ mobility level while
using a device and the other reflecting their capability without it. As anticipated, the
domain and subdomain measures were lower when respondents rated task difficulty
when not using the device than when using the device. All item banks had acceptable
reliability, were essentially unidimensional, and had acceptable model fit for most items.
Evidence of validity was found in significant differences for persons using canes or
scooters compared with those using manual or power wheelchairs (i.e., the unaided per-
formance of wheelchair users was poorer than that of cane and scooter users).
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Some of the items proposed by the focus groups did not survive the psychometric
analyses. Although they had meaningful content for users, scores on these items did
not have distributions and other statistical properties that were adequate for scale
construction. These items concerned the effect of MAT on helping people to manage
their disability:

Are you able to... use different options for getting around?

Are you able to... get support from other people who have disabilities to help you
manage your disability?

Are you able to... get the services you need to better manage your disability?

Are you able to... get the information you need to better manage your disability?
Are you able to... use the Internet to find information that you need to better
manage your disability?

In proposing these items for the ATOP/M, focus group members described how
being effective at management meant that they could use their MAT to participate in
the face of significant challenges in their physical and social environments. In com-
parison, individuals who could not manage well reported that they abandoned MAT
or gave up choice and control in life participation (Hammel et al., 2012). Some
focus group participants described using many different types of MAT, conceptual-
izing them as sets or integrated solutions. They pointed to a need to evaluate MAT
outcomes in a way consistent with this reality rather than focusing on a single piece
of technology.

6.6 Discussion

The ATOP/M comprises items that reflect activities and participation in areas that
are important to users of mobility assistive devices. Items cover a wide range of
functional ability and reflect most categories of the ICF framework. The instrument
has excellent person and item reliability and no significant ceiling and floor effects.
The ATOP/M has been translated into Canadian-French, and its validity is being
further examined in several Canadian studies. A similar approach to instrument
research and development is under way in Europe and has shown promising results
(Brandt, Kreiner & Iwarsson, 2010; Brandt et al., 2008). It includes items derived
from the ICF framework and has used Rasch analysis for scale construction.

The development of the ATOP/M revealed that end-users have some expecta-
tions for the impact of mobility assistive technology that are not easily measured.
Assistive technology outcome assessment tool developers should consider ways to
address these expectations. It is also useful to employ a variety of methodologies.
For example, visual qualitative methodologies are increasingly being employed to
investigate issues related to health care (e.g., Riley & Manias, 2004), and these has
been successfully used with older adults (Lockett, Willis, & Edwards, 2005;
Magilvy, Congdon, Nelson, & Craig, 1992). One such method, which we are cur-
rently using to better understand user perspectives, is called Photovoice. Photovoice
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is a technique used by researchers and community members to represent their com-
munity (Wang & Burris, 1997) and to assess needs and study health promotion
topics (Wang, 1999). In this technique, cameras are provided to elderly MAT users
who are then asked to take photographs that portray, illustrate, symbolize, or
represent their lives. Researchers meet with the photographers to discuss the mean-
ings of the images that were captured, to understand life as seen by the photogra-
phers (Hurworth, 2003). The purpose of asking participants to collect photographs
is not to recreate or to illustrate empirical truths or reality; rather, photographs are
primarily used as a medium of communication between researcher and participant
about the impact of MAT. The use of photographs facilitates the involvement of
elderly research participants and makes them feel more comfortable discussing
issues that may be socially stigmatizing. Although the photographs may not con-
tain new information per se, they may inspire alternate meaning-making concern-
ing participation that may otherwise remain dormant in a face-to-face interview
(Prosser & Schwartz, 2004).

The broader context for assistive technology and active aging includes recog-
nizing when the need is not for functional assistance but for policy change. Many
of the factors that influence device adoption and use are directly or indirectly asso-
ciated with stigma. Assistive technology use may potentially draw unwanted atten-
tion to the user, resulting in embarrassment and fear of being identified as
“disabled” (Kaplan, Grynbaum, Rusk, Anastasia, & Gassler, 1966; Kochkin, 2007,
Mann, Hurren, & Tomita, 1993). Cultural considerations such as societal attitudes
about disability and the value placed on integrating individuals who use assistive
technology into society play a critical role in device adoption and use (Scherer,
Jutai, Fuhrer, Demers, & Deruyter, 2007). MAT may be a very helpful prophylactic
intervention for some elders who are experiencing a decline in physical capability.
Why should they wait until after they have had a serious fall, and related injury,
before adopting MAT? Measuring the effectiveness of assistive technology on
active aging should include the impact of public perceptions of device use on the
behaviors of elders.

6.7 Conclusions

The ATOP/M is a conceptually grounded instrument for measuring the outcomes of
mobility device use. The advances represented in this instrument are a clarified
conceptual model and precise measurement of outcomes by adaptively administer-
ing only questions that retrieve maximum information from the device user, thus
minimizing respondent burden. While the ATOP/M successfully measures the per-
formance of activities and participation that are important and meaningful to MAT
end-users, it does not address all MAT-related issues that are a concern to end-users
and may impact active aging. MAT users appear to prioritize a broader range of
functional activity, participation, and social/societal outcomes than is typically cap-
tured in questionnaires. This suggests the need for a tool or an item pool that
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includes this range of outcomes and considers differentially weighting the value and
importance of items.

MAT users appear to distinguish functional activity and participation from the
broader societal impact and value associated with active aging. New and imagina-
tive approaches to outcomes measurement are needed.
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Chapter 7
Using Technology to Support People
with Dementia

Gail Mountain

7.1 Introduction

The aim in this chapter is to challenge the commonly held assumption that once a
person develops dementia, they are no longer able to benefit from technology in a
full range of life domains—for example, for health, for entertainment, and for lei-
sure—as in addition to the commonly acknowledged role of assistance with safety
and security. For a number of reasons, the wider potential of technology is, as yet,
relatively unconsidered and unexplored for people with a dementia diagnosis. It is
argued that full recognition of the benefits technology could bring to people living
with this progressive, irreversible condition is long overdue.

7.2 Background

The impact that technology is having upon all aspects of our lives including work,
leisure, and recreation is already significant and is set to escalate in the very near
future with developments such as fast speed broadband, cloud computing, and
mobile devices of ever increasing sophistication. However, some sectors of society
are missing out on this technological explosion. This can be attributed to a number
of factors including lack of access due to geographical location, financial limita-
tions, or unmet need for education and support to use and maintain the technology
(Hill, Benyon-Davies, & Williams, 2008).
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Older people are one group who are less likely to take advantage of new technology
in comparison to other population groups despite the emergence of silver surfers.
Efforts are now being made to facilitate the digital inclusion of this sector of society,
for example, through promotional advertising and educational opportunities. It is
also recognized that helping older people to maintain community connectedness by
remaining integrated in social life is essential for health and well-being and that this
can be achieved through new technologies (Ballantyne, Trenwith, Zubrinich, &
Corlis, 2010). However, despite the increasing numbers of older people in society,
and the associated escalation in needs for health and social care, the specific require-
ments of older people tend not to be embraced by those developing and marketing
technologies.

Those older people who develop dementia are even more likely to be excluded
from technological advances even though they could arguably benefit as much if not
more than the rest of the population (Astell, 2009). Little effort is being made to get
this group connected, and use of commonly encountered technologies to promote
autonomy, independence, and enjoyment at all stages of the dementia trajectory is a
neglected dimension. A number of specialist devices have started to emerge in
recent years with the aim of ameliorating the impact of the illness and assisting
people to cope as well as possible. These include devices to assist with cognition,
rehabilitation, and functional abilities and to compensate for deficits (Bharucha
et al., 2009; LoPresti, Mihailidis, & Kirsch, 2004), but the full benefits that technol-
ogy might deliver to people with dementia and their carers are not yet exploited.
Given the limited consideration of how technology (both everyday and specialist
devices) can be used to assist those living with dementia, it is surprising there has
been little research to examine the potential benefits (Bharucha et al., 2009). This is
particularly so for those with early-stage dementia living in the community (Topo,
2007). As dementia progresses, people become increasingly dependent on family
and formal care providers to assist in meeting their needs. Therefore, a balance must
be stuck between the needs of people with dementia whose condition means that
they become less able to articulate their views, and those of caregivers who have a
significant role to play. It is notable that technology developers tend to ask carers for
their views regarding needs for, and the nature of, specialist technologies to com-
pensate for the problems arising from the illness in preference to asking those with
the diagnosis (Lauriks et al., 2007; Topo, 2007). Also, most studies have been con-
ducted in residential rather than community settings, and only a small proportion
are mainstreamed in practice.

Recognizing that people with the condition and their carers have their own dis-
tinct and individual needs and views is critical in designing technology that can
assist people with the diagnosis as well as those who provide care for them.
Accepting that these needs and views may differ is an important part of this process
and will allow us to go beyond safety and security to consider how technology
might help individuals to encompass the things that make life worth living, such as
accomplishment, engagement, and meaningful interactions with others. It is these
issues that this chapter focuses upon.
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7.3 Dementia in Society

Much has been written about the increasing numbers of older people globally and
what this means for individuals, for societies, and for populations. One of the well-
documented consequences of the aging population is the dramatic increase in the
numbers of people with dementia.

Dementia is an umbrella term used to describe a range of conditions character-
ized by progressive cognitive decline and associated changes in communication,
memory and perception, all of which undermine abilities for independent living
(National Institute for Clinical Excellence and Social Care Institute for Excellence,
2006). The trajectory of decline is highly variable from person to person and is also
dependent upon with which specific condition the individual is diagnosed.
Symptoms can be unpredictable creating significant challenges for the person when
trying to manage their illness on a day-to-day basis which can be further compli-
cated by changing levels of insight (Aalten, Van Valen, Clare, Kenny, & Verhey,
1995). Age is the greatest risk factor for developing dementia, and as the population
ages, the number of people with dementia is predicted to rise. Current estimates in
the UK put the number of people with some form of dementia at approximately
820,000 (Luengo-Fernandez, Leal, & Gray, 2010) with this number expected to
increase to 940,000 million by 2021 (Alzheimer’s Society UK, 2010). A similar
prevalence exists in Canada, where it is estimated that there are around 500,000
people living with Alzheimer’s disease or another form of dementia. This translates
into approximately one in 11 people over 65 and one in three of those over 85 being
affected. These projections are echoed globally, with the prediction being that num-
bers of people with dementia within the world population will double every 20
years to 81.1 million by 2040 (Ferri et al., 2005). The costs of care are expected to
rise concomitantly from recent estimates of £17 billion per annum (Alzheimer’s
Society UK, 2010). This includes both the direct costs of providing care and ser-
vices to individuals and the indirect costs of informal caregiving, which incorpo-
rates loss of workforce productivity by those with caring roles. Rising numbers of
those affected by various types of dementia and the extent and complexity of needs
they present are leading to escalating demands for health and social care with con-
sequent significant resource implications (MacDonald & Cooper, 2007) at local,
national, and international levels (Ferri et al., 2005).

Population statistics and projections do not always convey the heterogeneity that
exists among those who are diagnosed with dementia. They extend from those in
midlife with early-onset dementia to those who are very old. Some people with
dementia may have other health conditions, especially those who are already quite old
when they are diagnosed. Additionally, individuals who develop dementia come from
diverse cultural and social backgrounds, living circumstances, and networks of care.
Thus needs differ from person to person and it is difficult to predict longer-term
outcome. The resulting complexity of needs is one of the reasons for what can be
inadequate service responses. Most people with a dementia diagnosis live at home
for most of the course of their illness, typically cared for by family members
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(Luengo-Fernandez et al., 2010). As the person’s condition worsens, their reliance
on other people increases, often resulting in additional demand on health and social
care services as their relatives struggle to cope (Schneider, Murray, Banerjee, &
Mann, 1999).

7.4 Responding to the Needs Arising from Dementia

Societal and service responses to the needs of people with dementia are improving,
but there is a significant legacy of inadequate provision. The neglect of the needs of
people with dementia can be attributed to a combination of factors such as the previ-
ously described complexity of needs, past history of service provision within coun-
tries, the associated poor levels of funding for services, and patchy provision across
geographical areas within the same region or country. The combination of low soci-
etal perceptions combined with limited service development has led to a self-
fulfilling prophecy of minimal expectations, denial of opportunities, and resultant
loss of functioning (Graff et al., 2006).

Until very recently, dementia was a hidden topic of concern, rarely acknowl-
edged by policymakers, the media, or society in general. This marginalization is
illustrated by the lack of investment in services specializing in dementia diagnosis,
treatment, and care (Waldemar et al., 2007). It is demonstrated by inadequate man-
agement of people who have a dementia diagnosis in general hospital settings
(Harwood, Hope, & Jacoby, 1997). There has also been widespread neglect of train-
ing and education for staff working within services where people with dementia are
likely to present.

Late diagnosis can occur for two main reasons. Firstly, people who are experi-
encing symptoms of cognitive impairment can be fearful of the consequences of
diagnosis so do not seek it (Bond et al., 2005). Secondly, physicians and, in particu-
lar, general practitioners may be reluctant to diagnose (Downs, Clibbens, Rae,
Cook, & Woods, 2002). These problems can be attributed, in part, to the lack of
treatment options that used to exist; until recently diagnostic confirmation was
interpreted as meaning that nothing more could be done for the individual. However,
the increasing availability of medication (cholinesterase inhibitors) intended to
enhance memory function has proved to be a powerful force for change. As well as
providing some improvements in cognitive function for a period of time (Birks,
2006), the availability of this form of medication is changing perceptions of the
range and extent of help that can be offered to people. As a consequence people are
beginning to present earlier and clinicians can be more inclined to make the
diagnosis.

As previously mentioned, caregivers are frequently instrumental in enabling the
person to remain in the community rather than entering residential care. It is there-
fore not surprising that service provision post-diagnosis used to focus almost exclu-
sively upon the needs of family carers so that they are equipped to continue caring.
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Fig. 7.1 Downward spiral: Low expectations by others
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This could have the effect of accelerating loss of skills on the part of the person with
dementia as illustrated in the diagram (Fig. 7.1).

The most recent understanding is that people with dementia can live a quality life
and can be helped to retain skills and abilities for as long as possible. This involves
helping the individual to identify strategies to limit the impact of cognitive deficits
upon functional abilities and providing interventions such as cognitive training and
cognitive rehabilitation so that skills can be retained for longer (Kurz, Pohl,
Ramsenthaler, & Sorg, 2009).

Self-management by people with early- to middle-stage dementia is being
increasingly accepted as being a real possibility (Moniz-Cook & Vernooij-Dassen,
2006; Mountain, 2006). Self-management requires individuals to understand their
condition and use strategies to cope with their symptoms, so that independence can
be retained for as long as possible. It requires giving priority to the views and needs
of the person with dementia while taking account of their social and personal cir-
cumstances and the views of others, such as family members, who are directly
affected by the illness. Taking steps to ensure continued physical and mental well-
being is integral to successful self-management, but goals must be realistic and not
require a lifestyle or skill level that may be unattainable or unsustainable (Mountain,
2006). The self-management approach emphasizes the need to strike a balance
between the needs of people with dementia and those of family members fulfilling
a caregiving role (Mountain & Craig, 2012). It is in these domains in particular that
appropriate technology can make a significant contribution.

These changes in perceptions of how people with dementia might be assisted to
live a quality life are illustrated by the following statement from the UK Social Care
Institute for Excellence derived from the results of a practice-based project to pilot
the use of computers in day centers for people with dementia:

...people with dementia can engage in computer work at many different levels...the com-
mon misconception that people with dementia cannot learn new skills or be able to benefit
from being involved in interacting with computers ... is untrue.

Social Care Institute for Excellence: Good Practice Example 01
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A key element in changing societal perceptions of the abilities and needs of peo-
ple with dementia is the increasing number who are speaking up for themselves.
Interestingly technology, particularly the Internet, has played a part in this as
reflected in the growth of blogs and wikis created by people with dementia as illus-
trated by the following excerpts:

1 have taken up photography...it seems to be one of the few things I am still pretty good at
doing. This is our baby robin on his/her first day out of the nest...I love the little pin feathers
saying ‘I'm not quite finished yet...’ just like me. I am not finished yet either even though I
have recently been diagnosed with early onset dementia.

These poems especially help me to deal with my situation today. It helps me to put into
perspective where I am, who I am, what I am. Reading these poems helps me to define the
strengths I do have. The promise. It allows me to put behind me those unkind, unthinking
people who do not understand dementia...and me. (Quotes extracted from Health Central.
com, documenting dementia, 2008)

Another example is provided through the Internet-based Dementia Advocacy
and Support Network (DASNE) created by and for people with dementia which has
been in existence for several years.

This changing awareness of the abilities of people with dementia including the
increasing advocacy on the part of people with the condition is the backdrop against
which technologies are being introduced and mainstreamed. Nevertheless, to date
the bulk of technological applications for dementia has focused on addressing safety
and security issues, largely in response to the concerns of caregivers, with much less
attention paid to meeting other, and we would argue equally if not more important
needs such as communication and social participation. A review of how technology
is being developed and appropriated for people with dementia is provided in the
next sections of this chapter.

7.5 Technologies to Promote Health and Safety

Radical new solutions are sought by policymakers to manage the impact of aging
and long-term conditions upon services. Technology is perceived to be an important
means of delivering treatment and care within the constraints of health and social
care budgets (DoH, 2010). A new model of healthcare delivery has been identified
that does not focus upon acute care and is underpinned by information and com-
munication technologies (European Commission Information Society and Media,
2006). Within this model, technology to deliver interventions that promote health
and well-being is promoted as a highly satisfactory means of meeting the needs of
people with long-term conditions in individual, cost-effective ways (Liddell,
Adshead, & Burgess, 2008). As a consequence, both service commissioners and
providers are being encouraged to adopt the use of Telecare and Telehealth tech-
nologies for a range of long-term conditions.
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7.5.1 Telecare

Telecare is remote monitoring to manage risks, thereby assisting the individual to
live independently (Brownsell & Bradley, 2003). There has been a significant policy
push in the UK to introduce Telecare within social care services (DoH, 2006). The
majority of Telecare devices on the market are concerned with managing the func-
tional consequences of illness and disability and, in the case of people with demen-
tia, tend to compensate for failing memory and poor orientation, with a focus upon
promotion of safety. Increasingly, people with dementia are being viewed as ideal
recipients of Telecare technology; the UK National Dementia Strategy (DoH, 2009)
has an objective dedicated to housing and Telecare.

Examples of Telecare include community alarms to raise assistance, sensors to
monitor movement around the home, technology to remind the individual about
tasks in progress and prevent accidents such as leaving cookers on and taps running,
and devices to provide surveillance outside the home. As well as technologies being
stand alone, devices can be hardwired into the fabric of the house, creating a smart
home environment (Martin, Kelly, Kernohan, McCreight, & Nugent, 2008). Many
established Telecare devices such as community alarms and sensors in the home
were not originally designed for people with dementia but are increasingly being
offered as solutions to help a person with cognitive impairment to remain within the
community. However, the evidence base and in particular the social and financial
benefits have yet to be adequately demonstrated. Mainstreaming Telecare will pro-
duce better and cheaper solutions, but infrastructure requirements are a significant
consideration (British Society of Gerontology, 2009).

Given the previously described changing views of how people with dementia can
be assisted to retain skills and independence for as long as possible, it is disappoint-
ing to observe that much of Telecare deployment to date remains concerned with
providing carer reassurance (Astell, 2006) rather than meeting the needs of the indi-
vidual with the diagnosis. This reflects outdated modes of service delivery outlined
in the previous section where carer needs were prioritized over those of the person
with the condition. It also may be a reflection of the fact that many Telecare devices
have not been specifically designed to meet the needs of people with dementia.
Some work has been conducted to look at the specific needs of people with demen-
tia and how they might be met through Telecare; for example, ASTRID (a social and
technological response to meeting the needs of individuals with dementia and their
carers) was a European Union project that explored this. The project identified four
key principles for providing Telecare for people with dementia. These are (1) auton-
omy, people should be able to decide what they want to happen or be done to them;
(2) beneficence, we should try to do good to the people we care for; (3) non-
maleficence, we should try to avoid doing people harm; and (4) justice, people
should be treated fairly and equally (Marshall, 2000).

In the UK most Telecare equipment provision demands some degree of profes-
sional prescription, but this will change with the introduction of a retail model for
assistive technologies through the UK Department of Health initiative Transforming
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Community Equipment Services. This means that people in the UK will be able to
purchase certain technology from high street shops, whereas previously it could
only be obtained from specialist outlets and should lead to better access, improved
design, and more competitive pricing.

The complex ethical issues underpinning the use of technology with people with
dementia and in particular Telecare technologies are only just beginning to be
addressed. It has been suggested that innovations to enable people to be indepen-
dent while at the same time tracking their location dehumanize the person with
dementia by restricting their liberty and failing to take account of their views
(Hughes & Louw, 2002). Drawing upon the experiences of researchers working in
Europe and North America, Mahoney et al. (2007) identified the potentially con-
flicting views of different stakeholders and how they can manifest. For example,
technology developers can set aside the humanity of the person they are creating a
device for, those involved in reviewing technology research for ethical approval
might provide a biased opinion, and there is also a risk of family carers having unre-
alistic expectations of the technology so that the person with dementia is left at risk.
They pose a framework for what they term a humanistic and ethical approach
towards this form of research. The Nuffield Council on Bioethics (2009) has also
produced guidance for those involved in commissioning and providing services for
people with dementia including assistive technology.

7.5.2 Telehealth

Another form of assistive technology, Telehealth is concerned with the remote
delivery of health interventions through technology (Curry, Trejo, & Wardle,
2003). Telehealth is often confused with Telemedicine, which is use of technology
for medical diagnosis and consultations. In contrast, Telehealth is about active
intervention delivery. Examples include use of the telephone or videophone to pro-
vide support to those who are trying to change their health behaviors, for example,
to provide remote assistance with the maintenance of exercise for those with heart
failure (Paradis, Cossette, Frasure-Smith, Heppell, & Guertin, 2010). Another
example of Telehealth is specially designed technology for vital signs monitoring
by people in their own homes (Varnfield et al., 2011), and an increasing number of
devices are becoming available to enable these functions, for example, the Bosch
Health Buddy http://www.bosch-telehealth.com/content/language 1/html/55_
ENU_XHTML.aspx. As a result, Telehealth devices are being increasingly incor-
porated within healthcare pathways for people with long-term conditions and
particularly for those with diabetes, chronic heart failure, and chronic obstructive
pulmonary disease.

Despite the recognition that people with dementia frequently have to live with
other comorbidities, there is a lack of documented evidence regarding use of
Telehealth technologies with people with dementia for the purposes of managing
comorbidities and few practice examples within the UK. The only current
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references to use of Telehealth in the context of dementia are concerned with
meeting needs resulting from the dementing illness, for example, for providing
carer support (Glueckauf, Ketterson, Loomis, & Dages, 2004) or to provide specific
assistance with medication management (Smith, Lunde, Hathaway, & Vickers,
2007). This neglect of other needs such as physical health is a concern that is articu-
lated by people with dementia (Mountain & Craig, 2012).

7.6 Technology Development to Meet the Specific Needs
of People with Dementia

The previous brief sections on Telehealth and Telecare technologies illustrate the
neglect of the specific needs of people with dementia within the majority of main-
streamed technologies. However, there is a developing body of work to develop spe-
cific technologies that might benefit people with dementia and their carers.
A range of innovations to assist people are in progress, many of which have involved
people with dementia and their carers during all stages of technology development
which means that there is more likelihood of these devices meeting user requirements.

