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Abstract—Advances in  information = communications
technology and related computational power are providing a
wide array of systems and related services that form the basis
of smart home technologies to support the health, safety and
independence of older adults. While these technologies offer
significant benefits to older people and their families, they are
also transforming older adults into lead adopters of a new 24/7
lifestyle of being monitored, managed, and, at times, motivated,
to maintain their health and wellness. To better understand
older adult perceptions of smart home technologies and to
inform future research a workshop and focus group was
conducted with 30 leaders in aging advocacy and aging services
from 10 northeastern states. Participants expressed support of
technological advance along with a variety of concerns that
included usability, reliability, trust, privacy, stigma,
accessibility and affordability. Participants also observed that
there is a virtual absence of a comprehensive market and policy
environment to support either the consumer or the diffusion of
these technologies. Implications for research, policy and market
innovation are discussed.

I. NEw DEMANDS OF AN AGING SOCIETY

AGING is the social factor shaping the future of the vast
majority of nation’s today. A combination of longer life
and decreased fertility rates are driving a demographic
transition from the once ‘normal’ population distribution of
many young people with few older people to a distribution
that reflects many more people over age 50 than there are
children. Industrialized economies, primarily Organization
for Economic Cooperation and Development or OECD
states will face accelerated aging when the baby boomers of
North America and Europe and Dankai of Japan begin
turning 65. Europe, already with more older people than
children, will have twice the number of elderly than children
by 2050. Even developing economies, such as China, are
now facing a virtual geriatric explosion with nearly 140
million people already over 60. In fact, the United Nations
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revised World Population Prospects estimates that by 2045
humankind will have set a historical first where the number
of people over age 60 will be greater than the number of
children under age 15.

The unprecedented rate of aging, along with the demands of
an older society will reshape every aspect of daily life.
Clearly, health will receive more attention and require even
more innovation to ensure its quality and cost-effective
delivery. Increasing emphasis will be placed on disease
management to improve the quality of life of older people as
well as to manage the exponential increase in costs
associated with common chronic conditions, e.g., diabetes,
hypertension, and wide range of cardio-vascular diseases.
Exploding rates of chronic disease in North America and
Europe alone portend a disease burden that could drive
unprecedented demands on healthcare systems, private and
public insurers, disability and lost workplace productivity.

A. Convergence of Aging, Health & Smart Home
Technology

Only equal to the rate of aging has been the rapid
development of advanced technology. The creative
application of new technology to healthcare has received
considerable attention from researchers and investment from
both business and government. Biomedical, diagnostic
technologies and other applied areas are greatly improving
the lives of older people. Other technologies are being
developed to improve health as part of daily living in the
home, at work or in some instance, even the car. Robotics,
for example, is offering the possibility of ‘carebots’ to assist
older people with activities of daily living from dressing,
cleaning the home, to reminding them to take medication

[1].

Information communications technology or ICT is perhaps
the richest area to produce new ideas to support the health of
older adults. ICT is being used to monitor, manage and
motivate a new generation of healthcare for older people [2].
For example, sensors, related algorithms and attending call
centers form the basis of ‘smart home health’ technologies
providing families and formal caregivers with the capacity to
remotely monitor the wellbeing of an older adult living at
home [3]. Pervasive computing applications are available to
predict a fall based upon a change in gait, rather than simply
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report a disaster after the often fatal event has occurred.
Telemedicine or telecare is increasingly common providing
connectivity with clinicians to improve the management of
chronic disease in the comfort of an older person’s home
rather than in the costly surroundings of a hospital [4-6].
Other devices from the ubiquitous cell phone to intelligent
everyday devices such cabinets, picture frames, kitchen
appliances and toilets are being used to motivate people to
adhere to diets, take medication or to exercise. Technology
is now available to transform the older adult into a lead
adopter of an emerging 24/7 healthcare envelope of care.

I1. IMPACT OF OLDER USER PERCEPTIONS ON
COMMERCIALIZATION OF TECHNOLOGY

A. From Invention to Innovation

Although ICT applications and related technologies have
been available for many years, major corporations and
governments have only recently given significant attention
to the promise of technology to improve the lives of older
adults. Recent interest, along with the profound change in
demographics, suggests that ‘technology and aging’ is
moving toward the tipping point where interest will translate
into investment to move countless inventions that exist in the
laboratory into innovations in living [7].