7.6.1 Involving People with Dementia in Device Development

Ensuring that the needs of the intended user are met entails involving the intended
recipients from the outset. The direct involvement of people with dementia in the
research process presents challenges for researchers and technology developers. To
be adopted, devices must be easy to use, reliable, affordable, and robust. The needs
of the intended consumer should inform device development from the outset and
must be an integral part of the entire process (Cahill, Macijauskiene, Nygard,
Faulkner, & Hagen, 2007). This is demanding but the benefits can be significant
and can completely change researcher-constructed design concepts; for example,
Sixsmith, Gibson, Orpwood, and Torrington (2007) consulted with people with
dementia to identify their needs and wishes which also took into account the practi-
cal issues that people were encountering in their daily life. The resultant ideas were
used to develop prototype technologies for leisure and recreation. Robinson,
Brittain, Lindsay, Jackson, and Olivier (2009) used participatory design method-
ologies with people with dementia to gain their perspectives on how technologies
might support safe walking and independence in the community. This involved
obtaining views from people with dementia (to provide a scope of the issues), suc-
cessfully engaging individuals in participatory design workshops and then in pro-
totype development. The conclusions drawn by the researchers involved in both of
these projects were that people in the mild to moderate stages of the disease are
able to provide meaningful feedback. Specific issues that have to be taken into
account include undertaking consultation in surroundings that are familiar to those
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being interviewed. The use of visual prompts during consultation can also be
invaluable in enabling participants to remain engaged in the process and to com-
pensate for memory problems (Mountain & Craig, 2012). In common with other
examples of good practice in engaging end users in technology development,
allowances have to be made for those who only want to be involved in a limited
way as well as for non-attendance due to illness and dropout. As Adlam, Faulkner,
Orpwood, Macijauskiene, and Budraitiene (2004) confirm, establishing and main-
taining this level of engagement requires specific skills which technology
developers need to nurture. Alternatively, technologists need to work within a mul-
tidisciplinary research team where skills in relating to people with dementia
already exist. Table 7.1 provides examples of technology from projects that have
involved people with dementia in the development process. As well as serving to
illustrate the range of needs that innovations are seeking to address, it also serves
to underscore the potential for involving people with dementia even in the later
stages of the illness.

Many of the technologies shown in Table 7.1 address two problems that people
diagnosed with dementia face: difficulty with initiating tasks and difficulty staying
on track once a task is started. For example, the work of Wherton and Monk (2009)
was concerned with investigating how to prompt a person with moderate dementia
to use the cooker dials correctly and safely while cooking. It involved working with
care home residents, supported by care workers who they knew well. Other exam-
ples in Table 7.1 go beyond the achievement of functional tasks. These include
promoting communication, interaction, and relationship building. The
INDEPENDENT project (Orpwood et al., 2010) was concerned with developing
technology to improve the quality of life of people with dementia. The previously
described wish list identified by people with dementia led to a number of prototype
devices. The most successful was the CD player for independent use by people with
moderate to severe dementia. As the authors describe, some of the design chal-
lenges were significant, particularly given that seemingly trivial design decisions
could result in confusion and inability to use the player.

7.6.2 Using Existing Technologies to Assist
with Independent Living

There is much potential in the application of existing, readily available technologies
to the needs of people with dementia as described in the practice guide produced by
a UK third sector organization, Dementia Voice (2004). The guide, developed in
consultation with people with dementia and their carers, describes how everyday
technologies can be used to promote safety and provide reminders together with a
consideration of the inherent issues such as ethics. Table 7.2 suggests how existing
technologies might be mapped onto three examples of self-management domains
for people with dementia (Mountain & Craig, 2012).
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Table 7.2 Examples of existing technologies mapped against three self-management domains
identified by people living with dementia

Domain

Elements

Examples of existing technologies
which might assist

Activities of daily
living

Keeping connected

Keeping physically
well

(1) In-home instrumental
activities of daily living
(IADL); cooking,
cleaning, gardening, using
phone; home security

(2) Community-based IADL;
using transport, shopping,
managing finances

(3) Home and community
safety

(1) Maintaining community
connectedness

(2) Accessing outside
opportunities

(3) Using transport

(1) Managing medication
(2) Eating and nutrition
(3) Sleep

Commercially available safety
devices—fire alarm/carbon
monoxide alert

Commercially available reminder
systems

Lost item locator

Video phone

Smartphone technology

Combined mobile phone/ GPS
technology

Door alarm

Video phone

Reminder systems

Internet social networking computer

Webcam

Combined mobile phone/ GPS
technology

Medication reminders/dispensers

Automatic reminders on fridge,
freezer, etc.

Commercially available daybreak
alarm clock

Motion-activated lighting

Another technology that is becoming increasingly ubiquitous in society, the

Internet, offers increasing opportunities for people with dementia and their carers.
Lauriks et al. (2007) identified four domains in which people with dementia can ben-
efit from ICT (including Internet use). These are information provision, support with
managing the symptoms of dementia, provision of opportunities for social interac-
tion, and monitoring for health and safety. The latter domain is of course linked to the
provision of Telecare considered above. However, it should also be acknowledged
that people with dementia can experience difficulties with using everyday technology
as described through the taxonomy developed by Nygard and Starkhammar (2007).
Furthermore the tendency to focus exclusively upon carer needs is being extended to
exploration of the potential that the Internet might offer, for example, use of webcam,
email, Internet, and social networking to support carers (Powell et al., 2010).

7.6.3 Using Existing Technologies to Enable Leisure,
Recreation and Enjoyment

The majority of the previously described technological applications tend to be
used to assist with the undertaking of daily living activities. However, in common
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with the rest of society, technology also offers opportunities for enjoyment and
socialization for people with dementia, for example, through mobile telephones,
computers, cameras, video, and tape recorders. For families living away from rela-
tives, these technologies can form an important link, such as this example from a
daughter living remotely from her mother with dementia:

Although I've lived in the States for the last two years I don’t think that I've ever felt quite

so close to Mum. No expectations, no pressures and a sense that throughout it all we were
connected, doing it together.

(Killick & Craig, 2012)

Clearly the communication and staying in touch potential of Internet and mobile
technologies is more relevant for people with dementia living in their own home,
but increasingly these technologies are also becoming available in long-term care
settings. The opportunities offered by existing technology, both for new learning
and as a way of enabling people with dementia to demonstrate their skills, are illus-
trated through the experience of James McKillop. James is a person with dementia
who took up photography after receiving a late diagnosis for early dementia. In his
book he describes how photography provides him with a powerful medium for self-
expression, illustrating this with his images.

As McKillop (2003) wrote in his book:

I wanted to raise awareness about dementia and show that people with dementia can
re-learn forgotten skills as well as learn something new.

7.7 Discussion

One aim of this chapter was to illustrate how societal views of dementia are inextri-
cably linked to the forms of technology that are recommended for those living with
the condition. The way that some specialist devices mirror the outdated view that
people are unable to make any meaningful contribution post-diagnosis is particu-
larly revealing and sadly still lingers in many areas of service provision. However,
there are also significant new forms of technological development which move
beyond devices whose main function is to provide carer reassurance to those that
enable a person with dementia to retain independence and self-efficacy and enjoy
life. This is an exciting new area for technology developers and is one that offers
great scope as brief illustration of recently prototyped devices indicates.

Also emphasized is the need to work with people with dementia so that devices
meet their changing needs. Addressing ethical requirements and concerns is another
significant area of consideration for both developers and those engaged in the sub-
sequent introduction of devices. This chapter also draws attention to evidence from
research and from practice that demonstrates that people with dementia can and
should be helped to use everyday technologies and also be encouraged to benefit
from the Internet. Use of existing technology reduces the temptation to place the
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focus on the technology rather than on the person. In this way technology is seen as
a tool and the means for engagement rather than an end in itself, although the initial
appeal of a technological tool or gadget may sometimes offer the starting point for
an interaction. Furthermore, engagement with everyday as well as specialist tech-
nologies can assist individuals to make the most of the skills they retain.

A number of recommendations can be identified out of the bodies of literature
and information used for this chapter if people with dementia are to be enabled to
benefit from technologies in common with the rest of society. Firstly all those
involved in technology for people with dementia, whether in a technology develop-
ment, commissioning, or providing role, must take time to understand the complex-
ity of dementia. This includes acknowledging the individual needs of people with
the condition as well as the needs of their carers. Resulting solutions have to match
the requirements of the individual and ideally be personalized. Secondly the direct
involvement of people with dementia in the entire research trajectory from needs
identification to testing in practice is essential if devices that people need and want
are to be made available. This necessitates the application of specific skills on the
part of researchers so that people with dementia are engaged in optimum ways. The
benefits can be significant and can completely change researcher-constructed design
concepts. The third recommendation stems out of the need to appreciate the com-
plexity of dementia and the essential requirement for user engagement. Best prac-
tice in engagement of people with dementia within technology development
demands multidisciplinary research spanning both technical and clinical expertise
so that the necessary skills are available. Industry also has a crucial role to play
within this many-faceted research.

Finally more thought needs to be given to the information needs of people with
dementia and their carers. A number of UK initiatives are now in place including
fact sheets on assistive technology through the UK Alzheimer’s Society and a dedi-
cated website to provide details of what is available and where it can be obtained
from. However, individual information needs differ and also the time when people
are most receptive to receiving it. Thus, there are several considerations here includ-
ing how to make people with dementia and their carers aware of what is available
and how to present information in the most accessible formats.

7.8 Conclusions

This chapter has only been able to touch upon the exciting but increasingly complex
debates concerned with technology and people with dementia. Over time there will
be an ever increasing range of everyday technologies that are capable of meeting
needs and providing leisure opportunities, even in the later stages of the condition.
This may negate the requirement for specialist devices and also promote the ability
of people to engage with devices rather than being passive recipients of technology-
led services.
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Chapter 8

Ambient Assisted Living Systems in Real-Life
Situations: Experiences from the SOPRANO
Project

Ilse Bierhoff, Sonja Miiller, Sandra Schoenrade-Sproll, Sarah Delaney,
Paula Byrne, Vesna Dolnic¢ar, Babis Magoutas, Yiannis Verginadis,
Elena Avatangelou, and Claire Huijnen

8.1 Introduction

The challenge of an aging population requires innovative approaches to meet the
needs of increasing numbers of older people within society (Sixsmith & Sixsmith,
2008). In particular, there is a need to move from a health and social agenda that
emphasizes dependency to one that promotes active aging and creates supportive
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environments to enable healthy aging in the settings where older people live (Sixsmith
etal., 2010). Emerging information and communication technologies (ICTs), such as
pervasive computing and ubiquitous computing, have considerable potential for
enhancing the lives of many older people throughout the world and helping them to
age in place (Sixsmith & Sixsmith, 2008). Ambient Assisted Living (AAL) refers to
ICT systems, products, and services that integrate sensors, actuators, smart inter-
faces, artificial intelligence, and communications networks to provide more support-
ive environments for frail and disabled older people (Mokhtari, Khalil, Bauchet,
Zhang, & Nugent, 2009; van den Broek, Cavallo, & Wehrmann, 2010). AAL has
been an important emerging area of research over recent years involving collabora-
tion between domain experts (health sciences, rehabilitation, gerontology, and social
sciences) and technical experts (engineering, computing science, robotics). Research
and development within AAL has aimed to develop applications and systems to
facilitate independence (van den Broek et al., 2010), such as activity monitoring to
detect potential emergencies, reminder devices for supporting and encouraging
mobility and activities of daily living, monitoring activity patterns as indicators of
change in cognitive and physical status, and smart interfaces to help people control
their everyday environment. The European research project SOPRANO (Service-
oriented Programmable Smart Environments for Older Europeans) developed sup-
portive environments for older people based on the concept of AAL.

The SOPRANO system is an innovative integration of several new smart func-
tionalities in the homes of older people. These functionalities allow the SOPRANO
system to be used for various purposes in different situations. However, it is intended
that users have a seamless experience in the sense that they perceive that they are
supported by a single system. A major aim within the project has been to move
away from technology-push and problem-focused approaches to user-driven
approaches and how to explore, visualize, and map out an AAL system that will
have practical benefits for users in their everyday lives.

In the final, field trials stage of the SOPRANO project, the subject of this chapter,
the focus was on evaluating the possibilities of the integrated system and on demon-
strating the spectrum of factors that influence the use of SOPRANO. The field trials
consisted of two parts: full function trials and large-scale field trials. During the full
function trials, the entire SOPRANO system was tested. Since the development was
not completed for every single part of the SOPRANO system, feedback from users
was gathered either as input to the design process and/or as evaluation on the
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functionality of the total SOPRANO system. Since some innovative parts of the
SOPRANO technology and services were still in the design process and were not
yet proven to be reliable, to reduce participant burden, the full function trials were
conducted in research facilities.

During the large-scale field trials, a subset of the SOPRANO system was installed
in homes of end users. Different service levels were used to provide support to the
users during the trials.

Acceptance is a key issue during field trials and is based on multiple factors that
are described in the Smart Home Technology Acceptance Model (Bierhoff, 2011).
It is important to differentiate between the acceptance of users exposed to the sys-
tem for a short duration in a laboratory during the full function trials and the accep-
tance of users who experienced the system in their natural environment and daily
life in the large-scale field trials.

This chapter starts with a description of user involvement, the SOPRANO sys-
tem itself, and the use cases that were developed. This is followed by a description
of the methodology and the framework used for analyzing the field trial results. In
the next section a description of the field trial sites and the different stakeholders
that participated in the field trials is given. This is followed by a description of the
preparatory work for the field trials and the results of both the full function and the
large-scale trials. The chapter concludes with an overview of lessons learned from
the SOPRANO project.

8.2 SOPRANO User Involvement, Use Cases, and System

The SOPRANO project adopted a user-driven approach to ensure that technological
development was usable, useful, and acceptable in the everyday life context of older
users. Research, development, and design by, with, and for users were implemented
at all stages of the product development life cycle. The focus on in situ use of
SOPRANO facilitated the move from a health and social agenda that emphasized
dependency to one that promotes active aging and creates supportive environments
to enable healthy aging in the settings where older people live.

8.2.1 Iterative User Involvement

Users were actively involved at all four stages of the SOPRANO development
process (see Fig. 8.1). The aim of the first stage, the elicitation of basic service
requirements, was to find out which situations in daily life threaten the indepen-
dence of older people or perceptibly limit their quality of life. Starting with an
inventory drawn up by experts, situations that can threaten the independence of
older people were collected. The inventory was complemented with information
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Fig. 8.1 Iterative development process in the SOPRANO project

from focus groups carried out with older people. Scenarios of new ICT-based
services to address key challenges to independence were then developed. These
included use cases—descriptive models—of how an AAL-based service can
interact with a user in relation to a particular problem scenario (e.g., reminding a
person about medication). Their purpose was to reflect not only the functional-
ities of the technical system under design but also the processes, actions, and
interaction with the system of various actors/agencies: informal and formal car-
ers, service provider agencies, GPs/hospitals, and the assisted older person her/
himself.

Multimedia mock-ups and theater plays were developed to show the use
cases to users during the first virtual prototype tests. Feedback from these was
used to refine and improve the components in the use cases. The improved com-
ponents were the subject of a second set of prototype tests that led to further
improvement of the components. In the last stage were field trials where the
system was installed and tested in laboratories (full function trials) and home
settings (large-scale trials).
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8.2.2 SOPRANO Use Cases

SOPRANO use cases do not merely reflect the development of a technical system
and components but include a strong reference to the social world within which the
person lives. This is crucial as the key to creating useful and acceptable technology-
based services is to understand how they are embedded in a person’s everyday life.
The following use cases were used in the SOPRANO field trials (the type of trial in
which each was used is shown in parentheses).

Medication reminding (full function and large-scale field trials): addressed the needs of
older persons experiencing light to moderate forgetfulness who have to take medication
at regular intervals and was targeted at improving adherence. For many older people,
the ability to remain independent in their home depends on their ability to manage a
complicated medication regimen (Dorman Marek & Antle, 2008). The full benefit of
the many specific medications that are available can only be achieved if patients follow
the prescribed treatment regimes reasonably closely (Osterberg & Blaschke, 2005).
Poor adherence to medication regimes, particularly for older people, contributes to sub-
stantial worsening of quality of life, disease, death, and increased healthcare costs
(Dorman Marek & Antle, 2008; Hayes et al., 2009; Osterberg & Blaschke, 2005).
Reminders have been found to improve adherence (Hayes et al., 2009; World Health
Organization, 2003). Older people can understand reminders spoken in a synthetic
voice, provided the prompt texts are well designed, use familiar words, and incorporate
redundancy (Wolters, Campbell, DePlacido, Lidell, & Owens, 2007).

At pre-set times (set by the person in charge of the medication regime) a reminder buzz will
sound to alert the older person to take the medication from the dispenser. Additionally a
reminder is either displayed on the TV (when turned on) accompanied with a synthetic
auditory reminder. If the dispenser is not opened, repeated alerts will be activated by the
system and after a certain period of time, an automatic message will be sent either to a
professional carer or an informal carer.

Remembering (full function and large-scale field trials): addressed users who expe-
rience increased forgetfulness in daily life situations, such as leaving the house
without closing the windows or door, forgetting the house key or leaving appliances
(TV, lights, etc.) running, and also forgetting important appointments. From
research, it appears that older persons worry about their diminishing memory
(Commissaris, Ponds, & Jolles, 1998), feel less in control of their memory function-
ing than younger people (Dixon & Hultsch, 1983), and are more upset when they
forget run-of-the-mill events (Cavanaugh, Grady, & Perlmutter, 1983). A number of
authors identify the loss of personal independence as a major concern for most
elderly people (Bayer & Harper, 2000; Mynatt, Melenhorst, Fisk, & Rogers, 2004;
Shafer, 2000; Starner, Auxier, Ashbrook, & Gandy, 2000). More and more AAL
projects address these needs by designing applications that explicitly aim at increasing
safety and well-being for elderly users (Rocker, Ziefle, & Holzinger, 2011).

When the user opens the front door to leave the house, SOPRANO checks the installed
peripherals to determine if anything was forgotten to be switched off. If there was something
still running, an alert message is displayed on the touch screen informing the user of the
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things that are not in order. The user can confirm that the warnings are read by touching the
button ‘I took care of it’. In case the user doesn’t touch this button a message will be sent to
an (in)formal carer. The user can also actively check the status of the house via the
SOPRANO menu on the TV. Further to this, the user or a family member living in the house-
hold can enter important appointments into the system, via the user interface, and the user
will be reminded of these appointments by SOPRANO.

Exercise facilitation (full function and large-scale field trials): focused on helping
older people to improve their general fitness level by regular physical exercise. In
order to improve cardiorespiratory and muscular fitness, bone, and functional
health and to reduce the risk of noncommunicable diseases, depression, and cogni-
tive decline, the World Health Organization (2010) recommends adults aged 65
years and above perform at least 150 min of moderate-intensity aerobic physical
activity or 75 min of vigorous-intensity aerobic physical activity per week, or an
equivalent combination of moderate- and vigorous-intensity activity. In SOPRANO
an avatar was used to show how the exercises should be performed. Several recent
studies (Kim, 2004; Ortiz et al., 2007) have concluded that conversational avatars
are a good tool for obtaining a more natural communication with a user.

Whenever the exercises are due, SOPRANO will remind the user and, when s/he has given
their consent, the exercises performed by an avatar will be displayed on the TV for the user
to follow. The first time the exercises are performed, a carer/physiotherapist will be present
to introduce the user to the new procedure.

Fall detection (full function trials): addressed older persons who are vulnerable and
at risk of experiencing falls in the home. About 30 % of people over 65 years living
in the community fall each year (Gillespie et al., 2008); 40 % of the people above
the age of 75 need medical treatment after a fall (Davis, Robertson, Ashe, Liu-
Ambrose, & Khan, 2010).

In case of a fall, the system will become active and first ask the user whether s/he is OK,
and if the user confirms, the alarm is cancelled. If not, an alert message will be sent to the
informal carer or professional carer (depending on the pre-set protocol) informing them
about the situation and asking them to look after the user. During the whole procedure,
SOPRANO will communicate to the user the steps it is taking to give them reassurance that
help is on the way.

Entertaining (full function trials): addressed users who are becoming less and
less active and are experiencing increasing boredom and loneliness. Loneliness and
social isolation are often associated with older age and have been identified as risk
factors for a number of health (both physical and mental) and related problems
(Byles, Harris, Nair, & Butler, 1996; Grenade & Boldy, 2008; Savikko, Routasalo,
Tilvis, Strandberg, & Pitkild, 2005; Sugisawa, Liang & Liu, 1994; Walker &
Beauchene, 1991). When providing interventions, it is important for service providers
to acknowledge and accommodate individual differences (Findlay & Cartwright,
2002; Hicks, 2000).

The system is configured by the care provider to include a profile of the user’s interests
including leisure time activities, favorite TV shows, local community events, etc. The system
is also configured to accommodate how often the user should be contacted, to ask how they
feel and if they need any suggestions for activities for the day.
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Activity monitoring (full function trials): addressed older people experiencing
deterioration in their overall health status due to unfavorable changes in nutrition.
The prevalence of malnutrition is relatively high in older people affecting over 10 %
of the population aged 65 years and above (Baeyens, Elia, Greengross, & Rea, 1996).

The system supports the user in developing more favorable daily routines by reminding of
meal times and suggesting recipes to be cooked.

Safety monitoring (full function trials): addressed users experiencing difficulties
related to sleeping who get out of bed and walk through the house at night, to make
a cup of tea or to watch TV. For many, aging is associated with decreased total sleep
time, increased sleep latency, and more awakenings particularly in the latter stages
of the night (Baskett et al., 2001). In terms of sleeping disorders, the focus in
SOPRANO was on sleep apnea.

When the user wakes up at night and gets out of bed, the SOPRANO system detects this via
the bed occupancy sensor and will turn on the light beside the bed to prevent the user from
stumbling and falling. After a predefined time of absence from the bed, the system will check
if the user is OK, or otherwise, send an alarm to the carer. This check will be based on data
from appliances (e.g. cooker on or off). Depending on the outcomes of the check, the system
will contact the user to ask if everything is OK and send an alarm to the care provider if
necessary. Sleep apnea can be detected without a person having to wear something on the
body by a radar that is installed above the bed.

8.2.3 SOPRANO Prototype System

For the use cases developed, a common hardware setup was created. This setup sup-
ported both the complete SOPRANO system shown in laboratories and the subset
of the system installed in real homes.

In the labs, all use cases were installed and shown in detail to the participants.
In general terms the use cases were divided into three categories:

1. Fully SOPRANO integrated (memory facilitating, fall detecting, medication
reminding)

2. Content based (exercise facilitating, activity monitoring, entertaining)

3. Very innovative (safety monitoring)

The home installations were comprised of a subset of the SOPRANO system: a
selection of use cases that were selected based on security and reliability, user-system
interaction, inclusion of carers, frequency of need, and the development of devices.
The system subset supported the following use cases: medication reminding, memory
facilitating, and exercise facilitating. A selection of the equipment used for the
in-home large-scale field trials is presented in Fig. 8.2.

Besides the equipment displayed in Fig. 8.2, a SOPRANO PC was supplied that
ran the services. Other additional devices were the TAPIT module to connect the
Connect+ to the SOPRANO PC, a video cable to connect the SOPRANO PC with
the TV, a TV tuner/frame grabber to feed the TV signal to the iTV module running
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Fig. 8.2 Selection of equipment used for large-scale field trials. (a) SOPRANO main menu
available on the TV. (b) Touchscreen installed next to the main entrance displaying warning mes-
sages when leaving the home in case home appliances are still running or windows are open.
(c) Remote control used to operate the SOPRANO menu on the TV. (d) Medication dispenser.
(e) Home telecare platform (Connect+) that receives messages from medication dispenser, electrical
usage sensor, fall detector, universal sensor and security red button. (f) Electrical usage sensor to
monitor the electrical consumption of home appliances. (g) Fall detector. (h) Universal sensor to
detect if a window or door is open. (i) Security red button

on the SOPRANO PC, and a remote control interface that received input from the
SOPRANO remote control.

8.3 Methodology for Field Trials

To decide which methods of evaluation to use in the full function trials and the
large-scale field trials, the well-established theory of care quality by Donabedian
(1969) and its extension into three quality perspectives by @vretveit (1992) offered
a fruitful approach. This model of evaluation defines a service in terms of inputs,
process, and outcomes to be evaluated from the perspectives of the clients
(patients), professionals, and managers. These three perspectives refer to the three
central stakeholders in care provision and allow quality to be evaluated from three
perspectives:



8 Ambient Assisted Living Systems in Real-Life Situations... 131

Table 8.1 SOPRANO multi-method approach to user-driven research

Stakeholder/
perspective Inputs Process Outcomes
Older person Personal Acceptability: Well-being
(client, patient)  characteristics: Is the assisted person Perceived
Psychological prepared to accept the independence
Physical system in everyday living  Remain living at
Cognitive context and what features home
are preferred or disliked?  Increased
Contextual Usability: participation
factors: How user friendly is the
Home system, what barriers
environment exist in its use, how well
Neighborhood does it fit the social and
living context of the
person?
Informal carer Support network Involved in some Reduced anxiety
SOPRANO use cases. Reduced stress

Also sees the effects on
the older person

Involved in some
SOPRANO use cases.
Also sees the effects on
the older person

Care professional Care services

(formal carer)

Improved quality of
service

Care management  Financial Integration of SOPRANO Reduced costs, e.g.,
resources use cases in care reduction in
provision hospitalization
Building/technical ~ Buildings Integration of SOPRANO Improved market
system in new and value of
existing buildings property

1. Patient quality: the service provides patients with what they want and expect,
during and after the service.

2. Professional quality: the service follows procedures and methods which are
thought to be most effective in meeting patients’ clinical needs, as assessed by
health professionals.

3. Management quality: the service uses available resources in the best way to
achieve patient and professional quality, without waste and within higher level
requirements.

This model was used to frame the evaluation of the SOPRANO system. Although
SOPRANO did not focus on clinical care, the service-oriented approach of the
model was still applicable. However, due to the nature of service delivery in the
home environment, additions were made to the list of perspectives. The perspective
of the informal carer was added because in the home environment, care provision is
often divided between self-care, informal care, and formal care. Furthermore, since
the SOPRANO system needs to be installed in the home, the perspective of building
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stakeholders, for example, a housing association or a property developer, is also
relevant. The chosen multi-method approach is displayed in Table 8.1.

8.3.1 Full Function Trials Methodology

SOPRANO aimed to find out how users accepted a very complex, integrated system.
To do so, in the full function trials, users were invited to laboratories where they could
experience the whole integrated system and give feedback. In the laboratories, use
cases were used to explore the possibilities and show the added value of the SOPRANO
system. By doing so, it was also possible to show the connectivity between different
parts of the system. Participants in the full function trials took part in a guided explo-
ration of the SOPRANO system, with some limited possibilities for free exploration,
or took part in an in-depth analysis of specific parts of the SOPRANO system.

The full function trials started with a pretest to evaluate (1) the equipment and
use cases, (2) protocols, and (3) the questionnaires. Testing the equipment and use
cases explored the integration of the components and the manner in which the use
cases could be presented. Besides the technical integration, it was also important to
decide how the interconnectivity between all components could best be shown to
future participants. Pretesting of the protocols and the questionnaires was com-
pleted in two steps. First, the plans for the guided tours and evaluation materials
were assessed by experts and their comments were taken into account. Second,
before the guided tours commenced, a group of older persons was invited to give
their comments on a preliminary version of the guided tour.

The participants for the subsequent guided tours included representatives from
the five stakeholder groups described in Table 8.1. The majority were older persons
who would be the main users of the SOPRANO system. The inclusion of stakeholders
who do not directly interact with the system, but who play a role in service delivery,
was a significant departure from previous research cycles.

In a second part of the full function trials, an in-depth analysis was conducted of
the graphical user interface (GUI) on TV and touch screen. The main aim was to test
how alterations, based upon improvements suggested by participants in previous
research cycles, were perceived. Additionally, some tests were performed on the
Admin GUI, which provided informal and formal carers with the possibility of
uploading information to the SOPRANO system.

8.3.2 Large-Scale Trials Methodology

To find out how users accepted the system at home in their own environment, user
homes were equipped with a subset of the SOPRANO system. To prepare for the in-
home trials, each site set up a test environment. The purpose was twofold. First, the
trial site would gain experience in setting up the system and could check if the system
met their own standards for installing technology in homes of service users. Second,
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when the system was running, potential participants could be invited to see it before
they made a final decision about whether or not to participate in the large-scale trial.

The large-scale trials involved older persons, informal carers, care organizations
(focus on user and technical aspects), and local installers. They each played a
specific role in the implementation process of the SOPRANO use cases in real
homes. The following are the steps in the process and the participants involved (in
parentheses):

» Setting up the test environment (care organization): This step involved the setup
of a test environment at each large-scale trial site.

e Visit to test environment (care organization, older persons, informal carers):
Users might have difficulties in imagining how the system would work. Therefore,
it was decided to invite them to the test environment and show them the system
to help them with their decision to participate in the trial.

e Technical checklist (care organization, local installer): This included a technical
assessment of the home, covering aspects such as Internet connection, TV set,
TV signal, and telephone line.

* Acquisition questionnaire (older person, informal carer): These questionnaires
contained the inclusion/exclusion criteria, and were used during the recruitment
process, in order to derive an appropriate sample of persons that could participate
in the large-scale field trials.

 Installation visit (care organization, local installer): In cooperation with the user,
carer, and local installer, a date was set when the SOPRANO system would be
installed.

e Preinstallation interview (older person, informal carer).

e Post-installation interview (older person, informal carer).

The preinstallation interview was an in-depth individual interview focused on
the attitudes, expectations, and technical experience of users and their informal
caregivers. The post-installation interview focused on users’ and informal caregiv-
ers’ overall impressions of the SOPRANO system, expectations, attitudes, and feel-
ings towards the system, perceived benefits and added value, and utility of the
SOPRANO system. Older persons reported upon their own experience trying out
the SOPRANO system. Informal carers commented on how they interacted with the
SOPRANO system and about the way the older person they cared for felt about the
SORPANO system, the changes it had made in the daily life of the older person, and
whether or not the older person was overstrained by the system.

8.4 Framework for Analyzing Results from Field Trials

During the field trials, a variety of responses from participants were collected. The
Smart Home Technology Acceptance Model presented below was used as the
framework for analyzing the information collected. A mix of quantitative and quali-
tative methods was used to evaluate these trials.
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8.4.1 Smart Home Technology Acceptance Model

The Smart Home Technology Acceptance Model (SHTAM) shown in Fig. 8.3 is
based on three models. The first, the USE-Model (Dewsbury, Sommerville,
Rouncefield, & Clarke, 2002), considers the concept of home as an interrelationship
among three overlapping spheres—the user, the system, and the environment. The
second was a model of the acceptability of assistive systems developed by
McCreadie and Tinker (2005), the most important aspect of which is what the
authors call felt need for assistance. Felt need depends on several user characteris-
tics, the housing type and design, and the interaction of these variables. The third
model was a reformulation of the Technology Acceptance Model (TAM) (Davis,
1989) that takes into account other theories about technology and behavior adoption
as the Theory of Planned Behavior and Uses and Gratifications Theory (Venkatesh,
Morris, Davis, & Davis, 2003). TAM suggests two factors as the principle anteced-
ents of attitude towards a system: perceived usefulness and perceived ease of use.
Many studies (Gardner & Amoroso, 2004; Lu, Yu, Liu & Yao, 2003; Nyseveen,
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Fig. 8.3 Smart Home Technology Acceptance Model (Bierhoft, 2011; Conci, 2008)
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Pedersen, & Thorbjgrnsen, 2005) confirm that a more situation-specific model
needs to be added to the TAM.

The SHTAM model is divided into three parts: individual, technology, and
service related. The individual part of the model combines the characteristics of the
user, the home environment, and the external environment. User characteristics
include demographic information and also information about the psychological and
physical condition of the person. The home environment part of the model includes
subjective factors related to the perception of safety and comfort in the home and
objective factors related to accessibility. The external environment part concerns
facilities, services, family, and other sources of support and social influence.

The conjunction level, between the individual and the intention to use smart
home technology and services, is called motivation to approach smart home tech-
nology. It is a transaction state that could be compared to the felt need for assistance
of McCreadie and Tinker (2005). The characteristics of the user, the home environ-
ment, and the external environment together influence the motivation of the user to
approach smart home technology and services. Motivation is related to expecta-
tions, attitudes, and feelings towards the system, in this case, the SOPRANO system,
before actually using it.

The technology part of the model refers to the actual use of the system and its
functionalities. The basis for this part of the model is the TAM with the two main
factors: perceived usefulness and perceived ease of use (Davis, 1989). A third factor
is added, namely enjoyment, which refers to the extent to which the activity of using
the system is perceived to be enjoyable in its own right, apart from any performance
consequences that may be anticipated (Davis, Bagozzi, & Warshaw, 1992).
Enjoyment is influenced by ease of use and will influence perceived usefulness
(Kwon & Chidambaram, 2000; Yi & Hwang, 2003). Perceived ease of use is defined
as the degree to which a person believes that using a system will be free from effort
(Davis, 1989) and is influenced by support (Phang et al., 2006; Venkatesh & Morris,
2000) and anxiety (Venkatesh & Morris, 2000). Perceived ease of use influences
perceived usefulness as an intention to use the system (Legris, Ingham, & Collerette,
2003). Perceived usefulness in this model consists of the benefit and added value of
the system and is influenced by perceived safety against unexpected events and
resource saving related to cost and time (Phang et al., 2006). A significant body of
TAM research has shown that perceived usefulness is a strong determinant of inten-
tion to use a system (Venkatesh & Morris, 2000).

Intention to use the system is influenced by the motivation to approach the smart
home technology and services (Gardner & Amoroso, 2004; Lu et al., 2003; Nyseveen
et al., 2005), perceived costs (Kleijnen, Wetzels, & de Ruyter, 2004), aesthetics
(Veryzer, 1995), privacy and loss of control (Wilkowska & Ziefle, 2011), and system
quality (Kleijnen et al., 2004). System quality is composed of reliability, flexibility,
integration, accessibility, and timeliness (Wixom & Todd, 2005).

Intention to use the system is reported to have a significant relationship with actual
usage (Legris et al., 2003). The actual use of the system also depends on the whole
chain of steps that occur behind it. It is not possible to evaluate a technological system
without also taking into account the network of people that need to offer assistance. In
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other words, evaluating a smart home system requires an assessment of all other factors
that it is related to, i.e., service providers and provided service. In the model, the assess-
ment of service provision is influenced by satisfaction, quality, and effectiveness.

8.4.2 Data Collected During Field Trials

During the full function trials, every participant filled in an acquisition questionnaire
before visiting the laboratory. The questions included in it were based upon the
individual-related part of the Smart Home Technology Acceptance Model. During
the introduction of SOPRANO, which was the starting point of the guided tour, the
project and the use cases were explained in detail. Participants asked clarifying
questions and commented on the use cases. After the demonstration of a specific use
case, each participant filled in an assessment questionnaire covering the technology
and service assessment part of the model as well as intention to use. During the
demonstration of the use cases, much attention was devoted to discussing the per-
ceived usefulness, perceived ease of use, intention to use, and service provision.
Minutes were taken of the discussions. During the usability tests, data were col-
lected by making notes of comments and observing participants’ actions when they
performed tasks while thinking out loud during a detailed walk through.

Additionally, during the large-scale trials, every participant filled in an acquisi-
tion questionnaire before the subset of the SOPRANO system was installed in their
home. Information regarding their technical experience, their expectations, and their
attitudes towards the SOPRANO system was collected during the pre-interview
with older persons and informal carers. The post-interview examined how the older
person and the informal carer used SOPRANO and how it impacted on their lives.
Besides these formal procedures, the user and technical experts from each trial site
made notes of their own experiences related to their own role in the implementation
process of the SOPRANO use cases in real homes.

8.5 Field Trial Sites and Participants

This section describes the locations for the field trial research and the participants
who took part in the field trials.

8.5.1 Field Trial Sites

The full function (laboratory) trials were conducted in three different geographic
locations in Europe. Consortium partners of SOPRANO were responsible for the
lab at each site. Smart Homes was the consortium partner responsible for the lab in
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Eindhoven, Netherlands; INGEMA in San Sebastian, Spain; and the London
Borough of Newham for the lab in Newham, UK. For the large-scale trials (home
installation), there were four sites. Archipel was the consortium partner responsible
for the homes in Eindhoven, Netherlands; Fundacion Andaluza de Servicios
Sociales (FASS) for the homes in Malaga, Spain; the West Lothian Council for the
home in West Lothian, UK; and the London Borough of Newham for the home in
Newham, UK. The following figures provide an impression of activities at the
different field trial sites (Figs. 8.4, 8.5, and 8.6).

8.5.2 Field Trial Participants

Participants who took part in the field trials for SOPRANO were experts from the
consortium, local installers, older persons, informal carers, formal carers, and other
stakeholders. Involving a broad range of stakeholders was seen as important for
establishing the impact of SOPRANO from the multiple perspectives of those
involved in delivering care.

A distinction can be made between experts from the consortium who took part in
the user-related research and experts who were involved as technical experts.
Professionals who work in the field of assistive technologies and user-system inter-
action experts were involved in assessing the integrated SOPRANO system. They
were responsible for the final check of the SOPRANO system before other stake-
holders were invited to take part in the field trials.

Experts in user-related research were an interdisciplinary team of researchers
consisting of user-system interaction specialists, psychologists, and gerontologists.
Their role was to fine-tune the way the use cases would be shown and implemented
and to have a detailed look as to how the suggested methods would work out in
practice with the current status of the SOPRANO system.

To set up the full function sites as well as the test environments at the large-scale
sites, a local technical expert was engaged. The technical expert was in close contact
with SOPRANO technical partners when setting up and testing the SOPRANO sys-
tem. Problems related to the functioning of the use cases and practical installation
issues were detected and solved.

In preparation for the installation in older persons’ homes, the local technical
expert visited each property to assess if the home was suitable to take part in the
SOPRANO research and to make sure that all technical preconditions were met
before the actual installation. Local installers were responsible for equipment instal-
lation and ongoing support during the trial period.

The other stakeholder groups who participated in the field trials represent the
multi-method approach to user-driven research as presented in Table 8.1 and are
described below.

A total of 189 older persons took part in the SOPRANO field trials; their mean
age was 74. When asked if they experienced any aging-related problems, 31 % indi-
cated that they did not. Among the participants who did face problems, most were
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Fig. 8.5 SOPRANO full function trials in Newham (fop photo) and large-scale test environment
in Eindhoven (bottom photo)
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Fig. 8.6 SOPRANO large-scale research in Malaga (top photo) and West Lothian (bottom photo)

related to declining physical health and mobility, fear of crime, forgetfulness, and
financial difficulties (see Fig. 8.7).

Only a few people took no medication (n=19). The majority of participants
(45 %) took more than four types of medication (Fig. 8.8). Participants were
aware of the reasons that they needed to take medication. Most health problems



8 Ambient Assisted Living Systems in Real-Life Situations... 141

0% 5% 10% 15% 20% 25% 30% 35%
[ |

Declining physical health/mobility

Crimef/fear of crime

Forgetfulness

Financial difficulties

Mental/psychic problems

Lack of respect from society

Loneliness/isolation

Boredom/nothing to do

Having to go into an old person’s home

Problems with the health service

Fig. 8.7 Problems experienced by older persons (n=137, use cases in general)

50%

45% — — — — — — —
40% -

35%

30%

25% -

20% )y : :
15% | . .
10% -

5% | .

0% - : : _

More than 4 types of medication 2-3 types of medication 1 type of medication No medication

Fig. 8.8 Number of medications taken (n=166, use case medication)

reported were related to high blood pressure, high cholesterol, heart rhythm
disorder, and diabetes.

Regarding self-reported forgetfulness (Fig. 8.9), categories were as follows:
1=never or a few times per year, 2=a few times per month, 3=a few times per
week, and 4=every day. The number of participants who reported some form of



142 I. Bierhoff et al.
Never Every day
1 2 3
Forgetting where you have put something [N
Checking whether you have done something... _
Forgetting to take something with you... _
Forgetting where things are normally kept _
Problems to find the words to express what you... _
Repeating to someone what you have just told... _
Unable to follow the thread of a story _
Not finishing routines -
Doing some routine things twice by mistake -
Getting lost/turning in the wrong direction -

Forgetting things like personal hygiene/regular... -
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Fig.8.10 Forgetfulness among the older people (assessed by their informal carers, n=28, use case
remembering)

memory problem was very low. Among those who did report problems, the most
common were “forgetting where you have put something” (mean=1.81; s.d.=0.88)
and “checking whether you have done something that you meant to do” (mean=1.74;
s.d. =0.69).

In addition to the older persons’ self-assessment of forgetfulness, the informal
carers were asked to provide a more “objective” external judgment. According to
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the informal carers (see Fig. 8.10), the assisted persons most often tended to repeat
the same things (46 %) and questions (43 %) over and over again. It is also worth
mentioning that 43 % of the carers had trouble learning how to use a tool or
appliance.

The average age of the 28 informal carers who participated was 55 years. In rela-
tion to the relatives whom they looked after, a significant number of informal carers
either lived in the same home (n=10) or resided less than 5 km away (n=11). Most
informal carers visited and/or called their relative daily or at least several times per
week. The majority of informal carers (63 %) reported that they “do not feel
strained” in caring “for and about” their relative, whilst 15 % indicated that they felt
very strained by caring for and about their relative.

The group of formal carers (n=24) who took part in the full function guided
tours represented a diverse group. In terms of expertise, the following jobs/disci-
plines were represented: care and service consultants, case managers, specialists in
gerontological nursing, psychologists, geriatric physiotherapist, and occupational
therapists.

The care management group (n=11) consisted of representatives from care
provider organizations, decision-makers responsible for establishing care strategies,
and those responsible for administering and managing budgets. The building/
technology group (n=10) consisted of representatives of installation companies,
housing organizations, property developers, builders, and suppliers of smart home
technology.

8.6 Field Trial Results

This section highlights the key findings of the SOPRANO field trials. It starts with
a description of the delicate process of moving the SOPRANO system from a labo-
ratory environment into real homes. The results of the field trials are then presented
using the Smart Home Acceptance Model as the conceptual framework. When ana-
lyzing the results, an equal amount of attention was paid to similarities as well as to
differences between the trial sites, since differences are equally important when it
comes to implementing technology in real life.

8.6.1 From Laboratory to Real Home

The process of moving technological innovations out of the laboratory into real
homes is very delicate and must not be underestimated as the following examples
highlight.

Several pretests were planned for the full function trials. Testing the equipment
and use cases focused on the integration of the components in the demonstration
home and the way the use cases could be presented. Specific attention was paid to
the integration process of the available technology. Results of this test were valuable
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not only for the full function trials but also for the large-scale trials. Besides the
technical integration, it was also important to decide how the interconnectivity
between all components could be shown in the best way to future participants. With
respect to the actual conduction of the research, the pretest focused on the test pro-
tocols and the questionnaires. The workflow for the full function pretests is shown
in Fig. 8.11.

During the integration process, it became apparent that components communi-
cated with each other but the fine-tuning was missing. Some of the actions required
were just simple tests to check for inconsistencies and to make sure that those details
were covered in the technical components; others were more serious and related to
the stability of the system. Initially it was anticipated that issues and problems with
the SOPRANO system would be identified and overcome during the full function
trials. In practice, while some issues concerning the integration of the components
and stability of the system were resolved, others, mainly related to the stability of
the system, remained. During the full function research, integration issues could be
overcome by the use of simulating techniques, and stability issues had a minor
impact due to the fact that a moderator showed the use of the use case. However,
these solutions could not be used in the large-scale trials where the SOPRANO
needed to run as a stable system 24/7 without any interference by a moderator.
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Each large-scale trial site set up a test apartment to gain experience with setting
up the subset of the system and to check if it met their own standards for installing
technology in homes of service users. After this check, potential participants were
invited to visit the test apartment. Older persons were very engaged and curious
during the visit and reported having a greater sense of confidence in being able to
use the equipment after the visit. Informal carers felt that the visit gave them a
deeper understanding of how the system worked and how it could support their
loved ones.

The work of the local technical experts was vital to the success of the field trials.
They were the local contact point for participants and care personnel, solved minor
issues, and cooperated with SOPRANO technical experts in case of major issues.

With respect to the actual installation, it became clear that each home was different.
All sites reported that in most cases the technical checklist was sufficient to meet the
preconditions but it was not detailed enough to cover all the differences between
individual homes.

8.6.2 Individual

The characteristics of the older persons who participated in the field trials, and com-
ments made by other stakeholder groups, indicated that the SOPRANO system
would be of most benefit to older people who were in the early stages of decline, yet
retained medium to high levels of mobility and independence, although requiring
some level of care support.

Older persons saw their home as an important place, evoking a strong sense of
identity through feelings of attachment, familiarity, and belonging. Home was
somewhere they wanted to remain and evoked happy memories. Therefore, it was
very important that the system did not take over the environment and that the
characteristics of the home remained as they were before the installation. People
were also worried about assumptions that visitors might make upon seeing the
system, creating a stigma that they were in need of care.

A general comment was that buildings are often not suitable for the current
demands of their residents. In relation to the fall use case, formal carers commented
about the importance of removing loose carpets and about placement of furniture,
and wires, in preventing falls.

Older people had the feeling that technology could help support their indepen-
dence: “I am always relying on others and my family. Technology means I can move
from dependency to independency.” Informal carers living at a distance indicated
that technology could give them peace of mind when they are not able to visit.
However, family members also valued the role of service centers and care organiza-
tions in ensuring that there was assistance and intervention when required.

Figure 8.12 shows the support older persons currently received. They expected
the system to help them to live longer into old age through supporting them to live
independently within their own homes. They had high levels of motivation for
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involvement in the trial. This originated from a feeling that they were being involved
in something that would benefit them and other older people in the future. They
envisioned the system to be easy to use and responsive even in the event of break-
down and expressed the need to have access to a local contact should the system
fail. Informal carers reported high levels of motivation arising from the potential
that the technology would provide an extra layer of support for the people they were
caring for.

8.6.3 Technology Assessment

With respect to enjoyment, all participants showed enthusiasm for being involved in
the trials and in trying something new. Furthermore, they responded enthusiastically
to features of use cases they found appealing. For example, an older person
responded to the exercise use case: “It’s like I've got a personal trainer in my
home!”

In terms of the perceived ease of use of the interfaces, the usability tests and
actual use in real homes indicated that the participants had a positive perception
regarding the ease of navigation through the menus on the TV and touch screen,
the use of the remote control, and comprehensibility of the icons and text on the
displays. Difficulties were experienced by informal carers when filling and pro-
gramming the pill dispenser and with manually putting data into the administra-
tor module. Additional support was needed for performing those two tasks. Related
to the content of the use cases, some participants clearly described the interconnec-
tivity between the different system components which promoted ease of use and
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prevented unnecessary alerts. For example, “If the medication is taken you won't get
the notification on TV, so they communicate. I think that is good.” Also recommen-
dations were made to improve ease of use: “The instructions aren’t clear enough for
some of the specific exercises. This can be dangerous and an older person could
fall.” Participants did not initially feel anxious about using the SOPRANO system.
However, increased levels of anxiety were reported due to the false alarms, system
malfunction, and interference with the Internet and television.

While the general opinion was that this was a good system that satisfied older
persons’ needs, during the large-scale field trials, many users found it difficult to
evaluate the perceived usefulness of the SOPRANO system because the system was
unstable and there were frequent crashes, while other functions did not work at all.
However, users felt that there was significant potential in the system in supporting
them to live independently when it was functioning efficiently. A striking difference
was noted in the fall detection use case. A person who has fallen once commented:
“From previous experience this seems pleasant.” A person who had not fallen com-
mented: “Very useful if you are ready for it.” It seems, in other words, that people
have to cross a certain threshold to admit that they need the fall detection subsystem.
On the other hand, the SOPRANO system was seen as having potential to increase
the security and safety of older people and reduce property crime: ““I thought I had
closed the windows. However the SOPRANQO system triggered an alarm when I left
home, making me come back and close the window.”