However, availability of technology and obvious need may
not translate into commercial opportunity or policy success.
For example, personal emergency response services, or
PERS, sometimes referred to as social alarms, have been
available for several decades. Likewise, telemedicine
devices to monitor selected diseases such as congestive heart
failure or diabetes have been selectively used for many
years. Neither has enjoyed widespread adoption in any
country. Lau examined the penetration of PERS in the
United States. Despite its availability, affordability and ease
of use, Lau estimates that less than 5 percent of older
Americans that could benefit from these systems have
adopted them. Even in the United Kingdom, where PERS
are fully subsidized by the National Health Service, adoption
is only 15 percent [8].

B. Consumer Perceptions as a Barrier to Health
Technology Adoption

If systems that are readily available and affordable are not
translating into innovations in living, what are the prospects
for the coming generation of inventions designed for older
adult health? One possible explanation is that the perceived
value of technology-enabled health applications are not
responding to older consumer demands [9].

A variety of hypotheses addressing older consumer adoption
of technology are available. These range from classic
questions of usability to technology equity issues that
strongly suggest the existence of a digital divide between
adopters and non-adopters of technology [10].

Usability remains an important issue to adoption. While
improvement have been made in design the user friendliness
of devices remains a challenge. In addition to somewhat
obvious characteristics, such as font size, controls for
arthritic hands, research suggests that more work needs to be
conducted to address the most effective mental model to
guide the user’s expectation of how the device may work
[11].

Related to usability and practical use is the perceived ‘hassle
factor.” The related logistics associated with installation,
correct use, maintenance, etc., may be just great enough to
outweigh the possible benefits of inviting new technology
into an older person’s daily routine [12].

Other research indicates that uneven adoption may be the
result of education and technological efficacy on the part of
the user. Arguing that adoption of home health systems may
be another indicator of an underlying digital divide among
older adults [13]. In related research Aminzadeh, et al,
suggest that education or simply getting the word regarding
the availability of technology and assistive devices may be a
critical barrier to adoption [14].

Perhaps the most potent factor affecting the success or
failure of technology adoption by older adults addresses how
user’s feel about what adopting the technology may say
about them. For example, does adoption of a device-enabled
service to monitor my wellbeing and medication adherence
trample my privacy and independence in the name of safety
and security. Is technology assisting me or replacing my
own sense of self-control and confidence? Moreover, does
the presence of these technologies in my home ‘label’ me as
frail. Mann, et al., found that many older adults perceived
that technology offered considerable promise for those who
need the service — however, few thought they were among
those that needed such assistance [15-18].

C. Motivation

The primary motivation was to better understand technology
adoption by older adults so to inform and improve
technology and service development; and, to identify the
possible role of public policy and market innovations to
promote the availability and diffusion of effective
technologies. Therefore, two dimensions of technology
adoption by older adults were examined. The first was to
validate the findings of previous work and to discover any
other user concerns influencing technology adoption. The
second was to identify policy or market factors that go
beyond the individual but have a critical impact on the speed
of technology diffusion into the lives of older people.
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I1l. METHOD

A. Workshop — Focus Group

A workshop and focus group were conducted with 30 aging
services leaders and aging policy advocates over a five hour
period in December 2005. The first half of the session
entailed a workshop format where laboratory researchers
presented a variety of commercially available and still under
development technologies ranging from telemedicine
systems, smart scales, health kiosk systems, personal advice
systems to guide diet, home monitoring concepts as well as
selected ‘toy’ and play ideas to enhance medication
adherence. Participants were encouraged to ask questions,
experiment with the devices and offer their own critique or
experiences with similar technologies.

After the workshop, participants reconvened in an adjacent
conference room for a focus group discussion on their
perceptions and possible concerns with the use of
technologies in the lives of older adults. A focus group is a
structured discussion moderated by a facilitator to elicit
qualitative information regarding the perceptions, language,
emotions and thought processes of the participants on a
selected topic. Focus groups provids an excellent basis for
exploratory research and hypothesis development [19].

The group discussion was moderated by one of the authors
of this study while two other authors took notes and
summarized the exchange.

The following questions were used to guide the conversation
and to stimulate discussion over a two hour period:

Which technologies did you see or hear about today — or do
you know about from other sources — that you think could be
helpful in addressing some of the most pressing problems of
older people in your state or region?