8.6.4 Service Assessment

A major issue about service assessment was related to the question “who is respon-
sible for what?” The following example highlights some of these concerns in rela-
tion to the medication use case. Experts, (in)formal carers, and older persons raised
the question of who would be responsible for filling the pillbox. Care management
commented that it would be: “Difficult from a practical point of view. Who will take
care of filling the pill dispenser? Home care employees don’t have permission to do
it.” Older persons commented: “The person who fills this must know what is needed.”
The medication use case also needed to be responsive to changes in the medication
plan. Weekly changes were often made to prescriptions and these would need to be
reflected in the medication use case. One participant commented: “what in case of
sudden changes to the medication plan?”

A second point raised was that the focus should be on integrating SOPRANO
services in the entire palette of service provision towards an older person. Participants
felt that it was currently difficult to align the work of general practitioners, health-
care professionals, and formal carers and that the introduction of the SOPRANO
system added another layer of complexity.

Thirdly, participants felt that there was a need to ensure that a procedure was in
place in the case of a system breakdown, whereby technical support would visit to
repair any problems. There was a need for this service to be responsive, to ensure
that the safety of the older person was not compromised.
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8.6.5 Intention to Use and Usage Behavior

A key aspect mentioned in relation to the intention to use the system was the notion
of personalization. Older persons felt that the SOPRANO system needed to be tai-
lored to the individual needs of the user. This would ensure that redundant aspects
of the system were removed if they were not needed and that these elements could
be added if the needs of the older person changed.

Participants were concerned about who would bear the responsibility for the
costs of the system. Costs included ongoing energy costs, hardware costs, mainte-
nance, and updates. It was difficult for older people to determine if the costs out-
weighed the benefits, especially for those who reported higher levels of mobility
and positive health: “You don’t know at this moment if it’s worth the investment.”
Care management and representatives from the building and technology sector
stated that they were convinced that by integrating these kinds of systems in
buildings and care provision, money could be saved on installations, costs of build-
ings, and costs of care provision. Dependency on technology was an issue raised by
participants. There was concern that the system may suffer a malfunction and that
the older person would be endangered if they were dependent on it for daily
functioning: “You get dependent from all of this, for instance what happens in case
of an electricity failure?” In the large-scale trials, participants had initial concerns
that the system might be “doing the thinking” for them and that it would replace
independent decision-making. However, when engaging in the trial, older persons
indicated that they did not see the reminders as losing a sense of control; rather they
welcomed the suggestion to do exercise, thereby encouraging independent action,
as opposed to dependency. Informal carers felt that future technologies might help
when caring for older people, enabling them to remain at home longer. However,
they stressed that: “Technology shouldn'’t replace people. People need people.”

All participants had the intention to use the system, but actual use varied across
participants. High levels of acceptability were reported because they could access it
at any time of the day. The flexibility of having a system within the home environ-
ment, which they could use in and around their everyday commitments, was wel-
comed. User ratings of whether they would use the SOPRANO system in the future
were affected by the ongoing instability of the system. For example, an older person
at one of the large-scale trial sites commented: “If reliability issues are resolved 1
would consider having it long-term.”

Figure 8.13 shows some of the participants taking part in the field trials of
SOPRANO.

8.7 Lessons Learned from the Field Trials

All stakeholders who took part in the research demonstrated a willingness to be
involved in the application and development of the SOPRANO system. They
demonstrated high levels of motivation when using the technology and being
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Fig. 8.13 SOPRANO field trial participants, using an exercise avatar (fop photo) and touch screen
technology (bottom photo)

engaged in the research. This originated from an enthusiasm to assist in research
that might potentially benefit older persons to live independently in their own homes.

Older persons felt that an increased sense of independence resulted from the ability
to undertake activities of daily living and technology was perceived as an interven-
tion to assist them in that. Yet, older people revealed a dilemma in retaining a sense
of independence while realizing the need for intervention and care. Independence
and dependence are not fixed and often had to be negotiated as the needs of the older
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person change. This is closely linked with the issue of personalization to ensure that
services are suitable to the unique and changing needs of the older person.
Furthermore, a flexible approach to care is needed, making it possible to easily
switch between levels—self-support, assistance of an informal carer, and assistance
of a formal carer. Ongoing issues with the reliability of the SOPRANO system
prevented the concept of independence and personalization from being explored
further. However, based on these observations, further work on the influence of the
amount of personalization and adaptability on perceived usefulness is expected.
This is strengthened by the fact that most of the participants indicated that they were
not ready to use a system like SOPRANO yet, as it provided more support than
needed at the moment.

Another variable in the Smart Home Acceptance Model that is in need of further
investigation is aesthetics. Several comments, especially during the large-scale
trials, were made concerning the stigma associated with assistive technology and
the negative assumptions visitors might have when seeing the system.

Participants identified the potential for SOPRANO to bring about changes in
existing modes of care delivery. Older people felt that such a system could enable
them to be more independent, alleviating the care burden upon informal carers.
However, they did not want this to result in less face-to-face contact with informal
carers, as this was an important source of social support. Informal carers reported
that assistive technology would help alleviate the worry and stress of caring for
older people, providing an extra layer of safety and security. The technology also
had the potential to increase the quality of time that informal carers spent with older
people as it reduced the burden upon them to be caring for the older person.

In relation to service delivery, additional attention is needed to align the respon-
sibilities of all involved in care delivery to an older person. A precondition for this
is that a focus on integrated care should include technological possibilities.
Procedures should also be in place for maintenance and problem handling.

8.8 Conclusion

The focus of the SOPRANO project was on promoting active aging and health by
moving away from dependence. Participants indeed reported that a greater sense of
independence for older persons could be achieved when using SOPRANO. However,
many felt that they did not need the system right now.

By starting the user-centered design process and looking at key challenges to
independent living, the approach was very much problem oriented. An addition to
that approach could be one that focuses more on things that make people happy and
are considered to be leisure and fun.

There is often the assumption that a system operating effectively within a lab envi-
ronment will do so within the home, yet there are a number of situational and contex-
tual factors which impact on system reliability. A simplified and evolutionary
approach to trialing new technology would be one that allows participants to learn
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and use individual components, progressing to an advanced stage only when the older
person feels comfortable and when the operability of the system can be guaranteed.
This gradual installation process could start with leisure-oriented services.

With respect to adoption of the developed technology and service after the con-
clusion of the research project, care organizations should consider offering services
not just because the client is in need of care but because the client is willing to pay
for additional comfort.
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Chapter 9
The Virtual Environment in Communication
of Age-Friendly Design

Eunju Hwang, Andrew Park, Andrew Sixsmith, and Gloria Gutman

9.1 Introduction

There is a mismatch between the design of many communities and the needs of
older persons. Many communities are designed for people who are at work during
the day and at home during the night. Their main travel method is by car. Typically
the connectivity and walkability between housing and services, such as doctors’
offices and grocery stores, have not been a priority. However, with the increasing
number of older persons aging-in-place, many communities are in the process of
major transformation of their environments to be more supportive and age friendly.
To date, over 100 local communities across Canada are engaged in Age-Friendly
Communities (AFC) activities and five provinces have identified AFC as a priority
(PHAC, 2010).

Obviously, well-designed communities facilitate various types of activities in all
age groups. There is evidence that certain built environmental attributes (e.g., avail-
ability of facilities, infrastructure design, street patterns, destinations, traffic, green
space, and population densities) are associated with sport, physical, and community
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activities (Frank, Engelke, & Schmidt, 2003; Frank, Schmid, Sallis, Chapman, &
Saelens, 2005; King, 2008; King et al., 2005; Lee, Cubbin, & Winkleby, 2007;
Mota, Lacerda, Santos, Ribeiro, & Carvalho, 2007). However, these studies to date
have failed to provide strong evidence regarding the benefits of environmental
interventions in terms of increased levels of participation in sport, physical, and
community activities.

A key problem in planning research is that experimental studies require the
implementation and evaluation of actual infrastructure change. A virtual environ-
ment (VE) provides a potential solution to the problem and a useful approach to
study interventions designed to promote active aging and participation. VE refers to
a simulated, computer-generated, interactive environment of either a real or a hypo-
thetical location. In urban planning, VE has been used to share ideas and to com-
municate with the public at early planning stages. The technology encourages
public participation in the planning process (Decker, 1994) and computer-simulated
animation tends to foster more communication compared with the traditional pencil-
and-paper approach (Levy, 1995). The action-oriented nature of perception in navi-
gation and communication has been emphasized since the early study of VE (e.g.,
Gibson, 1986). Additionally, many pencil-and-paper assessment tools have been
criticized for inadequate reliability and ecological validity in contexts detached
from the real environment (e.g., Rizzo, 2001). The major obstacle to making real-
world design tools has been the cost of these projects. Nevertheless, VE offers a
useful tool for demonstrating design features that facilitate or impede active partici-
pation and identifying user preferences before actual implementation of an infra-
structure change. Changes of perceptions, design ideas, and solutions can be
reflected in the various developmental stages when VE is used.

A VE tool can also be used for assessing the built environment when navigating
a real one is challenging or problematic. As we grow older, our environment has a
direct impact on our quality of life (Lawton, 1986). A number of barriers to walking
have been identified for older persons including the lack of sidewalks, poor mainte-
nance of sidewalks, poor lighting, and increased street crime (CFLRI, 2004). These
factors are particularly relevant to older persons living in low socioeconomic status
(SES) neighborhoods (which are very often high crime areas) and in which physical
activity levels are found to be significantly lower compared to those of medium to
high SES neighborhoods (Parks, Housemann, & Brownson, 2003). In low SES
neighborhoods, the major barriers, resulting in low physical activity levels, include
poor-quality street maintenance and vandalism (Heinrich, Lee, Regan, et al., 2008;
Mota et al., 2007) and, as previously mentioned, crime. Taking older people to such
potentially fear-generating real environments to test potential design interventions
can be problematic and unethical. Computer-generated VE enables them to take a
virtual walk there. While navigating the VE, it is possible to observe the interaction
between participants and selected elements of the physical environment that might
be altered to creat a more age-friendly community.

There is a clear need to study whether changes to the built environment are
likely to result in behavioral variance before expending large amounts of funding to
implement them. Older adults’ daily activity patterns need to be studied in the
context of low SES neighborhoods and cultural settings. In addition, the main concept
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of AFC is that the perspectives of older adults are valuable at all planning stages. It is
now required that their voices be heard and that their needs are reflected in the
decision-making process and local planning (BC Ministry of Health Services, 2010).
The next section of this chapter shows how a VE has been developed and used in a
low SES, ethnically concentrated urban neighborhood to achieve these goals. Our
specific objectives were to identify the key AFC aspects in the selected neighbor-
hood, to evaluate the built environment of the neighborhood, and to develop a VE for
communicating seniors’ input at all the community planning stages.

9.2 Study Site

The site is in Vancouver’s downtown Chinatown area. Protected as a Historic Area
District, the Chinatown area is the oldest neighborhood in Vancouver. The core part
of Chinatown is two kilometers extending from the intersection of Pender Street and
Columbia Street and bound by Carrall, Gore, Union, and Hastings Street (City of
Vancouver, 2009). Chinatown is located very close to the Downtown Eastside of
Vancouver, an area associated with the drug trade, drug use, and high crime rates
(Anderson, 2007). This is the poorest neighborhood in Vancouver and all of Canada
(Walks & Maaranen, 2008). At the same time, this is one of the neighborhoods with
the highest percentage of seniors in Metro Vancouver (City of Vancouver, 2010).
The site also offers various environmental encounters such as different destinations
and crossing roads and has gone through the Chinatown Community Plan (CCP):

(http://vancouver.ca/commsvcs/planning/chinatown).

One of the priorities included in the CCP has been to make Chinatown more
age-friendly.

9.3 Procedure

To identify community needs and AFC priorities, we used mixed methods: in the
first phase of the study, a focus group interview; in phase two, environmental audits;
and in phase three, oral narratives.

9.3.1 Focus Group

The purpose of the focus group was to learn about any recent general and AFC activi-
ties in Chinatown. The participants, nine in total, were comprised of older residents
of Chinatown, service providers, volunteers, and retired planners. The opening
question was “What is an age-friendly community?” This was followed by questions
that probed their perception of the most important aspects of AFC and explored what
has been done to promote AFC in the Chinatown area. The focus group interview
took two hours and was facilitated in Chinese and translated into English later.


http://vancouver.ca/commsvcs/planning/chinatown
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Fig. 9.1 Study site, Chinatown, Vancouver, BC

9.3.2 Environmental Audits

From the focus group interview, we learned that core activities for seniors happen
between the United Chinese Community Enrichment Services Society
(S.U.C.C.E.S.S.) Community Center and the T&T Supermarket (see Fig. 9.1) where
four seniors housing projects and local amenities are located. Using the Seniors
Walking Environmental Audit Tool-Revised (SWEAT-R), we assessed walkability
of seven street segments between the S.U.C.C.E.S.S. Community Center and the
T&T Supermarket which are the two most frequently visited places among the
Chinese senior residents of Chinatown. The SWEAT-R is a walkability assessment
tool for use at the street level. Items on the SWEAT-R cover four topic areas
(Michael, McGregor, Chaudhury, Day, Mahmood & Sarte, 2009):

1. Functionality (e.g., land use, building types, sidewalks, and buffer zones)

2. Safety (e.g., lighting and traffic safety)

3. Aesthetics (e.g., quality of microscale urban design, visual appeal of streetscape)

4. Destination (e.g., availability of senior-oriented housing and services/amenities,
retail stores, transportation, and parking in the neighborhood)
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Existence (1) or not (0) of each item was explored at each segment. Pictures of
buildings and streets were also taken at each segment and we kept observation
notes regarding detail materials, traffic volume, and social interaction at public
places.

9.3.3 Oral Narratives

In the third phase, using VE, we obtained oral narratives from older adults living in
Chinatown to identify their needs and experiences in their own voices. The oral nar-
ratives were used in conjunction with the environmental audits to reflect the older
adults’ perspective. A similar approach using both VE and street audits was used by
Walford et al. (2011) and found to be very effective.

Constructing the VE

Using a 3D modeling software package (Maya), 3D models of the buildings, streets,
trees, people, and all the detailed objects including pavements, curbs, signs, street
furniture, and coin parking meters were built. Using a satellite picture, all the build-
ings and other objects were placed at their correct location. The pictures taken dur-
ing the street audits provided the textures to construct the VE. After applying these
onto the 3D models, lights were set up with proper intensity and locations. Then, the
simulated 3D models between the S.U.C.C.E.S.S. Community Center and the T&T
Supermarket were imported to a game engine (Unity 3D) so that participants could
interact with the VE. A Nintendo Wii remote controller was used as an input device
to experience the virtual walk.

Farticipant Recruitment

The participants for the oral narratives were recruited through the S.U.C.C.E.S.S.
Community Center. A total of 21 older adults participated. They ranged in age from
65 to 88; 11 (52 %) were male and 10 (48 %) were female.

The project was advertised through S.U.C.C.E.S.S.’s community bulletins and
notices were posted in public places in the Community Center indicating the time
and location of the study. The staff at the S.U.C.C.E.S.S. Community Center made
initial contact with potential participants, informed them about the study, and asked
for their consent to be contacted by the researchers. All of the participants had no
previous experience using VE.

Procedure

The oral narratives took place in a room at the S.U.C.C.E.S.S. office in Chinatown.
They were facilitated in Chinese and translated later into English. Before each nar-
rative, the participant was asked to rate his/her health, physical mobility, and level
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of performance of activities of daily living (ADL) and instrumental activities of
daily living (IADL). The VE was played on a 51 in. LCD TV and the distance
between the TV screen and participant was 2 meters. An individual session had the
following three steps and lasted 30-90 minutes:

(1) Training: Participants had to learn how to use the Wii remote controller.
The participants explored the text-run VE that was designed to display how to
use the Nintendo Wii remote controller. Once they were sufficiently familiar
with using the remote controller, an individual narrative using the VE started.

(2) Oral narratives: Each participant was asked to navigate the VE from the
S.U.C.C.E.S.S. Community Center to the T&T Supermarket which was two
blocks from S.U.C.C.E.S.S. While navigating, their route choices were observed
and recorded. Participants’ navigation was scored in terms of how well they
proceeded to the destination and managed at decision-making points and junc-
tions. Participants were asked to talk about the reasons for their choices and to
describe features of the walking environment (e.g., buildings, streets, signs, bus
stops) and how they felt along the way (e.g., likes and dislikes at different stages
of the walk). The oral narratives were videotaped and later transcribed.

(3) Post-narrative interviews: After each narrative, there was a post-narrative inter-
view during which we collected participants’ demographic information and
asked about their overall experience using the VE (Figs. 9.2 and 9.3).

Fig. 9.2 Virtual environment
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Fig. 9.3 Participant navigating the virtual environment

9.4 Results

9.4.1 Focus Group

Several themes emerged from the focus group interview:

(1) Access to various destinations is important:

In Chinatown, government provides low-rental housing or subsidized housing....There are
also many societies, restaurants, S.U.C.C.E.S.S. and Chinese Cultural Centre. There are
many resources here and it is very convenient.

Age Friendly Communities should have good access to public transportation. It’s more
convenient to be close to bus stops.

(2) Safety has to be addressed:

A lot of people do not want to live in apartments in Chinatown because the area is too
threatening.

If the area is not safe and things always happen, seniors would be afraid of it... if the area
is not safe, of course no one would like to go there.

People are afraid of going outside.
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(3) People need to go outside:
People need to go out and meet friends, do shopping and go to restaurants.

(If people don’t go outside), seniors are really depressed. They often cry. That’s
miserable.

It’s good to live somewhere easy to go to restaurants and stores especially for those who are
disabled. They can’t walk themselves. If...someone takes them outside and takes a walk in
the mall, they would be healthier. It also reduces the medical expenses. Seniors don’t feel
happy at home all the time.

9.4.2 Street Audits

The two blocks between the S.U.C.C.E.S.S. Community Center and the T&T
Supermarket included four walking routes: via Pender-Abbott Street which was
very busy with high traffic volume and shops; via Carrall-Keefer Street where a lot
of graffiti and vandalism was observed but parks were present; via Taylor-Keefer
Street which was a relatively quiet shopping street; and through Shanghai Alley
which was a very quiet narrow back alley (Figs. 9.4, 9.5, 9.6, and 9.7).

AN ;'

N

Fig. 9.4 Pender Street



9 The Virtual Environment in Communication of Age-Friendly Design 163

Fig. 9.6 Taylor Street
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Fig. 9.7 Shanghai Alley

Functionality

The street audits showed that except for the walking route via Shanghai Alley, there
was mixed land use. There were sidewalks in all four walking routes although the
width of sidewalks varied between 4 and 6 feet. With the exception of the route via
Carrall Street, all the sidewalks were covered by awnings.

Aesthetics

The presence of benches and the degree of maintenance of buildings contribute to
aesthetics. Benches enable older persons to take a rest during their walk and func-
tion as street decoration as well. The only usable benches observed were on the
walking route via Carrall Street. On other segments, litter, graffiti-covered, and
damaged benches were observed (e.g., Pender and Carrall).

Safety

Curb cuts were observed to be two-sided at all the walking routes, but not all the
intersections were marked for pedestrian crossing. In addition, stop and yield signs
were present only at the routes via Carrall-Keefer and Pender-Abbott.
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Destination

Destination is associated with places for seniors, gathering places, retail shops, and
public spaces. Except for the route via Pender-Abbott, other segments included
seniors housing and seniors gathering/service places. The routes through Taylor-
Keefer and Pender-Abbott presented many destinations (e.g., restaurants, retail
shops, galleries). The Carrall-Keefer route included two parks and the Taylor-
Keefer route presented two plazas. Bus stops were present at all the walking routes
except Shanghai alley.

9.4.3 Oral Narratives

The oral narratives, captured while each participant walked virtually between the
S.U.C.C.E.S.S. Community Center and the T& T Supermarket, were coded based on
the SWEAT-R categories from the street audits. Keywords were highlighted at each
decision-making point (i.e., intersection). Walford, Samarasundera, Phillips,
Hockey, and Foreman (2011) used this approach to relate more closely to the every-
day language used by the public. We adapted their approach because it would reflect
older persons’ own voices and experiences.

While the participants walked virtually using the VE, we asked them to show us
how to get to the T&T Supermarket from the S.U.C.C.E.S.S. Community Center. Of
the successful attempts to reach the final destination (n=19), 9 participants selected
the route through Taylor-Keefer and 8 participants selected the route through
Pender-Abbott. The participants talked freely about what they were exploring, what
motivated them to make their choice of route, and about their likes and dislikes.

Safety was a major concern for many participants. While it is affected by built
environmental features (e.g., quality of sidewalk, signage, curb cuts, marked cross-
ings, traffic volume), many participants mentioned that they felt safer when there
were more people and more cars present:

I will choose Abbott because it usually has more people and cars which make me feel safer.

[I] use Taylor street because it’s busier and the shorter to T&T. [Shanghai] Alley is too quiet
to walk through which makes me feel unsafe.

I don’t use Shanghai Alley because I don’t like small alley. There (are) no people around
and the street is not clean.

There was no commentary on signage, the need to make 90 degree turns, or
about curb cuts, but threatening behavior including the presence of homeless people
was mentioned:

Carrall street has homeless people hang around. [I] don’t want to take that road.

I never walk in [Shanghai] alley because I have seen beggars and drug users in alley.
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Destination

Many participants extensively explored Pender-Abbot and Taylor-Keefer in order to
reach T&T. They preferred the routes with more shops and local amenities, which
created a more interesting walking environment:

[I] usually walk through the International Village' to reach T&T because I can shop on the
way to T&T.

Usually I walk through the International Village because it’s safer and I can shop around or
go get some food/coffee. ..

If the mall is open, I will walk through the mall because I can shop around. If the mall is not
open, I will use Abbott because there used to be art exhibition.

Usually I walk through the International Village to T&T because there is more stuff to look
at....

Functionality

Several participants mentioned the width and quality of sidewalks:

I chose Taylor-Keefer because there is sidewalk and the space is bigger. Usually I use
Taylor because it’s clean.

[I] use Taylor because I wanted to use the pavement... roads are wider.

9.5 Discussion

Engagement of older persons in AFC planning is essential. The goal of AFC is to
empower older people to live in security and good health and continue to participate
fully in society. For this, they need to be an integral part of community planning and
any decision-making process. It is true that a conventional map can provide useful
information in AFC studies. However, it has been reported that much more effective
and intuitive understanding occurs when images and data are provided in 3D (Daniel,
1992). Nevertheless, the role of VE as a tool for AFC research has not been widely
addressed. The study described in this chapter has been conducted parallel to devel-
opment of the Chinatown Community Plan, in partnershipwith S.U.C.C.E.S.S.

The VE was explored as a new method of engaging older persons in Chinatown
in identifying their own needs and priorities to create a more age-friendly
Chinatown. Due to the significant interests in the area (in relation to the city’s
Eastside Economic Revitalization project and Vancouver’s hosting of the 2010
Winter Olympic games), considerable amounts of spatial data had been compiled
in a digital form, and this provided material to construct a VE of sufficient detail in
a relatively short period of time.

'A three-story shopping mall identified as Tinseltown in Fig. 9.1 that includes a movie theater and
food court on the top floor, pharmacy, McDonalds, Starbucks, 7—11, and other fast-food outlets on
the main floor as well as retail shops selling clothing and other goods and services.
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Navigating through the VE is important because it represents the real environ-
ment that we live in. Visualizations, however, also produced deviated and subjective
impressions in the study participants. While the VE aimed to enable people to eval-
uate their familiar environment, some of the participants were unable to convey
information on the walking route that they used frequently. Subtle height differ-
ences, depth, and distance estimates were misinterpreted by those who could not
reach the destination in less than two attempts. In addition, subtle height differences
and slopes were not easy to identify. Also, the safety categories of the SWEAT-R
address features of the built environment relevant to mobility impaired persons. In
the present study, the participants’ narratives primarily reflected concern about the
potential threatening behavior of homeless people and drug users. Interestingly,
none of the cultural heritage features and landmarks (e.g., Shanghai Alley,
Millennium Gates, Sun Yat-Sen Chinese Garden) were identified by the participants
as a key factor in decision-making on walking routes. However, some did speak
about quality of sidewalks and traffic volume.

Simulator sickness was assessed through self-ratings of dizziness. Participants did
report some degree of dizziness when using the VE. The strong forward moving
behavior using the VE may have made it difficult for participants to explore their
options at the intersections (decision-making points). This might lead to making deci-
sions on their walking route differently compared to the traditional approach of using
still maps. However, no urgent symptoms were reported during the oral narratives.

In conclusion, the study presented in this chapter shows the potential of computer-
generated visualizations as a resource for age-friendly design communication. Since
computer graphics are becoming more advanced, there is more realism to them.
Therefore, before environmental changes are implemented in the community, VE
should be considered as a way of determining people’s perceptions and their opin-
ions of it. The great value of VE is in its potential for participatory research, allow-
ing local people to be involved in the planning process at an early stage.

With respect to Vancouver, the study site was part of the Chinatown Economic
Revitalization Action Plan. The city has proposed to create more seniors housing, to
renovate buildings, to improve the physical appearance of buildings, and to design
streets that promote walkable and safe communities:

(http://vancouver.ca/commsvcs/planning/chinatown/pdfs/1 1nov28aecomreport.
pdf). The study demonstrates a potential tool for gathering input from residents that
hopefully will be used as the project moves forward.
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Chapter 10
Technology and Fun for a Happy Old Age

Arlene Astell

10.1 Introduction

The past 20 years have seen a rise in the development and production of
technologies to support older people. These have typically focused on issues related
to safety and security and to reduce the risk of hospitalization (e.g., fall detection
devices). Despite their undoubted importance, it could be argued that these aspects
of aging have received more attention than is warranted and as a consequence have
unduly influenced the direction of technology development for the aging popula-
tion. While much less attention has been paid to technology to support people to live
well and experience the things that make life worth living, the evidence that is avail-
able suggests that technology can provide people with meaningful and engaging
activities that are stimulating, enjoyable, and fun. This chapter provides a brief
examination of this evidence for the aging population in general and then considers
the application of technology for that sector of the aging population who are living
with dementia. The context is provided by positive psychology, an approach to
human behavior that seeks to promote the good things in life.

10.2 Positive Psychology

While most people, whatever their age, are concerned with staying safe and well,
there is more to life than safety and security. In his oft-cited Hierarchy of Needs,
Maslow (1943) identified meeting our safety needs as an important but very basic
human need, second only to satisfying our physical needs such as hunger and thirst.
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However, central to Maslow’s theory of human motivation was the belief that
humans seek to fulfill higher level, more complex psychological needs, such as the
need for satisfying relationships, achievement, and the respect of others. His posi-
tive theory was predicated on seeing the person as a whole within the environment
in which they operate and was primarily concerned with identifying and exploring
those drivers of human behavior that go beyond meeting our basic survival needs.

While the resonance and endurance of Maslow’s ideas are easy to find in writ-
ings and innovation across a wide range of fields in human creativity over the past
70 years, it is more difficult to see his influence in attitudes towards aging and,
specifically, in meeting people’s needs for a happy and successful later life. This is
particularly so in the arena of technology development, which, as indicated above,
has tended to emphasize the safety of older people, with developments such as
alarm pendants that people wear and should press if they have a fall or the installa-
tion of unobtrusive or passive sensors in people’s homes to alert external agencies
of unusual events and trigger assistance if required. While these can be seen as
good-intentioned moves, they focus on only the most basic of human needs, sug-
gesting either (1) a belief that older people do not have the same higher level psy-
chological needs as younger people or (2) that older people do have the same higher
level needs but that meeting them is either (a) less important or (b) more difficult
than it is for younger people and therefore meeting the basic survival needs of older
people should suffice.

The apparent ignorance or dismissal of older people’s more complex needs is
surprising given the efforts over the past 20 years of the positive psychology move-
ment, which grew from and to a large extent embodies not only Maslow’s work but
also that of other influential writers on the broad subject of human happiness.
Positive psychology is concerned with improving people’s lives by nurturing them
to thrive and flourish. Positive psychology developed in part as a response to a
growing concern that psychology as a discipline was becoming increasingly nega-
tive, focusing too much on mental ill health and disorders of human existence
(Seligman & Csikszentmihalyi, 2000). While these are a major and growing prob-
lem in society, mental disorders do not account for the majority of people’s experi-
ence for the majority of their lifetime. Indeed, focusing instead on the conditions
that promote good mental health and well-being should not only encourage people
to live happier and more fulfilling lives but also help to prevent the occurrence of
mental ill health, which is the goal of positive psychology.

10.3 Positive Psychology and Aging

In 1948 the Preamble to the Constitution of the World Health Organization defined
health as “...a state of complete physical, mental and social well-being and not
merely the absence of disease or infirmity” (p. 100), a definition that has remained
unchanged. Positive psychology is concerned with the aspects and qualities that
promote and provide a positive and meaningful existence—essentially the things
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that make life worth living. Concordant with Maslow’s (1943) view, positive
psychology considers the human experience from the individual to the social group,
highlighting the “valued subjective experiences [of] well-being, contentment and
satisfaction (in the past); hope and optimism (for the future); and Flow and happi-
ness (in the present)” (Seligman & Csikszentmihalyi, 2000, p. 1). This approach
recognizes that people do not exist and operate in isolation and thus the satisfaction
of an individual’s needs occurs within the social context, acknowledging the impor-
tance of interaction and relationships with others in achieving this.

There is no reason to believe that satisfying our human needs for well-being,
achievement, hope, etc. lessens as we age. Additionally, there is a strong preventive
argument to be made for assisting and supporting people to keep experiencing a
meaningful and fulfilling life as they age for the benefits this can bring. In a study
of successful aging Vaillant and Mukamal (2001) located older men on a continuum
from happy-well to sad-sick based on their scores in six domains (1) objectively
measured physical health (including absence of irreversible physical disability), (2)
subjective physical health (completing activities of daily life), (3) length of active
life, (4) objective mental health, (5) subjective life satisfaction, and (6) social sup-
ports (including relationship satisfaction). The happy-well, who scored highly in the
six domains of successful aging, lived longer and had fewer years of disability than
their counterparts who were judged to be both physically unhealthy and emotionally
negative.

The need for interventions that promote positive aging and tackle negative
aspects of older people’s lives is further supported by the impact of depression.
Although the most common mental illness, depression in older people is consistently
under-diagnosed and under-treated (Age Concern, 2008), despite its links to
increased disability and physical illness (Anderson, 2001). In the UK up to one in
four community-dwelling older people—approximately two million people—has
symptoms of depression that warrant treatment, with the risk increasing with age from
one in five in the 65-69 age group to two in five in the 85+ age group (Anderson, 2001).
As well as increasing vulnerability to other conditions in old age, depression can
also interfere with the successful treatment of physical illness, as low mood and
poor motivation make it difficult for people to engage with any kind of therapy
(Salzman, 1995).

There is also a strong link between depression and suicide with figures from the
United States, suggesting that older adults are disproportionately likely to die by
suicide. In 2007, 14.3 per 100,000 people aged 65 and older died by suicide com-
pared to the national average of 11.3 suicides per 100,000 people in the general
population (National Institute of Mental Health, 2007). The figure was significantly
higher for non-Hispanic white men age 85 or older at 47 suicide deaths per 100,000.
Thus, finding ways and means to promote and support positive aging should be seen
as a priority, not a luxury to be attempted only after physical and safety needs have
been dealt with.

Technology can potentially assist people, young or old, to live a happy life.
Indeed there are whole areas of the leisure technology industry dedicated to this,
but the emphasis has tended to be on the younger generations, especially with
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developments in gaming and equipment for making, playing, and enjoying music.
However, this is arguably the wrong sector to focus on as increasingly the con-
sumers of technology will be the over-50s who have higher disposable income
which they are looking to spend either on themselves or their aging relatives
(Coughlin, 2010).

With this in mind, what follows is a brief and necessarily selective consideration
of technology that has and is being developed and used to support older people to
enjoy life. The examples are confined primarily to computer technology in the areas
of games and social interaction/communication to give a flavor of what can be done
with technology to meet the needs of older people. The information is divided into
two sections: the first concerned with the aging population generally and the second
relating to meeting the needs of older people with a diagnosis of dementia.
Recognizing and responding to the increasing numbers of older people with cogni-
tive impairment presents an additional but growing challenge that must be taken
into account not only by designers and developers of future technologies but also by
those planning and delivering services for the aging population.

10.4 Flow Experience and Games

What makes gaming enjoyable? Why do some people enjoy computer games and
other people enjoy chess, cycling, rock climbing, learning a foreign language, or
playing a musical instrument? Essentially these are activities that encourage mas-
tery and achievement and provide an opportunity for people to develop and improve
a skill as well as achieving satisfaction and a sense of accomplishment. This fits
well with the positive psychology notion of Flow, whereby one experiences immer-
sion in an activity for its own sake with the result that one feels a sense of satisfac-
tion and loses track of time (Csikszentmihalyi, 1990).

Csikszentmihalyi (1990) defined a Flow experience as having eight dimensions
(Table 10.1), which make it reinforcing and fulfilling and which create a desire for
a person to repeat the experience. Among these are clear goals and immediate feed-
back plus a sense of potential control. For an activity to be self-rewarding and to
“...maintain a person’s Flow experience, the activity needs to reach a balance
between the challenges of the activity, and the abilities of the participant...If the
challenge is higher than the ability, the activity becomes overwhelming and
generates anxiety. If the challenge is lower than the ability, it provokes boredom™
(p- 111).

Essentially, Flow can be seen as defining the conditions for positive, meaningful
experience, and playing computer games provides an example of how this can be
achieved using technology. This has been embodied in the Presence-Involvement-
Flow Framework (Takatalo, Nyman, & Laaksonen, 2008) of game playing, which
attempts to characterize the particular elements of games that make them enjoyable
and that encourage people to keep playing, including the important balance between
ability and challenge.
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Table 10.1 Csikszentmihalyi’s (1990) eight dimensions of Flow

Dimension

We confront tasks we have a chance of completing

We must be able to concentrate on what we are doing

The task has clear goals

The task provides immediate feedback

One acts with deep but effortless involvement that removes

from awareness the worries and frustrations of everyday life

One exercises a sense of control over their actions

7. Concern for the self disappears, yet, paradoxically, the sense
of self emerges stronger after the flow experience is over

8. The sense of duration of time is altered

nhk W=

.O‘

10.5 Aging and Computer Games

If games are fun and playing them can make us happy, are there particular types of
games or other considerations that make them more or less appealing to older peo-
ple? In an early review of the literature, Whitcomb (1990) found that although only
a limited number of games had been investigated at that time, it was possible to
identify a range of benefits for older people from playing computer games. These
included the recreational pleasures of satisfaction and accomplishment which posi-
tively influenced people’s view of themselves and their abilities. Whitcomb also
noted physical and cognitive benefits including enhanced motor skills, such as
hand-eye coordination and manual dexterity, increased speed on the games played,
plus anecdotal evidence of these skills transferring to other aspects of people’s daily
lives, such as driving.

Building on these findings, Ijsselsteijn, Nap, de Kort and Poels (2007) identified
four potential areas for games to contribute to improving the quality of life for older
people. These they characterized as (1) relaxation and entertainment, (2) socializing,
(3) sharpening the mind, and (4) more natural ways of interacting. Of these, relax-
ation can be seen as the enjoyable, rewarding aspects of gaming that are shared by
people of all ages. The second and third elements, those concerned with social inter-
action and cognitive stimulation, are examined further below. The final element pro-
posed by Ijsselsteijn et al. (2007) refers to developments such as the Sony EyeToy
and Nintendo Wii™ that allow for more physical ways to engage with computer
games, which may encourage people to try physical activity and fitness programs.

10.6 Games and Physical Activity

A current example is Wii Fit, which comprises more than 40 activities such as yoga,
strength building, aerobics, and balance games. The system has proven remarkably
popular with consumers of all ages although evidence about any potential health
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benefits is limited. For example, the aerobic activities were judged insufficient for
maintaining target heart rate required for cardiorespiratory fitness in a study of dif-
ferent age groups although participants enjoyed the Wii activities more than walk-
ing or jogging on a treadmill (Graves et al., 2010). These findings suggest that
presenting interactive exercise and health-related activities on a console has poten-
tial for encouraging people to engage with novel activities, even if currently avail-
able activities do not confer great health benefits.

This is supported by a case study examining the potential of the Wii Fit balance
platform to contribute to rehabilitation of an older person with a history of falls
(Pigford & Andrews, 2010). In this study the performance of an 87-year-old lady on
balance measures improved through a traditional balance-training program com-
bined with selective and monitored usage of the balance platform. The authors com-
mented on specific benefits of the interactive environment, including presentation of
goals and level of challenge, which motivated the player to try again, important
factors in the Flow experience.

10.7 Games and Social Interaction

Alongside a potential contribution to physical health, many computer games have
an intrinsic social element, being played with one or more other people. In his 1990
review, Whitcomb identified social interaction as the primary benefit that older peo-
ple gain from playing games. More recent projects, such as Eldergames (Gamberini
et al., 2007), have attempted to build on these early findings about the potential for
games to benefit older people, coupled with increasing knowledge about neural
plasticity and the capacity of the brain to compensate for age-related loss, to use
games as a medium for more generally improving older people’s quality of life.
Using a model of user acceptance based on the theory of Flow, Eldergames exam-
ined participants’ experience of their novel games table along seven key dimensions
including social interaction, playability/immersion, challenge/skills, and clear
goals. Participants identified social interaction, defined as the opportunity to create
and maintain new relationships, as the biggest benefit in Eldergames, with 66 %
endorsing the statement ‘“The most interesting thing has been to share my time with
other people while playing” (Gamberini et al., 2009, 167). The social benefits from
playing computer games can also be delivered through playing remotely, such as in
the Age Invaders’ System, which was developed to encourage intergenerational
activities online (Khoo, Merritt, & Cheok, 2009). Age Invaders was designed spe-
cifically to facilitate intergenerational family entertainment by enabling one or two
different generations, for example, grandparents and grandchildren, to play games
together while in different locations. This highlights not only the potential for
exploiting the Internet for increased engagement and social interaction for older
people but also the willingness and interest among the aging population to engage
with technology. Older people’s interests in technology, and their enthusiasm for
adopting it, are significantly influenced by its potential for enhancing or increasing
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opportunities for social contacts, putting them in touch with people with similar
interests or enabling them to stay in touch with people when face-to-face interac-
tions are not possible, perhaps through distance or illness (Ijsselsteijn et al., 2007).

10.8 Aging and Cognitive Exercise

Alongside the direct personal benefits of engaging in an enjoyable and fulfilling
activity, having fun and social interaction, game playing is also becoming increas-
ingly popular for the possible benefits it confers through cognitive stimulation.
There is increasing interest in the possibility that game playing can play a preven-
tive role in resisting cognitive decline or even the onset of dementia in the aging
population. This has arisen in part as a result of growing evidence that higher levels
of cognitive activity may mitigate the impact of neuropathology in the brain. Most
of this evidence has come from exploration of the apparent beneficial effects of
higher levels/greater years of education on people whose brains are found to contain
neuropathological changes at death but in whom there were minimal signs of
dementia in life (Brayne et al., 2010). This is explained most readily by the notion
of brain reserve (Stern, Alexander, Prohovnik, & Mayeux, 1992), whereby although
education does not protect against the development of neuropathological changes
per se, it does enable people to compensate or overcome the impact of neuronal loss
through having greater cognitive reserves to draw on.

Explanations for why education results in this buffer against neuropathology
have tended to relate to either biological processes such as synaptic density, whereby
greater density will hypothetically be more resistant to the synaptic loss that occurs,
for example, in Alzheimer’s disease (Katzman, 1993), or functional processes relat-
ing to neural networks and improved compensatory activities by those with greater
reserves (Stern, 2006). This raises the increasingly important question of whether
other activities besides education can influence an individual’s cognitive reserve
and whether these can be undertaken later in life, with a view to offering some pro-
tection against decline in older age.

In a study of 469 older people recruited to the Bronx Study of Aging, Vorghese
et al. (2003) found that those who developed dementia over a 21-year period not
only had lower education levels, but they also scored significantly lower on scores
of current cognitive activity. In this study cognitive activity comprised six activities
(reading books or newspapers, writing for pleasure, doing crossword puzzles, play-
ing board games or cards, participating in organized group discussions, and playing
musical instruments), which participants carried out with varied frequency from
daily to never. One striking finding was that participants “who did crossword puz-
zles four days a week (four activity-days) had a risk of dementia that was 47 %
lower than that among subjects who did puzzles once a week (one activity-day)”
(Vorghese et al., 2003, p. 2515). These findings lead the authors to suggest that
advising older people to participate in cognitive activities could become as com-
monplace as recommending them to undertake physical activities to reduce the risk
of cardiovascular disease.
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Optimism that people can increase their own reserve through cognitive exercises
or other stimulating cognitive activities comes from the life course approach to cog-
nitive reserve proposed by Richards and Deary (2005). They argue that while some
abilities such as problem-solving and logical thinking (so-called fluid intelligence)
are particularly vulnerable to neuropathology, our abilities to use skills, knowledge,
and experience (crystallized intelligence) are not only more resistant to neuropa-
thology but can also be extended in adulthood. Evidence from young people who
have grown up playing computer games suggests that the skills they have devel-
oped, including shutting out distractions and rapidly switching attention, may equip
them to better resist the onset of disorders of aging (Bialystok, 2006). Perhaps
engaging in similar gaming activities could confer similar benefits to older people.

10.9 Games and Cognitive Stimulation

In their 2009 review of digital action games, Zelinksi and Reyes identified far trans-
fer as a key product of cognitive training for older adults. Pointing to the potential
for extended practice training, they linked this to the elements, such as presence,
engagement, and other elements of Flow, that make computer game playing a posi-
tive and immersive experience. Of particular interest is their dissection of the poten-
tial benefits of different types of digital action games for different types of cognitive
function (Table 10.2), although they conclude that further research is required to
quantify and determine the time frame for delivering these.

One recent development that seeks to take account of and recognize the different
needs of young and older players is Age Invaders. As previously described this
system, designed for intergenerational game playing, is interesting in that it takes
into account both differences in game playing ability due to age and experience and
changes in cognitive ability associated with age (Khoo et al., 2009). For example, in

Table 10.2 Hypotheses about abilities improved by different game genres

Game genre

Ist-person  3rd-person Role Massive
Ability shooter action-adventure Strategy ~ playing  multiplayer
Eye-hand coordination X X X X X
Memory X X X
Mental rotation X X X
Reasoning X X
Response speed X X
Supervisory X X X
Visual attention X Xa
Working memory X X X

x=the genre is hypothesized to produce significant improvements in performance; a=improve-
ment expected in platformer games of this genre (Zelinksi & Reyes, 2009, p. 227)
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the Space Invaders game, the system allows older players more time to react to
rockets fired by younger players. This accommodation may be important for facili-
tating the continuation of game playing as uneven pairings of a highly skilled and
practiced player with a novice may discourage the learner, especially if they lack
confidence about using technology.

Game playing also offers the potential for studying cognitive function and assess-
ing changes in players’ abilities—both gains and declines. Jimison, Pavel, Bissell,
and McKanna (2007) have created a suite of computer games that includes metrics
to facilitate detection of change within an individual over time, providing a means
of detecting early cognitive decline as well as enabling the system to adapt the user
interface to the needs of the individual. While still work in progress, this approach
has potential wide-scale application both in terms of detection of cognitive decline
and in developing systems that can respond appropriately to user needs, a critical
feature for developing novel technologies that can support people to live as well as
possible as their needs change.

Thus, playing computer games, whether traditional games such as Solitaire,
Scrabble, or chess or newer games developed for dedicated gaming systems, can be
seen to provide potential health, social, and cognitive benefits as well as being a
rewarding and fulfilling activity for people of any age. Playing games also offers
some additional benefits of particular importance to the aging population in being
portable, an indoors pastime that mostly does not require a large amount of physi-
cal input, thus making it a suitable activity for people with reduced mobility and
limited opportunities for activities outside the home, all important when consider-
ing the potential contribution of technology to making the lives of older people
worth living.

10.10 Other Potential Benefits of Technology

The potential of computer technology to help motivate and support older people to
positively manage their lives and make health-related behavior change has been
explored in a number of other projects. For example, Jimison and Pavel (2007)
reported a new model for delivering computer-based health interventions for older
people in their own homes. Their system uses key principles of health behavior
change including goals, motivation, and readiness to change, addressed through
specific prompts and weekly progress checks with a professional health coach via a
computer. The package is tailored to each individual to meet their particular needs
and help them set and meet their own goals, with regular encouragement and prog-
ress checks from the health coach. The aim is to provide enjoyable activities and the
right balance of motivation, support, and encouragement to enable people to exert
control over their lives. The same team is currently exploring the potential of using
a more immersive interactive video environment for coaching older people in exer-
cises (Pavel, personal communication).
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10.11 Technology and Dementia

A growing number of people in the aging population have a diagnosis of dementia.
Dementia is an umbrella term applied to the occurrence of progressive and irrevers-
ible cognitive decline that causes difficulties carrying out daily activities such as
shopping and banking, problems recalling people’s names, or difficulties planning
and completing journeys. With the passage of time, the difficulties people face with
dementia increase to the point where they need significant help and support to man-
age their daily lives, highlighting a potential role for technology.

Given that the biggest risk factor for developing a dementia is advancing age
(Alzheimer’s Association, 2010), technology will become increasingly important as
the falling birth rate results in fewer caregivers to meet the needs of the increasing
numbers of older people we can expect to be living with a dementia diagnosis. As
life expectancy increases, the number of people with dementia in the world is pre-
dicted to rise from 25 million in 2000 to 63 million by 2030 and to 114 million by
2050 (Alzheimer’s Association, 2010). However, dementia is a difficult disorder to
deal with, as there is no single cause and no single pattern to the way it affects
people. Alzheimer’s disease (AD), which accounts for approximately 42 % of cases,
is the most common cause although many other people have vascular dementia
(23.7 %) and mixed AD and vascular dementia (21.6 %) (Brunnstrém, Gustafson,
Passant, & Englund, 2009). Latest estimates put the current cost of providing care
for people with dementia in excess of $601 billion, accounting for 1 % of the world’s
Gross Domestic Product with an estimated rise of 85 % by 2030 (Wimo & Prince,
2010). This demands an urgent response as the numbers affected by dementia are
predicted to keep rising. While the potential of technology to support people with
dementia has recently been recognized, as with developments for the rest of the
aging population, the bulk of the work to date has fallen almost exclusively into the
safety and security category (Astell, 2006). These include the use of automated
medication prompts and electronic tagging (Bail, 2003) for people with memory
difficulties, some of which raise ethical issues in relation to their application with
people with dementia. Even so, it could be argued that there is even greater potential
for technology to assist people with dementia to live well than for the rest of the
aging population if it is approached with a positive view of enabling people to live
a fulfilled and enjoyable life.

10.12 Cognitive Training and Dementia

Outside of safety and security developments, to date only a small number of studies
have investigated other applications of technology for people living with dementia.
Of these a number have looked at the potential of computers to deliver training
either to slow cognitive decline in people with dementia (e.g., Mate-Kole et al.,
2007) or enable them to keep carrying out daily activities (e.g., Hofman et al., 2003).
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In their study of five females and one male with moderate dementia, aged between
64 and 93 years old, Mate-Kole et al. (2007) examined the impact of a 6-week inter-
vention comprising Mind Aerobics (an interactive group training seminar) com-
bined with Adaptive Computerized Cognitive Training (ACCT), a program of
activities targeting a range of cognitive skills including attention, memory and
problem-solving that can be modified to the individuals’ needs. In this preliminary
study, significant improvement is reported in global cognitive function in five of the
six participants plus gains in selective remembering for all participants at the end of
training. The participants’ scores on measures of daily activities also improved, sup-
ported by caregiver reports of changes in behaviour including increased awareness
of the environment, increased socialization and initiation of interactions. Although
small scale, this study suggests that computerized activities have something to offer
older people who have a dementia diagnosis, not just in terms of cognitive function
but in terms of practical transfer into the rest of their lives.