* Inwhat ways would they be helpful?
e Which would you like to see come to market and be
widely distributed first?

What kinds of barriers or problems do you see with adopting
and using some of these technologies, e.g., legal, regulatory,
social and individual barriers. For example, are there laws
or regulations in your state that would make adopting these
technologies problematic? Do you foresee a great deal of
resistance among older consumers in using the technology?

e  Privacy and security versus convenience

e Cost of technology — to the individual and to
state/local government

* Individual resistance to using technology - is this
because of fear or a reluctance to learn new
technologies, or do people feel like they are too
removed from human and social contact with
others?

B. Participants

Participants in the workshop and focus group included 30
aging services leaders and state and Federal-level policy
advocates based in the Northeastern United States and
Washington, DC. Of the 30 participants, 17 were women
and 13 were men. The age distribution was between 40 and
75. At least two representatives from statewide aging
advocacy groups from Maine, New Hampshire, Vermont,
New York, Massachusetts, Rhode, Island, Connecticut, New
Jersey, Pennsylvania and Delaware attended.

The participants presented a unique opportunity to capture
the “elite’ opinions of service providers and policy advocates
representing millions of older adults in the Northeastern
United States. Moreover, they are well equipped to address
our second motivation to better understand policy and
market issues affecting home health technology adoption.

C. Analysis

Following the focus group, notes were compiled,
compared and summarized by the authors. General themes,
frequently mentioned topics and related issues were
identified and documented. Although there was an attempt to
ascertain if there were differences between states and
between state and Federal advocates, there were no clear
differences identified. There were selected individual
differences between the participants with respect to the
intensity that they may have articulated on a specific topic,
e.g., importance of cost of technology vs. compromise of
privacy.

IV. FINDINGS

A. Themes

The participants identified a wide variety of issues.
Generally these issues fit into four themes. As Table |
summarizes, these themes included multiple elements. The
four themes included questions around Technology Design;

Ethical Considerations; User Perceptions; and, The
Prospective Role of Markets & Public Policy.
Technology Ethical User Role of
Design Considerations | Perceptions | Markets &
Policy
- Functional - Privacy - Safety v. - Access to
- Reliability - Trust Independence | Technology
- Usability - Loss of Dignity | - Designed - Equity &
for ‘Old’ Affordability
- Stigma - Absence of
Federal &
State Policy

Table I. Categorization of Older Adult Perceptions
of Smart Home Technologies

1812




B. Technology Design

Participants voiced a number of concerns regarding the
design of new technologies to be used in the home. First,
was the most basic question of use and functionality. There
was a general consensus that there was an inadequate
awareness in the aging community, among both users and
the advocates for the elderly, of what technology exists and
what the capabilities might be. Equally unclear is how any
of these capabilities truly improve a person or a family’s life.
Paraphrasing one participant, “how do | know that these
things (medical devices) will actually work in my home as
well as they work in the store?”

System reliability was also identified as a concern. That is,
even if a device worked, would it perform when it was most
needed? As one participant observed, referring to congestive
heart monitoring systems, “these gizmos are going to be
providing help to the most vulnerable and in need, how can
we be sure that they will they work in an emergency?”
Clearly, trust or predictability of technologies and related
services is an important issue for all users, but perhaps most
critical for an older consumer who is more likely to be frail
and managing a condition with less resilience than a younger
person, e.g., living alone or managing physical limitation
[20].

As highlighted in previous studies, basic usability remained
a concern. A few participants thought that technologies were
“too difficult for older people to use and were best suited for
their children to help take care of them.” Understanding how
to use was equal to the challenges of being able to see LCD
displays and manipulate buttons and switches. While the
physical usability of displays are important, the discussion
highlighted basic challenges around design that facilitated
understanding, trust and how best to anchor the function of
the device into a familiar mental model or metaphor that the
older user could use as their guide in learning a new device.

C. Ethical Considerations

Ethical considerations were the most passionately discussed,
and perhaps, the most frequently mentioned concerns
identified by the group. The two dimensions most
highlighted were privacy and trust. Participants were very
concerned that technologies were being developed to
perform functions, e.g., 24/7 home monitoring, “because the
technology can do it” rather than it was necessary or
desirable. More than one of the group questioned if there
were any ethical or value-based foundations that
technologists were using to inform the development of these
systems. According to one participant, “ethics should be
used as veto point to decide between what we can do and
what we should do.”