10.13 Computers and Daily Activities

A number of studies by Hofman and colleagues (Hofman, Hock, Kuller, & Miller-
Spahn, 1996; Hofman, Hock, & Miller-Spahn, 1996; Hofman et al., 2003) have
explicitly examined the potential of computerized training to support people with
dementia to continue to carry out everyday tasks of functional relevance such as
learning a route (e.g., finding the way to the bakery or to a caregiver’s apartment
in the same neighbourhood) or shopping for items on a list. In these small studies
of four, nine, and ten participants, respectively, the tasks were individualized to
the participants, for instance, by using photographs of their real apartment and
neighborhood. In all three studies, participants’ performance on the trained tasks
improved, with evidence of training effects being retained 3 weeks later. This
highlights not just the potential but also the importance of supporting people with
dementia to continue to carry out daily activities, first by reducing the burden on
family and formal caregivers to take over these tasks and second to maintain the
skills of people living with dementia, which would be further undermined and
potentially lost quicker than needs be, if caregivers carry out activities for them
(Mate-Kole et al., 2007).

Continued independence and autonomy is as important for people with dementia
as it is to anyone else (Astell & Orpwood, 2010). Just as computer gaming provides
the opportunity for both young and older players to enjoy a Flow experience, people
with dementia could also benefit from the opportunity to engage in immersive and
engaging activities. This requires that games and activities be designed and pre-
sented in a way that takes account of the progressive cognitive needs of people with
dementia. While interactive systems such as the Nintendo Wii™ have attracted
popular attention for their possible entertainment and even physical activity value
for older people with dementia, such off-the-shelf systems and games are not
designed to take account of the particular needs of people with dementia. Specifically,
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most commercially available products assume intact cognitive function to (1) per-
mit players to understand the relationship between a handheld controller that
remotely influences activity on a screen and (2) accomplish the learning and
improvement on the activities that provide the motivation to play again. Given the
prominent memory difficulties of people with Alzheimer-type dementia, it is diffi-
cult for them to explicitly learn new skills and tasks by the traditional means on
which these games rely.

10.14 Engaging Activities for People with Dementia

The Living in the Moment project (Astell et al., 2009) was established to explore the
parameters for developing computerized activities to provide engaging and stimu-
lating activities for people with dementia to enjoy. Working solely with people with
dementia, as opposed to formal or family caregivers, the project set out to identify
what sorts of activities were most enjoyable for older people with dementia and how
they could best be prompted to initiate and continue to play games independently.
Utilizing touch screen technology, this involved the creation and testing of more
than 30 activities from a 3D tour round a botanic garden (Fig. 10.1; Astell et al.,
2009) to painting a pot (Fig. 10.2) to fairground games such as duck shooting
(Astell, 2010).

Over a number of years the findings revealed that people with dementia can actu-
ally learn to interact with and play computerized activities through implicit means.
Participants were able to use the system and interact with the computer indepen-
dently in the absence of a caregiver. There was also evidence of learning as people
improved in accuracy or speed, depending on the demands of the game (Astell,
2010). The findings suggest that there is great potential for developing stimulating
and absorbing activities for people with dementia. As well as providing them with
rewarding and satisfying Flow experiences, independent gaming would enable peo-
ple with dementia to exert some control over their environment, for which they have
fewer and fewer opportunities in the rest of their lives. Additionally, the finding that
people with dementia can actually learn new information and activities, just not
through explicit means, has implications beyond the development of games to the
broader application of creating technological solutions to the difficulties faced by
people with a dementia diagnosis.

These findings support the view that it is possible to develop cognitive prostheses
to leverage and extend capacities and to develop systems that fit the human and
machine components together in ways that synergistically exploit their respective
strengths and mitigate weaknesses (Institute for Human and Machine Cognition,
2012). For people with dementia this means taking account of their working mem-
ory difficulties, which make it difficult for them to learn new information, while
maximizing their unaffected abilities. Projects such as Age Invaders demonstrate
the potential for developing systems that take account of specific user needs,
enabling them to be maximally useful for people with cognitive impairments.
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Fig. 10.2 Painting a pot



182 A. Astell

In addition to cognitive stimulation, technology has the potential to contribute to
people with dementia living meaningful and enjoyable lives in a number of ways.
For example, it is well established that musical memory, that is, memory for well-
rehearsed music and songs, is well retained, and a number of projects have explored
the potential of providing music to benefit people with dementia. The Picture
Gramophone was an early small-scale project (Topo et al., 2004) to develop a
music-based multimedia program to engage people with dementia. Evaluations
with a small number of participants in several European countries were positive and
were recently extended by Sixsmith, Orpwood, and Torrington (2010) in their
development of a music player for people with dementia to access music for them-
selves, as opposed to having to rely on a caregiver. The preliminary results suggest
that this may be of most benefit to people whose dementia has progressed to a point
where they are living in nursing homes but there is further work to do.

Another small-scale pilot project explored the potential for enabling people with
dementia to make music using a touch screen computer rather than just listening to
it (Riley, Alm, & Newell, 2009). Typically, music groups and music therapy made
available for people with dementia are conducted in groups using percussion instru-
ments as these are most accessible for novices. In this project Riley and colleagues
attempted to combine specific emotions with major and minor chords to provide an
engaging experience for people with a dementia diagnosis. The initial findings sug-
gested that the system was easy to use and engaging but requires further work to
fully explore its potential.

10.15 Technology and Social Interaction in Dementia

Touch screen technology and multimedia also formed the basis of the CIRCA proj-
ect (Astell et al., 2004). CIRCA is a multimedia computer designed to encourage
interactions between a person with dementia and a caregiver based around reminisc-
ing, as long-term memories tend to be well preserved in dementia. CIRCA contains
a database of video clips, music, songs, and photographs, which people with demen-
tia and a caregiver can explore together. Users choose from three categories (e.g.
entertainment, sport, and schooldays) via a touch screen and then select between
media (music, photographs, video) within that category. The hypermedia system
allows users to move between text, sound, and graphics at will. There is no right
place to be in the system (McKerlie & Preece, 1993), which is ideal for people with
dementia who can enjoy current stimuli, such as a photograph on the screen, but
have difficulty keeping topics of conversation in mind and remembering what they
were previously talking about.

CIRCA was developed to take account of and respond to the profiles of spared
and impaired cognitive processes of people with dementia (Astell et al., 2008). As
such, CIRCA follows in the tradition of Augmented Cognition in that it aims to
work with people’s preserved abilities and skills while finding ways round their
impaired ones. CIRCA was tested in one-to-one sessions and compared with tradi-
tional reminiscence activities, such as looking at picture cards or old arteficts.
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In comparison to traditional reminiscence, which was typically a question and
answer session led by caregivers, CIRCA facilitated a shared activity that both par-
ties could enjoy together. This appears to be due to the contents being used to stimu-
late reminiscing being novel to both parties, which allows them to explore it together,
with neither having any advantage in knowing what will happen. This has the effect
of restoring people with dementia to equal partners in the interaction. Often it is the
people with dementia touching the screen to make choices and lead the interaction
(Astell et al., 2010).

Besides direct benefits to people with dementia from using CIRCA, they also
benefit from the enjoyment and satisfaction of caregivers who find CIRCA a sup-
portive tool for interacting with people with dementia. Caregivers particularly
enjoyed the ease with which people with dementia were able to use the system and
the reminiscences that are sparked. CIRCA challenges the often very low expecta-
tions that formal and family caregivers have about what people with dementia are
capable of. In post-session interviews, caregivers felt that they learned more about
the person with dementia after using CIRCA and often saw them in a new light, as
a person with a history they had just discovered. This has obvious potential benefits
for the future of their relationships, which should in turn impact on the quality of
care and quality of life of people with dementia.

10.16 Potential Future Developments of Technology
for Dementia

Story Table™ by the de Waag Society is another technology project for people with
dementia based on reminiscence. Like Eldergames, Story Table uses a tabletop pre-
sentation and contains short video clips of 5-15 min from the 1920s to 1950s.
A study of 181 older people resident in care facilities in the Netherlands identified
three functions of the system: fun, promotion of social contact, and eliciting story-
telling (Knipscheer, Nieuwsteeg, & Oste, 2006). The potential for promoting inter-
generational storytelling and other possible applications for older people with
dementia in nursing homes is still being explored.

Tabletop touch screens are also being explored for providing access to art therapy
for people with dementia living in care facilities (Hoey, Leuty, Zutis, & Mihailidis,
2010). This project is attempting to use technology to enable art therapists to work
with a number of clients at one time and, like the making music project described
above, works with preset activities, such as collage and painting, presented by
touching the screen. As with the other projects currently under way, this work rec-
ognizes that people whose dementia has reached the more advance stages also
deserve to have their need for engagement in creative and engaging activities met.

To date there has been less research than with older adults generally into poten-
tial applications of technology to meet the psychological needs of people living with
a diagnosis of dementia. However, the findings discussed highlight and demonstrate
not only the possibilities of designing for dementia but also the benefits of this.
Tackling the cognitive and social difficulties of dementia and the tendency of
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caregivers and the environment to excessively disable them is to tackle a fundamental
aspect of what it is to be human and to address how a disorder such as dementia
challenges the very foundations of personhood.

In summary, technology can provide solutions to meeting the psychosocial needs
of people with dementia, which is an aspect of care that is often overlooked in the
pressure to keep people safe and secure. Projects such as LIM and CIRCA, which
were designed to enhance the lives of people living with dementia and support their
relationships with caregivers, also demonstrate the potential and importance of
technology in responding to the ever-increasing numbers of older people affected by
this progressive condition of aging.

10.17 Conclusions

To date, there has been fairly minimal exploration of technology to support people
to live well as they age, beyond addressing very basic human needs. This is particu-
larly so in respect of older people living with dementia (Sixsmith, 2006). This may
reflect a lack of interest in meeting the higher-level needs of older people or, more
charitably, recognition that this is a difficult task. However, as the population shifts
inexorably towards a longer older age, the time for taking on this task, no matter
how difficult, is at hand.

We must harness the potential of technology, not only to ensure people are safe
and secure as they age but increasingly to ensure that their old age is happy and
worth living. The evidence for creative applications of technology is growing, but
the pace needs to increase substantially if we are to reap the benefits in the next 20
years. Positive psychology can provide a starting point and frame of reference for
developing technology to bring people fun, meaning, and happiness. The challenge
is to rethink our attitudes to aging and what people want as they age.

This requires detailed recognition of the complex needs of the heterogeneous
population of people we class as old—that is, people over 65 years of age.
Increasingly this group includes two generations of older people within one
family—the old and the so-called old-old. The implications of this new but growing
situation are only just being recognized but highlight the urgency of creating the
next generation of novel technologies to enable people to live and age as well as
possible.
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Chapter 11

Videoconferencing and Social Engagement
for Older Adults

Robert Beringer and Andrew Sixsmith

11.1 Introduction

When we think about activity in later life, our first thoughts often take us towards the
idea of physical activity and the person’s ability to remain fit, physically robust, and
mobile. The World Health Organization (WHO) has taken a broader view and defined
active aging as a state which “allows people to realize their potential for physical,
social, and mental well-being throughout the life course and to participate in society”
(WHO, 2012, p. 1). In this chapter our focus will be on the social dimension of this
construct and specifically the potential role that videoconferencing may have in assist-
ing older adults to remain socially active and engaged. We begin by reviewing literature
that highlights the positive health and benefits that accrue to older adults who remain
socially active. This is followed by the results of qualitative research that illustrates
the potential value of videoconferencing technology in remaining socially connected.

11.2 The Social Dimension of Active Aging

The WHO (2012) defines active aging in very broad terms, including continued
participation in all cultural, social, economic, spiritual, and civic affairs. This social
component, namely, our continued interaction with family and friends, or what may
be termed one’s social support network is the focus of this chapter.
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Maintaining social connections and a sense of support is far more than just a
pleasant way to live one’s life; it is a key component to remaining healthy as we age.
While it is beyond the scope of this chapter to provide a full review of the health
benefits of social support, a number of key components are worth discussing in rela-
tion to active aging. First, on a physiological level, social support has been found to
positively impact physical well-being. For example, measures of physical health are
positively influenced by social connectedness, including blood pressure (Hawkley,
Masi, Berry, & Cacioppo, 2006) and lower cortisol levels (Turner-Cobb, Sephton,
Koopman, Blake-Mortimer, & Spiegel, 2000). Further, recent studies suggest that
social support is related to better immune function (Dixon et al., 2001; Esterling,
Kiecolt-Glaser, & Glaser, 1996; Lutgendorf et al., 2005; Miyazaki et al., 2005).
Second, on a psychological level, both isolation and inadequate social support have
been identified as risk factors for depression in older adults (Bruce, 2002; Chi &
Chou, 2001; George, Blazer, Hughes, & Fowler, 1989). Additionally, Vanderhorst
and McLaren (2005) found that older adults with fewer social resources had an
increased risk for depression and suicide ideation. Given that the population is aging
worldwide (United Nations Population Division, 2002) and older adults are at
higher risk for depression than the general population (National Institute of Mental
Health, 2010), it is important that we seek out strategies to assist older adults in
maintaining social support. One such strategy that has recently emerged as a possi-
ble technology-based solution is the use of videoconferencing as a tool to enhance
social connectivity in older adults.

11.3 Videoconferencing

According to Nefsis (2008) “when video conferencing was first introduced, with a
grand introduction at the 1964 World’s Fair held in New York, it had a futuristic
quality that no one could possibly dream would take the place of the standard tele-
phone” (p. 1). Like many new technologies videoconferencing was expensive and
went through many iterations until the present day where it is fast becoming com-
monplace. A major factor in the current expansion of videoconferencing has been
the availability of high-speed Internet at reasonable cost, something that has only
been for around a decade. Videoconferencing has the potential to impact both
community-dwelling older adults and those who live in long-term care facilities.
Interestingly, to date the research concerned with community-dwelling older adults
has not been focused on maintaining social connectivity. Instead, disease self-
management (Demiris, Speedie, & Finkelstein, 2001), rehabilitation support
(Hauber & Jones, 2002), and medical applications such as vital signs monitoring
and consultation between patient and healthcare professional (DelliFrane & Dansky,
2008; Koch, 2005) have been the focus. Turning to older adults in long-term care,
the early results on videoconferencing and social support have been promising. One
very early study by Mickus and Luz (2002) reported that videophones had the
potential to reduce social isolation in frail nursing home residents. It is worthy to
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note that much of the qualitative data obtained from this research was concerned
with technical issues surrounding the videophones that were being used. Demiris
et al. (2008) in a study where technical issues were less of a concern reported that
videophone contact could play a role in reducing both social isolation and loneli-
ness of residents in long-term care. In similar research, Hsiu-Hsin, Yun-Fang, Hsui-
Hung, Yue-Cune, and Hao (2010) found that videoconferencing alleviated feelings
of loneliness and improved depressive status after 3 months in elderly nursing home
residents. While such electronically mediated communication remains second best
to an in-person visit (Tsai & Tsai, 2010), residents enjoyed being able to see into the
homes of their family members. Research reported by Sixsmith (2009) describes
the use of A Window on the World Technology that continuously streamed video
from local neighborhood onto dedicated screens in nursing homes and the homes of
community-dwelling older people. The sense of connectedness to the outside world
or with previous familiar environments afforded by these simple video-based tech-
nologies has strong potential to alleviate the social isolation and disconnection that
many older people experience as a defining feature of their everyday life.

The research that will be presented in this chapter emerged as an important theme
within a wider research project on the use of information and communication
technologies to enhance the lives of older people. The findings described below
highlight the potential role of videoconferencing and suggest that video-based tech-
nologies and applications should be explored further as a tool to reduce social isola-
tion and positively impact the lives of community-dwelling older adults.

11.4 Design and Original Research Question

This chapter reports on research that was part of a wider study of older people’s
attitudes towards Ambient Assisted Living (AAL) systems. AAL systems may be
described as a combination of stand-alone assistive devices, smart home innova-
tions, and telehealth technology to assist a person to live independently at home and
remain connected. Much of the AAL research to date had been concerned with
technical issues and/or acceptance of this technology, and in contrast we explored
the potential for this technology to impact users’ meaning of home (Sixsmith, 1990).
As a visualization tool, we showed the film Imagine the Future of Aging to a number
of older people provided for use in this research by the Center for Aging Services
Technology (CAST, 2005). The film runs 9 min and 46 s and depicts the following
features of an AAL system:

* Medication reminding

 Vital signs monitoring

* In-home monitoring of the activities of daily living via sensor technologies

* Displays that provide both professional and informal caregivers (e.g., family)
with access to data collected

* An electronic health record
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* Cognitive function monitoring by way of an assessment tool embedded in a
solitaire game

* Social interaction with an online community of friends

* Videoconferencing with caregivers and healthcare professionals

* Social connectivity via videoconferencing with distant family members

The film portrays the AAL system being used by a man called Ernesto.

Since 2005 when the film was produced, videoconferencing has become more
widely used. As a result, at the time we collected our data in the summer of 2010,
we were able to explore more specifically whether videoconferencing could help
community-dwelling older adults remain socially active as they age.

11.5 Approach

A qualitative approach was employed in this study and was deemed appropriate due
to the exploratory nature of this research (Creswell, 2003). The process was itera-
tive, meaning data were gathered and analysis took place concurrently over the
course of the study (Bryman & Teevan, 2005). The data were collected by way of
semi-structured interviews with research participants, using a set of specific ques-
tions, while maintaining a flexible approach outlook with regard to how the inter-
view is to proceed. The rationale behind this approach is derived from the idea that
excessive structure may hinder “genuine access to the worldviews” (p. 186) of
research participants. Further, this open-ended method of data collection is consid-
ered to generate rich and varied information (Sixsmith, 1986).

One limitation of the method was that participants would not be able to truly
visualize AAL (and videoconferencing) in their own homes and be able to comment
authentically on such a system after merely viewing a film. Additionally, if partici-
pants did not identify with Ernesto, they may then have difficulty in making empa-
thetic responses. To deal with these issues, participants were (if they could not see
themselves using the technologies) asked to put themselves into the place of Ernesto.
Interestingly, they often not only envisioned the system through Ernesto’s eyes but
responded using a first-person narrative.

Approval of the Simon Fraser University Ethics Review Board was obtained
prior to commencement of this research (Simon Fraser, 2006), and pseudonyms
have been used to protect the confidentiality of research participants.

11.6 Sample

The sample comprised 27 community-dwelling individuals aged 60 years and over,
with at least one self-reported chronic condition and/or mobility restriction. A self-
reported chronic condition was operationalized in accordance with the Canadian
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Community Health Survey (Gilmour & Park, 2006) where participants must have
been suffering from at least one of 20 chronic conditions, including but not limited
to arthritis, cataracts, heart disease, asthma, diabetes, bronchitis, cancer, and effects
of a stroke. A mobility restriction was operationalized as an individual who uses a
cane, wheelchair, walker, or scooter to assist in mobility. We sought out the sample
described above because it was felt that individuals with such conditions and/or
restrictions would be more likely to use an AAL system if it were available. A com-
bination of convenience and snowball sampling was used to recruit research partici-
pants in and around Vancouver, British Columbia, and San Francisco, California.
Additional participants were recruited using snowball sampling where participants
who had completed the study provided suggestions for where to find new recruits
(Bryman & Teevan, 2005). Alternative sampling techniques may have been
employed, but the fact remains that it is difficult to convince older adults to partici-
pate in research studies, and a selection bias towards overly healthy samples is com-
mon (Spirduso, Francis, & MacRae, 2005). In the present study, the use of
convenience and snowball sampling resulted in access to participants who were
more likely to benefit from technologies such as videoconferencing to remain
socially connected.

Approximately half of the sample (12) were from British Columbia and 15 were
from California. All lived alone in their own homes. Seventeen were female, and ten
were male. They ranged in age from 60 to 95 (mean age=77.7 year). In terms of
health and mobility characteristics, the group had a mean of 4.0 chronic conditions
and 48.2 % of participants (n=13) relied on an assistive device to function within
the home. In terms of self-reported health, 14.8 % of participants (n=4) rated their
health as excellent, 40.7 % (n=11) as very good, 25.9 % (n=7) as good, 4.8 %
(n=4) as fair, and 3.7 % (n=1) as poor. Just under one quarter of the participants
(n=5) had experienced a fall in their home. One of these falls was serious enough
to result in broken bones, and two participants reported falling in the evening and
having to remain on the floor overnight until help arrived. The majority of partici-
pants (77.8 %) admitted to experiencing pain on a regular basis with 14.8 % (n=4)
reporting very mild pain, 33.3 % (n=9) mild pain, 22.2 % (n=6) moderate pain, and
7.4 % (n=2) severe pain. Twelve (44.4 %) reported being hospitalized in the year
prior to this study. The mean length of stay for these hospitalizations was 7.6 days
(range 0-60 days).

11.7 Data Analysis

Interviews were transcribed verbatim and analyzed using NVivo 8, a software
package designed to classify, sort, and arrange qualitative research data (QSR
International, 2009). Using NVivo 8, the coding of data was completed through a
line-by-line analysis and the development of nodes. The nodes represent salient
behaviors and concepts of interest or themes (Bryman & Teevan, 2005). The theme
of videoconferencing that resulted from this process is the focus of this chapter.
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11.8 Results

Twenty-five of the 27 participants made at least one comment on videoconferencing
technology. A total of 43 positive comments were logged as well as seven that were
negative or cautionary in nature. Nine of the 27 (33 %) participants had actually used
videoconferencing themselves. Interestingly, the age range of these nine participants
was 61-88 years, and the mean age of those who had used videoconferencing was
72.6 year only slightly below the mean age of all participants (77.7 year) in the study.

The comments on videoconferencing were generally very positive. For example,
Meg (aged 71) noted:

I think I could see that being beneficial, say for instance in my case, both of my family
members are not living in the same town as me, so in that respect I think it would put their
minds at ease and mine too.

Gina (aged 79) who had never used the technology stated:

Oh it would be wonderful because that way you’re in touch with family, like the family that
I have left are all in the east, and they, I’ll get phone calls and stuff from them but it’s not
quite the same as that (referring to videoconferencing).

Videoconferencing was seen to foster a stronger sense of proximity and connected-
ness compared to conventional telephones. Elizabeth (aged 75) was very emphatic
on this point:
It (videoconferencing) gives you a feel of more, being closer, you know, I mean you talk on
the phone and it’s fine you know, you have the contact, but you actually see them, you see

the kids playing in the back and they say ‘hi grandma’ and it for me, it gives me a more
closer feel to the family.

Similar commentary was echoed by Carla (aged 88) who when asked what it has
been like to use videoconferencing stated:

It’s wonderful because I have a lot of nieces and nephews back east and with new babies and
stuff and I got to see them... you feel right close to them, you know.

The following passage from the interview with research participant Anita (aged 81)
highlights the strong sense of emotional connectedness afforded by video-based
communication.

(Interviewer questions in bold print):

Do you have any people who live far away that you talk to on the
telephone?

“We had nieces and nephews, but we had them pulled up on the computer, they
were in Denver.”

So you’ve seen some people on the computer using videoconferencing?
6‘Yes"?

So tell me how that felt, when you saw somebody you were talking with, out
of state
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“Oh nice, I mean we all had tears, you know because it was a holiday and they
couldn’t come home, yeah, oh it’s great.”

Do you think you would have had tears if you had chatted with them on the
phone?
“NO .”

In contrast, some of those who had not used videoconferencing were more likely
to comment in the manner of Jane (aged 91) who told us:

I think the phones are good enough, and I, my daughter and I talk every night, and that
works well for me, but for other people who don’t have family close, then that’s a different
thing.

In addition to this more social aspect of videoconferencing, we also probed as to
other possible benefits of this technology. Here a subtheme emerged which sug-
gested that videoconferencing may be used as a tool to monitor a person’s health.
For instance, Albert (aged 88) envisioned that:

I think it’s excellent to be able to see them... perhaps if the person was ill, or recovering
from an illness then I would like to see how they looked.

Following on this theme, Donna (aged 62) noted:

Well there’s a couple of things, you can see their mood and there, like if he talks to his son,
you can tell if his son is in a good mood or a bad mood, you can see there well-being.