The idea of ethics as a “bedrock” to determine how best to
use smart technologies in health was most discussed when
the issue of privacy was identified as a major concern. How
much personal information was going to be collected and

“who would both manage and have access to these data” was
a significant issue with all participants. While it was
assumed that existing Federal law, e.g., HIPAA would
govern some of the data and related services, many of the
participants were concerned that the same data that could be
used to motivate older adults to eat correctly or take their
medications could be used to penalize people for not
complying with prescribed health regimens. For example,
would health insurers use these behavioral data to price
insurance or to levy a ‘surcharge’ on poor health behaviors.

Participants devoted considerable time to “where does an
individual’s rights start and stop.” This part of the discussion
focused on a thematic question — if data are available to
improve their health and healthcare overall, should it be used
—and to what extent, if it risks individual rights? Some
passionately argued that as more medical data is collected it
will only increase the likelihood that it will be abused by
healthcare providers to reduce costs at the ‘expense’ of the
older consumer.

Although less of a concern, other participants suggested that
they worried that these data might be used as part of an
intrusive marketing strategy. Contrary to their original
purpose, smart home technologies that were designed to
support the health and safety of older adults could then be
abused by retailers or other vendors simply interested in the
older consumer market.

D. User Perceptions

While all the participants were intrigued by the potential of
smart home technologies to support health and long-term
independence, they did have some perceptions that may
explain relatively slow adoption of many of these devices
and related services. First, was the thought that many of the
technologies offered considerable promise in improving
personal safety but at considerable cost — not to income but
to independence. Many saw the loss of privacy and 24/7
monitoring as a way to ensure safety and security but an
“equal threat to dignity in one’s own home.” Consensus of
the group was even if affordable, these systems may cost the
individual too much unless they are extremely frail or the
only other alternative may be nursing care or living with an
adult child.

A closely related perception was that smart technologies in
the home may be designed for the oldest old and not younger
or more healthy older adults seeking to simply age-in-place.
This perception may be a significant barrier to technology
adoption because as the group admitted few adults of any
age see themselves as ‘old’ and even fewer see themselves
as frail. Consequently, some of the participants thought that
smart technologies may be a “stigma to some older people”
and more symbolic of their frailty than of their supported
independence and health.
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E. Role of Markets & Public Policy

Previous work conducted on technology use and adoption
has focused on the consumer experience exclusively. This
group of aging and aging services advocates provided

unique insight into the possible role of markets and public

policy.

Participants had considerable questions about how smart
technologies and related services would find their way into
the home. Who would offer these technologies and services?
If industry provided these innovations, would it be through
pharmaceutical companies, retailers or private insurers?
What would the role of the physician and hospital be in
“prescribing” the appropriate array of technology and
services?

In addition to questions of how these systems would be
offered or purchased, participants expressed concerns about
standards of performance and quality. Would government
play arole as “honest broker,” if not who would help the
older consumer or their family choose the right technology
and appropriate services? Moreover, how might the benefits
of high technology be made available to those of low
income? As one participant exclaimed — “are we only
building technologies for the rich?” With respect to both
concerns of consumer protection and equity, participants
noted that to their knowledge there was little or no public
policy at the state or Federal level promoting smart home
technology adoption or affordability (in contrast to R&D)
for an aging population.

V. CONCLUSIONS & FUTURE RESEARCH

Advances in smart home technologies offer considerable
power and promise to improve the health and wellness of
older adults aging-in-place and help to caregivers supporting
frail elderly. AIl participants embraced the further
development and commercialization of these technologies.
However, a variety of concerns including usability,
reliability, privacy and affordability were identified as
possible barriers to adoption. In addition, while age is a
critical factor, additional research should be done to
understand how the use of ICT and related technology-
enabled services are impacted by the wide range of socio-
economic and cultural factors that exist in today’s and
tomorrow’s older population. These findings validate
previous research on technology adoption by older adults.
However, this exploratory work reveals a new area worthy
of further examination — how might institutional innovation
occur to move inventions in the laboratory into the living
rooms of older adults? For example, are state or Federal
actions required to ensure equity as well as the existence of
an ‘honest broker?” Future research should also examine
what creative financing and technology-enabled services
might be offered through trusted providers, e.g., affinity
groups, neighborhood associations, local government, banks,
utilities, retail pharmacies, or insurers.
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