While most of the participants were positive about the use of videoconferencing,
we collected a number of responses that were either negative or at least cautionary
in nature. More than one participant commented on the disadvantages of being seen,
and Alex (aged 66) notes that:

I am positive it would (change the way I feel about my home) because I would have to dress
up for all occasions, I couldn’t just walk disheveled and unshaven and what not because I
would be watched, so it changes your behavior a lot.

In his comment, Alex felt the telephone, in which one is heard but not seen, was
a more relaxing way to carry out day-to-day communication.

Most of the negative comments revolved around whether videoconferencing
technology could actually lead to increased isolation and particularly that it could
replace in-person contact. Debra (aged 77), for example, suggested:

I think it could be used as an excuse not to go and see each other because that interaction
only lasts a few minutes and could easily be substituted for real visiting.

In like manner, Elizabeth cautions that:

In my opinion there should still be some human interaction, yes. I mean I agree with all
those devices I really do but I think you shouldn’t lose completely the personal contact even
if it’s just a social worker, whatever, caretaker, somebody.

In a very interesting contrast, Sarah (aged 78) noted that:

Because you wouldn’t need them to come and visit you as much if you could just plug into
that and see them, know that they’re well, and they can do the same for you.
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Another theme that emerged concerned the amount of learning required to use
videoconferencing. For example, Andy (aged 81) when asked if he would be inter-
ested in using videoconferencing stated:

Well, I would think it could be (fun to use) depending on how difficult it is to figure out

Similarly, Marcus (aged 74) commented:

I think the problem is the process of, with me it’s the process of knowing a computer lan-
guage and looking at a window and it’s giving you options, do you want to do this, and yes,
no, and half the time it’s hard to know what they’re really getting at, and older people like
me who have never studied computers find the computer language difficult and even scroll-
ing down or knowing that you have to scroll down, it’s very hard.

In some ways, Marcus’s words reflect the prevalent view that older adults are
technophobic, with generally negative attitudes towards using new types of tech-
nologies. However, it should be emphasized that these were very much the minority
among our participants (X) compared to those who expressed positive views (Y)
who, after learning a given technological task, described benefits in terms of feeling
connected with family and friends.

11.9 Discussion

Jacques Ellul (1962) wrote over 50 years ago:

The further we advance into the technological society, the more convinced we become that,
in any sphere whatever, there are nothing but technical problems. We conceive all problems
in their technical aspect, and think that solutions to them can only appear by means of fur-
ther perfecting techniques. (p. 414)

Ellul’s comment is relevant to the present discussion because currently much of
the research on technology and older adults focuses on what Sixsmith et al. (2010)
have coined problematization of aging, where technological solutions are fixated on
an overwhelmingly negative agenda of dependency and ill health. As an alternative,
instead of identifying social isolation or decreased social interaction as problems
and applying videoconferencing as a solution, we suggest that it may be better to
think about using this technology further upstream. Much of the data we have gath-
ered in this study suggests that videoconferencing may be helpful in the sense of
promoting social connectedness amongst older adults and thereby potentially
encouraging and facilitating social connectedness. The idea of active aging includes
the idea that people can maintain social connections and well-being throughout the
life course (WHO, 2012). Our participants who had used videoconferencing stated
that it made them feel as if they had actually visited distant grandchildren, i.e.,
that it enhanced their social connectivity. The issue here goes well beyond the
usual engineering perspective that focuses on developing specific solutions to iden-
tified problems. Indeed the issue here is not the development of new technologies
(the technologies described are readily available to the general public) but that
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older people are often marginalized by technological change, contributing to social
disconnection as the new technology restructures the way we interact as social
beings.

Many older people are for various reasons (money, skills, attitudes) excluded
emerging technologies, yet the research here suggests both a desire of many older
people to be able to use and benefit from new communication technologies. Indeed
it could be argued that the creation of a class of technologies, such as AAL systems
that are specifically targeted at older people, may ironically serve to maintain social
divisions within the technological sphere, especially where technologies are labeled
as solutions to problems of old age, suggesting a highly medicalized view of the
nature of old age. The social construction of technology as a solution reflects a dis-
course of dependency and passivity, as opposed to a discourse of technology as a
means for social participation and active aging.

While the emphasis of this chapter has been very much on the value of videocon-
ferencing to enhance the social well-being of older people, it is important to high-
light some of the potential disbenefits of technology-based communications and its
potential to impinge upon the intimate sphere of the home and to replace direct
human contact with electronically mediated social interaction. Goffman has asked
the question “of the more peaceful and secure... what steps would be necessary to
transform it into something that was deeply unsettling” (p. 61, cited in Kim, 2003).
In the case of videoconferencing the deeply unsettling view is of an older adult
sitting alone, void of human contact, connected to the outside world only by way of
a two-way screen. This concern was expressed by participants in our study and
echoes concerns of participants in a study by Lorenzen-Huber, Boutain, Camp,
Shankar, and Connelly (2010). It should be noted however that little research has
investigated this potential darker side of videoconferencing technology. While our
research highlights the potential of technology in remaining socially active and con-
nected, future research should be directed towards exploring in greater depth the
way that technology generally and videoconferencing specifically is integrated
within the everyday lives of older people. This requires us to shift in focus from a
medical engineering agenda to a social research agenda that examines how technol-
ogy transforms social relationships and the conditions of everyday life.
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Chapter 12
International Initiatives in Technology
and Aging

Andrew Sixsmith, Maria Carrillo, David Phillips,
Peter Lansley, and Ryan Woolrych

12.1 Introduction

This chapter provides an overview of some of the initiatives and activities in the area
of gerontechnology that have emerged in different parts of the world. While it is not
possible to provide a comprehensive and exhaustive review of the world scene, the
aim is to highlight selected research in different geographical regions, specifically
Europe, North America, and Asia-Pacific, and research at different levels: national,
regional, and international. The chapter begins with a description of an international
program, Everyday Technologies for Alzheimer’s Care (ETAC), funded through a
partnership between the Alzheimer’s Association and the INTEL Corporation and
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designed to develop technological solutions for people with Alzheimer’s disease
(AD) and their caregivers and families. The second section focuses on emerging
research on technology and aging in the Asia-Pacific region. The third section
focuses on national-level programs and describes work being carried out in the UK
funded by government agencies such as the Environment and Physical Sciences
Research Council (EPSRC). The fourth section describes the very extensive pro-
gram of work being funded by the European Union under the Ambient Assisted
Living Joint Program. The chapter concludes by identifying some of the key com-
mon themes within the various research programs described and discusses the driv-
ers, emerging directions, and opportunities in a rapidly expanding global research
landscape.

12.2 Everyday Technologies for Alzheimer’s Care

In 2003, the Alzheimer’s Association and Intel Corporation launched a program to
develop technological solutions for AD patients, caregivers, and families, specifi-
cally to help alleviate the burden on caregivers, improve patients’ quality of life and
the quality of care they receive, extend patient independence, and slow the onset of
symptoms by keeping older adults cognitively active. Since that time, the Everyday
Technologies for Alzheimer’s Care (ETAC) initiative has disbursed nearly $5 mil-
lion to some 26 research projects throughout the world. These projects include a
diverse array of technologies and address four overlapping issues important in the
care of individuals with AD: diagnosis, monitoring, treatment, and assistance. Many
of these technologies are in the prototype stage and are being tested in real-world
environments.

12.2.1 Diagnosis

Standard tests of cognition have been adapted for computer administration, which
offers numerous advantages in terms of accessibility, standardization, precision, and
accuracy. Computer versions of visuospatial tests may be particularly sensitive,
since computers can render three-dimensional shapes and manipulate these shapes
in space in order to bring out subtleties that are not possible to represent on paper.
Virtual reality, an advanced form of human—computer interface that allows indi-
viduals to become immersed in simulated environments, takes this even further. For
example, a 15-min virtual environment-based neuropsychological test battery deliv-
ered within the context of a virtual city has been developed and shown to correlate
with standard neuropsychological testing (Parsons, Silva, Pair, & Rizzo, 2008).
Another new technology uses wearable sensors to record movement and speech as
a means of detecting cognitive decline and assessing its progression. Additionally,
technologies such as the electroencephalograph and the magneto-encephalograph
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are providing a wealth of information about the different neural networks that are
active or inactive during various brain tasks (Dale, Simpson, Foxe, Luks, & Worden,
2008). These technologies could be used not only for diagnostic purposes but also
to provide feedback for individuals getting cognitive training and to monitor the
effects of other treatments.

12.2.2 Monitoring

Technologies that monitor behavior or activity remotely through the use of sensors,
data and video recorders, and wireless telecommunication devices may enable indi-
viduals to maintain their independence even as their memory and physical function-
ing declines or they begin to exhibit challenging behaviors. For example, falls are a
major concern for older adults living alone. With a grant from the ETAC program,
colleagues at the University of Missouri developed a smart carpet containing an
array of pressure sensors that electronically detects falls and transmits an alert to a
caregiver (Tyrer, Aud, Alexander, Skubic, & Rantz, 2007; Tyrer et al., 2006). Similar
technology might be used to monitor changes in walking speed or gait and thus
could be used to detect a decline in physical ability. Other technologies have been
developed for more routine monitoring of individuals living alone to ensure safety
and monitoring of activities of daily living (ADL) such as eating, medication use,
and bathing. In the Automated Technology for Elder Assessment Safety in the
Environment (AT EASE) pilot study, motion sensors and sensors placed on house-
hold hardware such as doors, medicine cabinets, refrigerators, faucets, and toilets
allowed caregivers, family members, and facility staff to monitor a variety of activi-
ties using a web interface that allowed them to log on as frequently as desired
(Mahoney, Mahoney, & Liss, 2009).

12.2.3 Treatment

Everyday technologies can play an important therapeutic role in individuals with
cognitive impairment. Therapeutic applications include cognitive training, personal
exercise training, reminiscence therapy, and art and music therapy. Reminiscence
therapy addresses the loss of identity experienced by many people with dementia by
creating multimedia biographies that help individuals remember their past (Massimi
etal., 2008). These biographies may also provide solace to family members, remind-
ing them of what their loved one was like before the disease progressed. The effi-
cacy of reminiscence therapy varies over the course of the disease, and it may be
less useful in advanced cases where the affected individual may be unable to partici-
pate in developing the biography. A variation on the remembering theme is the
SenseCam, a small camera with a wide-angle (fish-eye) lens that is worn throughout
the day, recording 1,000-1,500 snapshots of a person’s daily activities (Bas,
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Erdogmus, Ozertem, & Pavel, 2008). Playback of the photos at the end of the day
helps users remember what they have experienced (Hayes et al., 2008). Music and
art have also attracted more attention recently as being therapeutic for people with
dementia, and again, technology is helping make these types of therapy more avail-
able by allowing people to engage in creative pursuits despite language, visuo-
perceptual, and physical deficits. For example, Hyperscore, a music-composition
computer program, allows people with no music education to compose their own
music (Sorrell & Sorrell, 2008). Music interfaces are also being used to enable early
detection of AD with auditory tasks that target neurological structures affected at
the earliest stages of the disease.

12.2.4 Assistance

Monitoring technologies with feedback can assist elders in performing ADLs or call
for caregiver assistance if necessary. One such system called the COACH (Cognitive
Orthosis for Assisting aCtivities in the Home) uses video monitoring and tracking
technology to track behavior. COACH uses a partially observable Markov decision
process to model the behavior and an artificial intelligence system coupled with
audio and audio—video prompts to provide three levels of assistance depending on
the person’s level of need. In a pilot study using hand washing as the target activity,
the COACH system showed promise in supporting independent functioning among
participants with moderate dementia (Mihailidis, Boger, Craig, & Hoey, 2008).
Other assistive technologies use digital television, cell phones (Donnelly, Nugent,
Craig, Passmore, & Mulvenna, 2008), and handheld devices such as personal digital
assistants (PDAs) (Becker & Webbe, 2008) to deliver reminders. Wayfinding tech-
nology that could prove useful to people with cognitive decline or dementia com-
bines a global positioning system (GPS) with a wearable belt that delivers
vibro-tactile signals to wearers to assist in navigation. This system could provide
more independence to people in the early stages of AD, although early clinical trials
suggest that as dementia progresses, individuals are less able to effectively interpret
the vibro-tactile information (Grierson, Zelek, Lam, Black, & Carnahan, 2011).

12.2.5 Knowledge Transfer and Exploitation

There are many challenges facing the field of aging health technology. Many of the
projects in the ETAC program have the potential to be transferred to the community
at large but will likely require a cooperative approach among academics, clinical
researchers, companies, software developers, and venture capital. It is not always
easy for academics and clinicians to find the right way to move their prototype for-
ward through a rigorous development and commercialization process. Some possi-
bilities include developing relationships with business schools in one’s own
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institution or to include MBA students in the development team or to participate in
business concept competitions. These approaches can lead to different avenues and
broader personal connections within the business world, thereby facilitating the
introduction of a solution into the community at large. There is also a pressing need
to understand and consider how these technologies will be marketed. Many, insofar
as they are personal technologies, must address the issue of possible stigmatization
associated with their use. This is a real problem that will impede adoption. The
marketplace for assistive technologies is littered with products that failed to address
this key issue. Usability is also a critical challenge in developing acceptance and
ongoing use of these technologies. A thorough understanding of the human—
computer interaction challenges inherent in a given solution, at the earliest stages of
prototyping, will help form the basis and guidelines for more detailed design.

Beyond iterative prototyping and small deployments of these technologies is the
need for robust evidence that not only addresses the clinical and academic questions
but also provides guidance on key questions related to acceptance, adoption, and
development. Attention to these aspects of solution development will also attract the
attention of the various funding resources. Going forward, there is a need to study
real people in real settings, to launch large-scale randomized controlled trials, to
broadly disseminate the findings and implications, and to promote collaboration and
cooperation among researchers in the field of aging health technology. There is
tremendous opportunity for developing healthcare technologies at the moment but
that opportunity can only be fully exploited by a comprehensive approach that
brings all the stakeholders to the table as solutions are researched, developed, and
put to use in the community at large.

12.3 Technology and Aging in the Asia-Pacific Region

The Asia-Pacific region (East and Southeast Asia) in mid-2010 was home to almost
2.2 billion people, just under one-third of the world’s total population. In Southeast
Asia, 6 % were aged 65+; in East Asia, the proportion was 10 %. If Australia and
New Zealand are included, 13 % were in this age group. The percentage of older
people varies considerably across the region, from 23 % in Japan aged 65+ to only
3 or 4 % in Brunei, Cambodia, Laos, Malaysia, the Philippines, and small Timor-
Leste (Population Reference Bureau, 2010; UN ESCAP Population Data Sheets,
annual). Moreover, many of the countries in the Asia-Pacific region are aging faster
than the Western nations did, and many will double their older population in a com-
pressed time span of 20-25 years (Phillips, Chan, & Cheng, 2010). The social, eco-
nomic, and probably the technological effects of population aging will be felt most
in the Asia-Pacific region in the coming years. This will stem from a combination of
increased longevity in many countries, declining family size (from very reduced
total fertility rates), and related impacts on the need for health and social care
(Cheng, Chan, & Phillips, 2008; Kinsella & Phillips, 2005; Phillips et al., 2010).
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The region has a variety of subregions in terms of propensity and penetration of
various types of technology. There are countries with relatively large populations,
though small percentages of older people, such as Indonesia, Cambodia, and the
Philippines. Here, absolute levels of gerontechnology use and adoption are likely to
be relatively low. At the other end, there are countries with high penetration and
potential and considerable socioeconomically and culturally based demand, such as
Japan, Korea, Taiwan, China, Hong Kong, Australia, and New Zealand. In between
there are countries such as Thailand, Vietnam, and Malaysia, where considerable
amounts of technology manufacture and use are to be seen and where this will ulti-
mately involve older people. Indeed, many countries or parts of countries are the
leading global locations for manufacture of many forms of technology (China,
Vietnam, Thailand, etc.), and several are the global leaders in technological design
and innovation, especially Japan, Korea, Taiwan, and increasingly China. This said,
there are many issues with older populations regionally that can hinder technology
uptake. Many countries have considerable proportions of their older populations,
especially older females, who have limited literacy due to restricted education when
they were young. Several of the languages are complex and have only been formu-
lated for use in IT and keyboards relatively recently. Moreover, while numbers of
older people in urban areas are substantial, with access to many forms of technol-
ogy, even larger proportions of older people live in rural areas and still carry on
agriculturally related activities and have little routine contact with technology.

As everywhere, technology issues tend to focus on either healthcare-related
developments such as telemedicine, telecare, and health monitoring or assistive
technologies for home and institutional living, in particular the potential for robotics
and smart homes. There are, however, other themes in this region that are becoming
important, as sales of technologically oriented consumer goods are increasingly
seen as part of the growing silver market for older persons (Ong, Phillips, & Hamid,
2009). The growing affluence of many people, especially in the 50+ bracket, means
older persons are consumers of audiovisual equipment, mobile phones, and per-
sonal computing equipment. Many items of health-related technology are made in
the region, such as in-home blood pressure monitors, hearing aids, and various tem-
perature measuring devices, and are becoming available at reasonable price.

Internet access is often regarded as an indicator of how ftechnology enabled an
area and population may be. In this respect, there is a huge range in the region.
Japan, Korea, Australia, Taiwan, and Hong Kong have very high levels of Internet
(and mobile phone) penetration in households, and it is assumed these technologies
are accessible to older members. Japan, with the largest population of older persons,
also has the largest percentage of Internet users among older adults—in 2006,
67 %—almost double the proportion in 2000 (McCreadie, 2010). Internet World
Statistics (2010) shows Asia (as a whole) to have the largest number of Internet
users—42 % of the global total—but behind the region’s share of total population
(approximately 55 %). Within the region, China has the largest number of users,
51 % of the region’s total (420 million users, with a penetration of 31.6 %). Korea
records the highest proportionate Internet usage statistics, with 40 million users
(81.1 % penetration), followed by Japan with 99 million users (78.8 % penetration),
then Singapore (77 %), Taiwan (70 %), Hong Kong (69 %), and Malaysia (65 %).
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There are surprisingly high Internet penetration rates in many of the newly
industrialized countries such as the Philippines (30 %), Vietnam (27 %), Thailand
(26 %), and even Indonesia (12 %). However, there is a group of relatively Internet-
isolated countries, such as Laos (7.5 %), Cambodia (0.5 %), and Timor-Leste
(0.2 %). There is a great interest in communications technologies in the region, as
evidenced by the annual APRICOT conferences (Asia Pacific Regional Internet
Conference on Operational Technologies).

What does technology mean to older persons regionally? Examples are quite
numerous in the literature, and a few will be cited. The first, the use of healthcare
monitoring for older persons, involved international collaboration with a major
pharmaceutical company. In this example, Tsang (2010) discusses tele-aging-care
through a Tele Diabetes Monitoring and Management System in Hong Kong. He
notes that telemedicine, the delivery of medicine at a distance, can involve monitor-
ing a patient at home using well-known devices and transferring the information to
a caregiver. Telemedicine may be simple, for example, two health professionals
discussing a case over the telephone, or more complex, using satellite technology
and videoconferencing equipment to conduct a real-time consultation between
medical specialists in two different places. It may be real time (synchronous) and/or
store and forward (asynchronous). Real-time telemedicine requires the presence of
both parties at the same time and a communication link between them.
Videoconferencing equipment is one of the most common technologies used in syn-
chronous telemedicine. Store-and-forward telemedicine involves acquiring medical
information and transmitting it for assessment off-line when convenient. Tsang also
discusses a new emerging aspect of telemedicine, known as Primary Remote
Diagnostic Visits, in which devices examine a patient. A doctor in another location
virtually examines the patient and treats him or her. This hybrid technology holds
great promise for solving healthcare delivery problems.

Other examples involve the development and application of smart home technol-
ogy. Soar (2010) reports early findings of an Australian research program, the
Queensland Smart Home Initiative. This research looks at the development and eval-
uation of demonstrator smart homes, hospital avoidance and connected communities
for care, connectivity for information sharing in rural communities, policy, and strat-
egies for assistive technology. Initial findings indicate many adverse events in which
technology could assist, such as falls, memory loss, medication problems, and social
isolation. Soar notes that while much innovative technology is available, levels of
adoption remain low. Some progress is needed before providers such as health
departments are ready to shift focus and resources toward prevention, assistive tech-
nology, and community care. There are also structural barriers, and as in many other
places, the health system remains strongly dominated by the hospital sector.

From Korea, Bien (2010) discusses human-robot interaction (HRI) related to the
various forms of service robotic systems in residential environments. If HRI is used
to assist older people and people with disabilities, the total system operation needs
to be human-friendly. To achieve such a human-friendly approach for older people
in a smart home, the team adopted Computational Intelligence (aka soft computing
technique) that effectively mimics human behavior and transplants soft knowledge
to machines. The study reports on experiments undertaken in an Intelligent Sweet
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Home in the Human-friendly Welfare Robot System Research Center at KAIST
(Korea Advanced Institute of Science and Technology, located in the city of Daejeon,
150 km south of Seoul). The research used various Computational Intelligence tech-
niques to try to achieve a human-friendly assistive robotic environment. A number
of interaction—interfaces, including facial expression and hand gestures, were suc-
cessfully implemented within a home setting. The study suggests that a living envi-
ronment with a class of human-friendly service robotic systems can be achieved and
independence of the residents can be facilitated through Computational Intelligence
methods. Such a robotic service could become an important alternative for human
care and assist older persons and people with disabilities.

Finally, Ng et al. (2010) have looked at the social impact of smart home technol-
ogy in Singapore. In many Asian societies, older people are traditionally supported
by their families and this may be viewed as a burden. Smart homes have the poten-
tial to improve the quality of life in older adults and help them live more indepen-
dently, but little was known about Singaporean’s attitudes toward the use of these
technologies in their homes. Over the past 5 years, the research team at the Institute
for Infocomm (I’R), A*STAR, in Singapore, has investigated the needs and atti-
tudes of Singaporeans toward smart homes, using a range of survey methods. For
example, a survey was conducted at the first Silver Industry Conference and
Exhibition (SICEX, 2008), where a futuristic smart home was presented, to under-
stand users’ perception toward the featured technology. Respondents aged 55-90 in
a day-care facility were surveyed. A smart home lab, STARhome, was also estab-
lished and contextual interviews with three-generation families were conducted to
understand their technology use and expectations of future homes. This wide range
of studies revealed that many older adults own mobile phones and use them to com-
municate with their families and friends. In terms of household technology, well-
known devices such as CD players, radios, washing machines, and TVs were more
commonly owned and used. Some older adults own and use DVD players, but only
a few knew how to operate computers. Most lead simple lives though some were
more “tech-savvy” than others. The research enabled the team to conduct contextual
interviews with some more tech-savvy older adults in their homes and the
STARhome. Most respondents saw safety and security as the most immediate and
obvious need to satisfy in a smart home, followed by health care. Interestingly, the
team found the needs and attitudes of older adults differed from those of working
adults and youth. The research also highlighted behavioral issues, such as medica-
tion compliance, and it was hoped that smart home technology would be able to
help with reminding older adults to take medications.

12.4 Technology for Active Aging in the United Kingdom

The focus in this chapter so far has been on research and development (R&D) initia-
tives at an international and regional level of operation. Considerable activity is also
funded and carried out within national programs and frameworks, and in this section
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the case of the United Kingdom is examined to outline the way R&D initiatives are
linked to local circumstances and policy context. The UK is an interesting example
on a number of counts. Firstly, it has a long history of use of technologies in the care
of older people (Fisk, 2003), for instance, with the use of personal alarm systems
linked to an emergency call center. Market penetration for these kinds of services is
relatively high compared to most other countries. The organization of services for
older people is also interesting, with responsibility for the support of older people
shared between social services (local authorities, such as city councils) and health
services (National Health Service general practitioners, community health services,
acute services, etc.). While this can create problems of service integration, the
emphasis on social care provides some counterpoint to a primarily medical model
of care for older people. Moreover, since the late 1980s there has been a strong
emphasis on home- and community-based services, rather than the delivery of care
in institutional environments such as nursing homes.

In the UK, research and development activities concerned with the application of
technology for active aging is being undertaken in many different ways and takes
many forms, from commercial developments, some of which are highly speculative,
through to basic research. There is a broad spectrum of work concerned with inde-
pendent living, with a strong emphasis on Ambient Assisted Living and supporting
mobility. Further, there is an emphasis on monitoring health conditions and the
provision of care. Although much addresses the needs of those who are frail, the
needs of active older people are an important driver of many developments, many of
which involve European and international collaborations.

Many mainstream commercial activities have built upon the infrastructure that
has supported the widespread use of the community alarm coupled with the oppor-
tunities provided by the increasing reliability and cost-effectiveness of wireless
technologies, such that a multitude of smart home technologies are now available to
support individuals with many different health conditions. However, much of the
work, which extends beyond this into the telehealth and telecare arena, is at the
stage of proof of concept and the evaluation of economic feasibility and commercial
viability. Previously there were many mainly small-scale trials, but these resulted in
largely ambiguous outcomes. Thus, a determined attempt is being made to under-
take larger-scale trials, especially through Whole System Demonstrator projects
(DH, 2010), in order to evaluate their effectiveness and to develop business cases.
Further developments are being funded through the government-funded Technology
Strategy Board’s Assisted Living Innovation Platform (TSB, 2011). Significantly,
this is actively supporting research on business and economic modeling and on
social and behavioral studies. While the TSB’s focus appears to be largely on tech-
nologies which are now well understood in terms of their potential to enhance active
aging, independence, and quality of life, technology development extends much
further (in universities and commercial settings) with important advances in sensor
technologies which support the identification and management of chronic diseases.

Research and development in the UK is greatly enhanced by the government-
funded Research Councils that support basic and applied research in universities
and similar institutions but not commercial research. Through a highly competitive
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bidding process, individuals and teams of researchers can apply for funding support
to specified programs of work. There have been a number of aging-related programs
since 1997, some of which have supported work with a technology focus. The most
important is the Engineering and Physical Sciences Research Council (EPSRC)
Extending Quality Life (EQUAL) Initiative, which commenced in 1998 and is
largely completed. This has been especially successful in supporting work to
enhance the quality of life of older people with dementia and those suffering the
effects of stroke and heart and lung disease, as well as developing technologies to
enable better access in both urban and rural environments. In addition, EQUAL has
supported design-orientated research which is leading to the design of homes, urban
environments, and consumer products that are more inclusive of the needs of older
adults and disabled people. Examples of EQUAL-funded projects include the
following:

SMART (The SMART Consortium, 2011) being undertaken by a consortium of uni-
versities. The project explores how technology might be used to facilitate active in-
home rehabilitation, initially by focusing on people suffering from the after effects of
stroke and more recently on understanding the potential for technology in the support
of self-management of conditions experienced by individuals with chronic pain and
congestive heart failure. User-centered designs for technology, for example, resulting
in a personalized self-management system, were a fundamental starting point for the
work, so too were extensive studies with the technology in use. Users, carers, and
clinical stroke therapists are an integral part of the SMART team, from initial scoping
of need through to the testing of new iterations of the system as it develops. This is a
significant study, especially since self-management is central to the UK Government’s
agenda for the management of long-term chronic conditions.

Introducing Assistive Technology into the Existing Homes of Older People (King’s
College London and the University of Reading, 2004). Through detailed analysis of
the capability of many fixed and personal assistive technologies, this research
addressed the feasibility and cost of adapting different types of domestic property to
meet the needs of individuals with various impairments, some very severe. Through
working with older users, it considered the acceptability of various assistive tech-
nologies and what leads to adoption or rejection. In particular it explored the rela-
tive costs of different care packages, which integrated various combinations of care
services and provision of assistive technology. It showed the extent to which assis-
tive technology could substitute and supplement conventional care services, the
potential trade-offs between the two, and the likely returns on investment in housing
adaptations and assistive technology.

Future Bathroom (Lab4Living, 2011) is an example of work that is helping to
encourage a consumer perspective rather than an impairment perspective on assis-
tive technology. This involves researchers, designers, and manufacturers in the
quest for better quality and design of bathroom furniture for older people. The chal-
lenge is to design quality products that all bathroom users would find acceptable, as
well as meeting the specific needs of older and disabled people. The project has
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developed a robust methodology for fostering codesign dialogues between design-
ers, researchers, and older people (aged 50+) with chronic age-related health condi-
tions such as arthritis, osteoporosis, stroke, and macular degeneration. The work is
leading to a range of innovative and desirable bathroom prototypes (both bathroom
furniture and assistive technologies for bathroom use) that are sensitive to the prob-
lems of living with disability, which do not stigmatize, are capable of manufacture,
and demonstrate the principles developed as a result of the project.

Although EPSRC supports a number of significant technology projects, much of
its funding for aging-related research is channeled through the New Dynamics of
Aging (NDA, 2011) and lifelong health and well-being (LLHW) (MRC, 2011).
Although these support some research projects with a technology orientation, in
general technology is not prominent. There are some exceptions as well as a smat-
tering of work concerned with the relationship of older people with technology.
Examples of the work supported by NDA include the six projects described briefly
below (NDA, 2011):

Design for Aging Well is considering the enhancement of autonomy and indepen-
dence through the development of a clothing system with embedded wearable tech-
nologies. As with much current design research involving older and disabled people,
it takes a user-centered design perspective, an approach that is rarely found in fash-
ion design. Working with user groups, the project is developing and testing concepts
for the system that older people will willingly wear.

Envision has evaluated an innovative way of communicating to health professionals
the complexity of older people’s mobility problems using visualizations of objec-
tive dynamic movement data. A prototype software tool visualizes, for non-
biomechanical specialists and lay audiences, dynamic biomechanical data captured
from older people undertaking ADLs. From motion capture data and muscle
strength measurements, a 3D animated human stick figure is generated, on which
the biomechanical demands of the activities are represented visually at the joints
(represented as a percentage of maximum capability, using a continuous color gra-
dient from green at 0 %, amber at 50 % through to red at 100 %). The potential
healthcare and design applications for the visualizations have been evaluated with
older people and healthcare and design professionals.

NANA is a 3-year multidisciplinary research project using sensitively designed
technology to improve data collection and integrate information on nutrition, physi-
cal function, cognitive function, and mental health to identify individuals at risk of
undernourishment and improve targeting of interventions. As well as improving the
measurement, it will also enhance understanding of the interactions between these
factors. This improved understanding may be used to inform strategies to prevent
physical and mental decline in aging and to develop improvements in the medical
treatment of older people. The resulting toolkit has commercial development poten-
tial primarily for use with older people and also with other groups that would benefit
from comprehensive integrated assessment.
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Sus-IT is exploring the relationship between the dynamics of aging and the
dynamics of digital information and communication technologies (ICTs), in order
to understand how ICTs can support or enrich quality of life and autonomy of older
people as they age. It is known that digital ICTs have the potential to support older
people to live independently, promote social inclusion, and facilitate access to com-
mercial or government services. However, as people age they often experience
decline in their physical and/or cognitive abilities which can make it difficult to
continue use of, or keep up with, digital tools and services. The resulting disengage-
ment from the digital world can constitute a significant reduction in quality of life
for some older people.

While the potential of these examples of recent and current research projects to
contribute to major developments in support of active aging is considerable, in real-
ity, the path of research from development through to application is fraught with
difficulties. Nevertheless, many of the projects are being executed with methodolo-
gies which recognize the value of user-centered approaches and co-design and
which involve older people as experts rather than just subjects in the research pro-
cess. There is a good track record of progress toward application, especially for
those projects supported by EQUAL, and of influential developments, at the concep-
tual level of informing others about what is possible and how this might be achieved,
not least policy makers, through to direct application in product development.

Support for the development and use of technology that promotes active aging
comes from a variety of sources. Government-funded health and social services
have a clear interest in evaluating and, where possible, adopting a range of technolo-
gies. These include traditional assistive technologies through to both sophisticated
and simple telecare and telehealth systems, to enable older people to maintain their
independence and lead active lives. However, some technologies are becoming
mainstreamed, finding their way onto the main street (KT-EQUAL, 2009), and are
becoming available in conventional consumer outlets rather than just specialist sup-
pliers. Organizations in the charitable and voluntary sector, many of which are
focused on particular health conditions and impairments, play an important role,
providing information and advice to older people about which technologies are
likely to be of benefit and how to access and use them. These organizations in par-
ticular are concerned to see the development of inexpensive and reliable technolo-
gies and, given the current widespread exclusion from the digital economy
experienced by many people, they are particularly eager to see the development of
technologies that are inclusive of all members of the population.

12.5 European Union Initiatives in Ambient Assisted Living

The EU has a long history of cross-national initiatives in R&D in the area of tech-
nologies for older and disabled people. For example, the EU’s Technology Initiative
for Disabled and Elderly People (TIDE) funded 55 projects between 1993 and 1997
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to develop new technological tools and applications, with an aim to enhance
autonomy and participation in social and economic life. The EU has a mandate to
co-fund activities to stimulate R&D that will both develop new market opportunities
for EU industry and at the same time achieve goals set out in social policy, for
example, enhancing social participation of marginalized groups through an inclu-
sive information society. This previous R&D effort has now culminated in the EU
Ambient Assistive Living Joint Program (AAL-JP), which is a 5-year funded proj-
ect (2008-2013) with a total budget of 700 million euros (EU, 2008). The project is
jointly funded by public bodies, AAL partner states, the EU, and private industry. It
forms part of the EU e-Inclusion agenda which aims to improve access and take-up
of IT services among disadvantaged groups including the elderly (EU, 2007a).
AAL-JP is motivated by a recognition of the increasing aging demographic in
Europe and the opportunities this brings for citizens, health- and social care sys-
tems, and industry and is the first concrete activity to emerge out of the European
Action Plan for “Aging Well in the Information Society” (EU, 2007b).

Ambient Assisted Living (AAL) is ““...the use of information and communication
technologies in a person’s daily living and working environment to enable individu-
als to stay active longer, remain socially connected and live independently into old
age” (EU, 2008, p. 2). Ambient Assisted Living combines ICTs, stand-alone assis-
tive devices, and smart home technologies to help support older people to live inde-
pendently within the community. AAL is designed to address multiple interrelated
aims: to allow people to age-in-place by increasing their autonomy, to maintain
self-confidence and mobility, to support health and functional capability, to promote
active and healthy lifestyles, and to prevent social isolation (AALIANCE, 2009).
Early technologies in this field included button-based alarm systems worn by the
older person to allow them to raise an alarm should a problem requiring assistance
arise. New ICT-based products and services have emerged, such as the use of sen-
sors to detect potential emergency situations such as a fall or environmental hazard
(e.g., flood or gas leak) and summon help without action on the user’s part. However,
the recent advances in ICTs have most potential for supporting the independence
and health of older adults by extending the range and level of support to seniors liv-
ing in the community. AAL-JP has identified the need for technology interventions
that broadly address older people’s well-being, autonomy, and social inclusion,
while also supporting older people with functional impairments, and the treatment
and prevention of challenging conditions such as chronic diseases. Specific aims
include to (AALIANCE, 2012):

e Extend the time people can live in their preferred environment by increasing
their autonomy, self-confidence, and mobility

* Support maintaining health and functional capability of the elderly individuals

e Promote a better and healthier lifestyle for individuals at risk

e Enhance the security, to prevent social isolation and to support maintaining the
multifunctional network around the individual

e Support carers, families, and care organizations, to increase the efficiency and
productivity of used resources in the aging societies
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In addition to the need to meet the demands of an aging population, the AAL-JP
funding represents an attempt to move toward marketable products and away from
high cost technologies where there has been little market penetration. The design of
gerontechnological interventions to date has been technology driven, and AAL-JP
addresses this by stipulating the need for a multi-partner initiative that draws upon
differing expertise and a multiuser perspective. The EU focus also recognizes that
interventions have largely failed to address the needs of users at all stages of product
development and hence have not been grounded in the needs and requirements of
older people. As a result, a strong emphasis is placed on the application and devel-
opment of technology that addresses usability and acceptability, by involving older
people, informal carers, and other stakeholders at all stages of design, specification,
and application.

The EU funds its R&D activities through the publication of periodic calls, which
set down the overall aims and research themes, specific objectives, budgets, and
research instruments (e.g., types of projects and collaborations). Despite this there
are overall criteria that the funding proposals must address when submitting an
application. This criterion promotes a pan-European approach to the research (mini-
mum of three EU countries must be represented in the proposal), as well as a multi-
disciplinary partnership as all consortiums are required to involve one eligible
business partner, SME partner, and end-user organization (up to a maximum of ten
consortium partners). This promotes a multidisciplinary approach to the research
and the recognition that AAL interventions require the contribution of a broad range
of skills and expertise to ensure fit for purpose.

The AAL-JP first thematic call in 2008 addressed well-being and care and
focused on ICT-based solutions for the prevention and management of chronic con-
ditions of elderly people. The call identified the need for prevention, management,
and support services that address the social and socioeconomic environment related
to chronic conditions. A total of 23 projects were funded for 24-36 months in dura-
tion and varied from basic monitoring technologies that reacted to changes in well-
being and health status to the implementation of interactive functional robotic
devices that encouraged aging within the home environment. The projects directly
addressed areas of self-management, encouraging independent living and the pro-
motion of autonomy within the home, ensuring that older people feel supported
within the home and continue to engage in activities that enable them to age in the
preferred place of the home. The management of chronic conditions represents a
considerable challenge and the program considers that AAL interventions can assist
self-management and reduce the costs of care required for this group.

A second thematic call on social interaction was released in 2009 and focused
on providing innovative ICT-based solutions aimed at helping people to be active
and socially connected in the society as they age, from both a societal and personal
perspective, effectively contributing to their health, to overall quality of life, and to
social inclusion. Thirty projects were funded, each with a duration of between 18
and 36 months. The focus of the funded projects in phase 2 has been on facilitating
the active contribution of the elderly, through projects that provide ICT solutions for
older people to engage and sustain in social networks and to share information
with each other as a process through which they can make a positive and active
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contribution. The funded projects incorporate a broad range of user-oriented
services, including engagement in virtual environments and accessible mobile tech-
nologies connected via web-based servers so that older people can develop new
social networks and feel a valued part of the community. The theme addresses wider
issues relating to the e-Inclusion agenda, addressing social exclusion, isolation, and
loneliness, and relating to the building of social capital among vulnerable groups
who will increasingly depend on social networks for care and support.

A third thematic call released at the end of 2010 addressed ICT-based solutions
for Advancement of Older Persons Independence and Participation in the
“Self Serve Society.” Although no details of funding or specific details of individ-
ual projects have been released, the theme considers AAL interventions that encour-
age personalized self-serve care, promoted through user choice and accessibility.
This was to be achieved through projects that focus on preserving and enhancing
independence and dignity in later life, active participation in the self-serve society,
and ensuring that older people are provided with the support for participation. This
fits with recent policy which has highlighted the need to reduce the costs of care
delivery resulting from a globally aging population by putting the older person in
control of accessing services. ICT-based interventions potentially allow services to
be tailored to the needs of the older person while providing them with a gateway for
accessing services.

The fourth and final call in 2011 addressed Advancement of Older Person’s
Mobility and aimed at the development of ICT-based solutions to help older persons
to sustain their optimal level of mobility for as long as possible, as well as enhance
a sense of confidence, autonomy, competence, security, and safety. The theme draws
upon the understanding that mobility in later life encourages active aging, allowing
older people to lead independent lives. This recognizes that AAL has an important
role to play in helping older people to perform ADLs and engage in leisure activities
which are important to delay the need for intensive care interventions. As well as the
practical benefits, a good level of mobility promotes a sense of mental well-being,
derived from a feeling of confidence when undertaking daily activities. Potential
ICT solutions include supporting mobility in and outside the home through assis-
tance with journey planning, monitoring and tracking movement, and assistive
devices to support ambulation in the home.

The funding stream also responds to the debate concerning how AAL supports
the needs of all stakeholders, not just older people, in providing interventions. The
AAL program clearly responds to the desire for integrated service provision, iden-
tifying the need for technological interventions which recognize the needs of carers,
families, and care organizations within an integrated system of care delivery. This
considers AAL interventions as being part of the solution, where technology sup-
ports (and does not replace) other methods of administering care. In adopting an
inclusive and integrated approach, the program makes reference to funding prod-
ucts, systems, or services that meet the identified wishes and needs of end users.
However, the mechanisms for how user needs should be articulated in the applica-
tion and development and AAL interventions are less well detailed yet indicate the
drive toward a participatory ethos detailed in the broader e-Inclusion agenda of
which the AAL-JP program is a part. The projects within the funding body require
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evidence-based user-centered research, incorporating user involvement in the
application and development of many of the initiatives.

The AAL-JP program is also focused upon the development of tangible products,
requiring that each project delivers a 2-3-year time-to-market perspective after the
project ends. Given the short turnaround, project activity has involved the applica-
tion and testing of technology which is already at the stage of specification and
development, as opposed to funding work collecting new requirements. The pro-
gram identifies the need to develop competitive industries, through the involvement
of innovative companies, mostly small- and medium-sized enterprises (SMEs), to
emerge from the niche markets of expensive devices (where much of the contribu-
tion has been thus far) to affordable devices for the mass market. Moreover, the
tender documents identify the requirement for products that represent cost savings,
in health cost, social costs, and nursing homes expenses, identifying the deficit that
currently exists in many economies in meeting the care burden.

12.6 Discussion

The above scan of the international scene in the area of technology and aging is use-
ful on a number of counts, even though it represents only a partial view of a rapidly
growing area of research. First of all, researchers are often surprisingly blinkered
with their perspectives focused on their own national or local contexts. The need for
collaborative research, increasingly at an international level, is something that is
very much part of the research scene in this area of work. Indeed, the mix of skills
and expertise needed makes it impossible to visualize research in this field that does
not cross the traditional disciplinary boundaries. The parallel global processes of
population aging and technological change and development are also factors that
are serving to drive local and national research and policy agendas together. For
example, the UK national-level initiatives described above have been very active in
fostering international collaborations, such as UK—Canadian joint research and net-
working. Second, it is useful to attempt to provide a summary of the state of the art
in the area, even though reviews of technology-related initiatives and projects are
almost by definition going to be immediately out of date. The underlying aim of this
chapter has been to point to commonalities across programs and geographical
regions, and this final section of the chapter aims to point to some of the key themes
and directions in the research and identify lessons learned, or indeed lessons ignored,
from these various initiatives.

12.6.1 The Theme of Active Aging

One of the striking aspects of the reviews is the wide range of applications that are
under development. Academic research and commercial products in technology
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have historically focused on systems and devices that have had a strong medical
component (telehealth) or have addressed issues of safety and security (telecare)
(Sixsmith, 2006). In respect to telecare, it is possible to characterize technologies in
terms of three generations of technology. The first generation refers to the simple
community alarms that allow people to push a button on a telephone or pendant to
raise an alarm if they had a fall or experience some other kind of emergency. The
second generation is currently emerging into the marketplace and it comprises
smarter devices that use sensors to check on safety of devices (e.g., cookers, baths)
or to check on a person’s level of activity. A third generation is in the R&D phase
and aims to exploit recent advances in ICTs. The potential of these technologies to
contribute in many areas of the everyday life of seniors is reflected in the much
broader scope of the research. For example, both the ETAC and EU programs have
a strong social agenda, driving research in systems to facilitate social participation.
A further common feature is a focus on systems to help individuals, carers, and
professionals to manage chronic disease. These include physical conditions, such as
respiratory disease, but most notably include a growing number of research projects
on helping people with dementia. This is a comparatively recent trend; as Sixsmith
(2006) in a review of research programs prior to 2005 noted, there had been rela-
tively little attention given to this group up to that time. Generally speaking the
trend in research is toward an agenda that emphasizes active aging, rather than the
agenda of dependency that has typified care of older people over the years.

12.6.2 Knowledge Transfer and Exploitation

Another emerging theme from the global scan is the high priority given to knowl-
edge transfer (KT) and the exploitation of research results. Indeed, a common criti-
cism of much of the research on technology and aging to date has been that there has
been little payback in terms of real-world products and services for older people
(Meyer, Muller, & Kubitschke, 2012). While there remain significant technical
challenges, it is important that R&D in the field becomes more aligned with the
nontechnical challenges and barriers to exploitation. A key element in this is the
increasing emphasis on participatory approaches to research that includes stake-
holders not only as research subjects but also as active participants in all stages of
the R&D cycle. In addition to their traditional roles in field trials and evaluations,
participants are now involved in the setting of research agendas, requirements speci-
fication, data collection, analysis, and interpretation. The involvement of older peo-
ple, caregivers, and service providers is much more likely to result in products and
services that are grounded in real-world needs and contexts, thus enhancing the
likelihood of adoption. For example, the discussion of the ETAC program high-
lighted some of the potential downsides of technology, notably the potential for
stigmatizing the very people it is intended to help. The challenge to the research
community is to find appropriate ways of facilitating this active participation
through innovative methods and to go beyond the often notional concepts of
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stakeholder involvement that currently persist. Examples of this include visualization
techniques (see Chap. 9) that allow people to contribute to decision-making in
virtual space prior to implementation of design solutions in the real world.

This shift in focus to real-world products and services is reflected in the various
geographical reviews in this chapter. The discussion of the ETAC program high-
lighted the very practical problems and possible solutions regarding how people
working in the academic sector can move their ideas and prototypes through the
very challenging process of commercialization. An emphasis on commercialization
is apparent in the UK and EU technology programs, emphasizing academic/com-
mercial partnerships and the explicit inclusion of commercial objectives in the com-
missioning and funding of new research. For example, EU projects funded under
the EU’s AAL-JP are expected to result in near-to-market systems and devices. The
extent to which these expectations are actually realized remains to be seen. The
discussion of the Asia-Pacific region highlights a different dimension: the emer-
gence of the old-age demographic in its own right as a market for new technology.
This has been a facet of technologies-for-aging for many years, for example, the
development and use of emergency alarms emerged in the 1960s through develop-
ment and commercialization within the private sector. However, the rapidly aging
populations worldwide and increasing familiarity of many older people with ICT-
based products and services may see new everyday products and services emerge
through entirely commercial channels in parallel to the more academic route.
(Examples of these include some of the games that have recently come on to the
market, such as Brain Age.) Despite this last point about the organic emergence of
markets, the role of governments in promoting the use of ICT-based solutions for
older people appears to remain an important factor. This is very apparent in the
multibillion euro investment made by the EU through the AAL-JP, a program that is
driven by expectations of wider economic and commercial benefits, as well as ben-
efits to older users themselves. The discussion of the UK highlights the very active
role that the government in that country has taken in deploying technology within
the range of health and social services available to older people. Additionally, the
UK is providing investment into these emerging services and considerable emphasis
has been placed on developing a strong evidence base for policy and practice. The
Whole System Demonstrator has been an important step, not only for evaluating
health outcomes and cost savings but also for providing clear pathways for the scal-
ing-up of emerging technology-based systems into mainstream services (DH, 2011).

12.6.3 Global Diversity

Even though there are strong global processes of population aging, economic mech-
anisms, institutions, and technological change that are serving to bind together
nations and geographical regions in terms of common experiences and challenges,
there remains considerable diversity within the world. This point is particularly
apparent in the discussion of the Asia-Pacific region. Gerontological research tends
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to emphasize a Western perspective, yet in comparative terms, the so-called problem
of aging is perhaps less challenging in North America and Europe compared to the
situation in the Asia-Pacific region. The very rapid pace of population aging and the
sheer numbers of older people in combination with cultural, social, and economic
change set the Asia-Pacific region apart. This region, however, is also characterized
by huge diversity internally, particularly within the older populations who in many
of the East Asian countries have literally been left behind by rapid technological
and social change and urbanization. While this chapter has pointed to common
problems and common solutions (a good example is the need for better medication
compliance and the potential of technologies to facilitate this), the international
R&D collaborations and the products and systems that are beginning to emerge into
the global market place need to be cognizant of the need to apply these solutions in
a way that reflects diversity. The term glocalization, the adapting of global-level
products, services, policies, and practice to reflect local needs and contexts, has to
become increasingly a part of the KT lexicon in the area of technology and aging.
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